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Preface and Acknowledgments

In 1999 the National Academies’ Board on Science, Technology, and Eco-
nomic Policy (STEP) released a series of industry studies analyzing the sources of
competitive resurgence from the 1980s to the 1990s of many U.S.-based firms in
a variety of manufacturing and service sectors. These studies, published under the
title U.S. Industry in 2000: Studies in Competitive Performance, included steel,
chemicals, metal working, trucking, grocery retailing, retail banking, computing,
semiconductors, hard disk drives, apparel, pharmaceuticals, and biotechnology.

The general picture of stronger performance in the mid-to-late 1990s than in
the early 1990s was attributed to a variety of factors including heavy investment
in applications of information technology, supportive public policies, openness to
innovation, and changes in supplier and customer relationships. Vigorous foreign
competition forced cost-cutting changes in manufacturing processes, organiza-
tion, and strategy but then receded, making the performance of U.S. industries
look even better. As none of these favorable conditions could be assumed to be
permanent, the collected studies persuasively made the point that U.S. industries’
superior performance is not guaranteed to continue.

In late 2005 the STEP Board decided to reprise the study, focusing on the ac-
celeration in global sourcing of innovation and emergence of new locations of re-
search capacity, new sources of skilled technical workers, and the implications of
these developments for U.S. businesses and workforce. Although the current study
involves several of the same industries—in particular, semiconductors, personal
computing, financial services, pharmaceuticals, and biotechnology—the overall
selection shifted markedly toward technology-intensive producing, supporting, or
using sectors to include software, flat panel displays, solid state lighting, logistics,
and venture capital finance. The group of industries examined does not represent

ix
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X PREFACE AND ACKNOWLEDGMENTS

a carefully selected sample representative of the economy as a whole. Rather, it
reflects a decision to again capitalize on the work of university-based multidisci-
plinary research teams studying economic performance and technological change
at the industry level. Most of these groups were formed and supported under the
Industry Centers Program of the Alfred P. Sloan Foundation.

To help integrate this work, the Board again asked David C. Mowery, Pro-
fessor at the Haas School of Business at the University of California at Berkeley,
to develop a general framework for analyzing changes in the structure of innova-
tion over the past 10 to 15 years. Mowery in turn recruited Jeffrey T. Macher,
Associate Professor, McDonough School of Business, Georgetown University, to
assist in this effort and co-edit the resulting volume. The chapters in this volume
were drafted independently by individual authors, and their findings and any
policy recommendations do not represent a consensus among all of the contribu-
tors to the volume. They also do not necessarily represent the opinions and views
of the Committee on Competitiveness and Workforce Needs of U.S. Industry, the
STEP Board, the National Academies, or the sponsoring organizations.

In the course of their work, the editors and chapter authors participated in
two public workshops in Washington, D.C. The first, on April 19, 2006, reviewed
their preliminary findings with industry representatives and other analysts includ-
ing Irving Wladawsky-Berger, IBM Corporation; Jack Gill, Vanguard Ventures
and Harvard Medical School; Richard S. Golaszewski, GRA, Inc.; Jeffrey D.
Tew, General Motors; Jerome H. Grossman, LionGate Corporation and Harvard
University; Gordon W. Day, Optoelectronic Industry Development Association;
Timothy J. Sturgeon, Massachusetts Institute of Technology; Charles W. Wade,
Technology Forecasters, Inc.; Richard B. Freeman, Harvard University; Nancy
Hauge, K12; Harold Salzman, the Urban Institute; and Navi Radjou, Forrester
Research, Inc.

A year later a second workshop was held, on April 20, 2007, to try to an-
ticipate trends over the next several years in three broad sectors encompassing
most of the industries being studied—information and computing technology,
biopharmaceuticals, and finance. Speakers in addition to committee members
and authors included Undersecretary Robert C. Cresanti, Commerce Depart-
ment’s Technology Administration; Barry Jaruzelski, Booz Allen Hamilton;
Robert D. Atkinson, Information Technology and Innovation Foundation; Alex
Soojung-Kim Pang, Institute for the Future; Bhaskar Chakravorti, McKinsey
and Company; David Moschella, Leading Edge Forum; Michael E. Fawkes,
Hewlett-Packard Company; Anna D. Barker, National Cancer Institute; Thomas
R. Cech, Howard Hughes Medical Institute; Joseph Jasinski, Health Care Life
Science, IBM; Andy Lee, Pfizer Inc.; T. L. Stebbins, Canaccord Adams, Inc.;
Karen G. Mills, Solera Capital; and Alex J. Pollock, American Enterprise
Institute.

As the editors state in their summary introduction to this collection, despite
the emergence of robust R&D and innovative capabilities in East, Southeast, and

Copyright © National Academy of Sciences. All rights reserved.
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South Asia, and concerted efforts to develop them in other parts of the world,
patterns of innovation are highly variable across industries and across firms
within industries. Many industries and some firms within nearly all industries
retain leading-edge capacity in the United States. The flat panel display sector,
in which innovative activity for the most part has followed production abroad,
is not as yet the norm. This is no reason for complacency about the outlook for
the future, however. Empirically-based analyses such as those in this volume are
inevitably backward-looking. Even recently issued patents generally represent
filings two to five years back and R&D investments considerably earlier. Al-
though not pessimistic overall, our authors compellingly document the rapidity
of contemporary industrial change and shifts in competitive advantage. For that
reason alone, innovation deserves more sustained public policy attention than it
has been receiving.

The STEP Board is grateful to the authors, the editors, and the workshop par-
ticipants as well as to the sponsors of this activity—the Alfred P. Sloan Founda-
tion, the U.S. Department of Education, and the Technology Administration
of the U.S. Department of Commerce.

This collection has been reviewed in draft from by individuals chosen for
their diverse perspectives and technical expertise, in accordance with procedures
approved by the National Academies’ Report Review Committee. The purpose
of this independent review is to provide candid and critical comments that will
assist the institution in making the published report as sound as possible and to
ensure that the report meets institutional standards for objectivity, evidence, and
responsiveness to the study charge. The review comments and draft manuscript
remain confidential to protect the integrity of the deliberative process.

We wish to thank the following individuals for their review of this report:
Suma Athreye, Brunel University; MaryAnn Feldman, University of Toronto;
Jeffrey Furman, Boston University; Bronwyn Hall, University of California at
Berkeley; Megan MacGarvie, Boston University; Deepak Somaya, University
of Maryland; Jerry Thursby, Emory University; and Philip Webre, Congres-
sional Budget Office.

Although the reviewers listed above have provided many constructive com-
ments and suggestions, they were not asked to endorse the content of the report,
nor did they see the final draft of the report before its release. Responsibility for
the final content of this report rests entirely with the individual authors.

David T. Morgenthaler, Chair
Stephen A. Merrill, Study Director
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Introduction

JEFFREY T. MACHER

Georgetown University

DAVID C. MOWERY
University of California at Berkeley

The causes and consequences for U.S. competitiveness and living standards
of innovation by foreign nations and firms have been long-standing topics of
scholarly and policy debate within the United States. During the 1960s and 1970s,
much of this debate focused on U.S. multinational firms’ investment in offshore
research and development (R&D) and production facilities, most of which were
located in other industrial economies. Concern was expressed that the transfer of
technology by U.S. corporations through their offshore R&D and manufacturing
investments would contribute to the growth of foreign competitors in these and
other industries and reduce domestic employment opportunities. The debates
of the 1980s and early 1990s adopted a slightly different tone, emphasizing the
growth of foreign competitors in industries such as automobiles and semicon-
ductors whose innovative performance and high-quality products threatened the
viability of U.S. firms (including multinational U.S. firms) and entire industrial
sectors. These debates were concerned less with the offshore transfer of U.S.
technological capabilities than with the threat posed by foreign firms’ competi-
tive strengths.

A previous volume (U.S. Industry in 2000: Studies in Competitive Perfor-
mance) released by the National Academies’ Board on Science, Technology, and
Economic Policy in 1999 argued that much of the pessimism of the 1980s and
1990s over U.S. industrial competitiveness proved to be exaggerated or mis-
placed. U.S. firms in a number of industries developed new business models and
new products, which enabled them to address competitive threats with consider-
able success. In some cases, the responses of U.S. firms relied on their position
within a large domestic market of innovative users who proved to be important
sources for new ideas and products. In other cases, improvements in U.S. com-

1
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2 INNOVATION IN GLOBAL INDUSTRIES

petitive and innovative performance relied on the robust domestic “R&D infra-
structure” comprising industrial, governmental, and university research facilities,
much of which had benefited from large federal investments spanning the post-
1945 period. U.S. firms and consumers alike also benefited from low-cost imports
of some products, such as personal computers and components that were critical
inputs for the innovation and restructuring processes described in this volume.

A more recent wave of concern over U.S. competitive prospects in the
21st century combines elements of all of these previous debates. The actions
of many U.S. firms (not all of which can be considered multinational by any
conventional definition) to “outsource” activities formerly undertaken by U.S.-
based professional, scientific, and engineering employees have raised widespread
popular concerns over the erosion of employment opportunities in occupations
and industries (including many service industries) that formerly were minimally
exposed to foreign competition. At the same time, the growth of innovative and
manufacturing capabilities in countries such as China, India, South Korea, and
Taiwan has raised concerns over new sources of competition for U.S. firms. A
2006 study of U.S. competitiveness and innovative performance phrased these
concerns as follows:

... the committee is deeply concerned that the scientific and technological
building blocks critical to our economic leadership are eroding at a time when
many other nations are gathering strength. We strongly believe that a worldwide
strengthening will benefit the world’s economy—particularly in the creation
of jobs in countries that are far less well-off than the United States. But we
are worried about the future prosperity of the United States. Although many
people assume that the United States will always be a world leader in science
and technology, this may not continue to be the case inasmuch as great minds
and ideas exist throughout the world. We fear the abruptness with which a lead
in science and technology can be lost—and the difficulty of recovering a lead
once lost, if indeed it can be regained at all. (National Research Council, 2006,
Executive Summary, p. 2)!

A central issue in the long debate over U.S. competitiveness that is briefly
summarized above is the processes through which industrial firms in the United
States and other economies create innovative new products and processes. What
has changed in the global and U.S. domestic economies to transform the near
euphoria in popular evaluations of U.S. economic and innovative performance
during the “New Economy” of the late 1990s to the concerns expressed by

'A similar sentiment may be found in Freeman (2005): “But the US will also face economic dif-
ficulties as its technological superiority erodes. What is good for the world is not inevitably good for
the U.S. The group facing the biggest danger from the loss of America’s technological edge are work-
ers whose living standards depend critically on America’s technological superiority. The decline in
monopoly rents from being the lead country will make it harder for the US to raise wages and benefits
to workers. The big winners from the spread of technology will be workers in developing countries,
and the firms that employ them, including many U.S. multinational corporations” (p. 27).

Copyright © National Academy of Sciences. All rights reserved.
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INTRODUCTION 3

the blue-ribbon panel cited above? In particular, what characteristics of the
innovation-related activities of U.S. and non-U.S. firms have changed since the
late 1990s so significantly to trigger these concerns? On the other hand, rec-
ognizing that many elements of this debate are not new but have been widely
shared since the 1960s, what aspects have not changed in the innovation-related
competition in which U.S. and foreign firms find themselves engaged? How well
are scholars or policy makers able to measure any such change at a sufficiently
fine-grained level of analysis to inform such debates? Finally, what are the impli-
cations for public policy of change in the structure (especially globalization) of
U.S. firms’ innovation-related activities? This volume examines these questions
by providing detailed studies of structural change in the innovation process in 10
manufacturing and service industries.

Any study of issues related to innovation and competitiveness must address
the widely held view that “firms compete, nations don’t.”” In other words, the
innovation-related and employment consequences of global competition are the
result of private-sector investment and management decisions—public policy is
of little importance. Just as it distorts reality to claim that international economic
competition is solely a matter of competition among governments, the claim that
private managers’ decisions are all that matter is also an oversimplification, par-
ticularly in light of the evidence presented in many of the chapters in this volume.
The international performance of firms, including multinationals, is affected by
policy and other economic conditions in their home countries. And this link is
especially strong for firms’ innovation-related activities, which rely on a complex
infrastructure of public and private institutions devoted to knowledge creation
and transmission, personnel training, and other activities. Indeed, one of the most
striking findings in many of the chapters in this volume is the extent to which the
inventive activities of firms in many knowledge-intensive industries remain con-
centrated in their home countries. Simply put, both firms and nations matter.

THE STEP BOARD STUDY

Recognizing that the debate over the international transfer of technological
and innovative capabilities and potential loss of U.S. competitiveness is a long-
running one, the Science, Technology, and Economic Policy (STEP) Board of
the National Academies undertook a study in 2006-2007 of the changes in the
structure of the innovation process that are associated with shifting perceptions
of the competitive outlook for U.S. firms and domestic employment, especially
in professional and engineering occupations.

The STEP Board study examined 10 industries: personal computers, soft-
ware, semiconductors, flat panel displays, lighting, pharmaceuticals, biotechnol-
ogy, logistics, venture capital, and financial services. The choice of industries
reflected several factors: (1) coverage of knowledge-intensive industries that have
been the focus of many expressions of concern over waning U.S. technological
strength; (2) inclusion of service industries, which historically have received little

Copyright © National Academy of Sciences. All rights reserved.
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4 INNOVATION IN GLOBAL INDUSTRIES

attention in debates over foreign competition and innovation; and (3) the willing-
ness of scholars who have conducted extensive research on these industries to ex-
amine the issues of change in the structure and globalization of innovation-related
activities. Reflecting the study organizers’ interest in highlighting similarities
and differences across industry-level studies, we drew on scholars affiliated with
the Industry Centers established with initial financial support from the Alfred P.
Sloan Foundation.
The following is a summary of the findings of each industry study.

Personal Computing

The personal computer (PC) industry now operates as a global network of
independent suppliers of systems, components, peripherals, and software. Al-
though the pace of innovation in the industry is rapid, its character now is largely
incremental because of the dominance of the “Wintel” PC architectural standard.
One important future challenge is the integration of the PC with the proliferating
array of consumer devices that “orbit the user” and provide computing and com-
munication capability (e.g., PDAs, phones, music players).

The global division of innovation-related activities within the industry is
characterized as follows: component-level R&D (concept design and product
planning) is performed in the United States and Japan; applied R&D and develop-
ment of new platforms (particularly notebook computers) take place in Taiwan;
and product development for mature products (mainly desktop computers) and a
majority of production and sustaining engineering are performed in China.

U.S. PC firms have benefited from the international division of labor in
innovation that has supported rapid innovation and quicker integration of new
technologies into new products. The growing demand for smaller, more mobile
products plays to U.S. firms’ strengths in product architecture and early stage
development. The shift in production activities away from the United States has
pulled new product development activities to Asia, but design jobs, which are
relatively few in number, are expected to remain largely in the United States.

Software

U.S. firms dominate global trade in both packaged software products and
software services, although their leadership position is weakening in software
services. Important non-U.S. providers of software services are located in India
(software services), Ireland (software logistics, localization, and development),
and Israel (product development and R&D). Despite some change in the location
of leading providers of software services, there has been relatively little change
in the location of new software product development. Inventive software devel-
opment activity (at least as measured by patents) is concentrated in the United
States and is controlled by U.S. firms. Some inventive activity by U.S. firms has
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shifted abroad but represents a relatively small share of the overall inventive
activity of U.S. firms.

The importance of repeated interaction between software developers and
users is especially important in the early stages of complex projects, and the
enormous size and sophistication of the U.S. market for software and services
means that the United States is likely to retain its dominant role in this industry
for some time to come. Nonetheless, some software development activities will
continue to move to offshore sites characterized by lower labor costs and high-
quality manpower. The chapter highlights the importance for the future U.S.
software industry of federal support for computer science R&D in industry and
academia in the face of continued upgrading of the capabilities of offshore sites
for R&D and product development.

Semiconductors

Significant structural change occurred in the U.S. semiconductor industry
during the 1990s. Among the most important changes were shifts in markets
for semiconductor component applications, changes in the location of produc-
tion and geographic structure of markets for semiconductor components, and
increased vertical specialization in industry structure. Despite these changes, the
contributions of “offshore” sites to U.S. semiconductor firms’ innovation-related
activities remain surprisingly modest. For example, process R&D remains pre-
dominantly “homebound”—concentrated in global semiconductor firms’ home
countries. The patenting activity of U.S. and non-U.S. semiconductor firms alike
is similarly dominated by domestic inventive activity. The innovation-related ac-
tivities of global firms in this industry remain remarkably “nonglobalized,” even
in the face of greater international flows of capital and technology, far-reaching
change in the structure of semiconductor manufacturing, and significant shifts in
the structure of demand.

The vertically specialized industry structure that now characterizes the semi-
conductor industry has enabled U.S. firms specializing in design and marketing
of semiconductor components to access global production networks and grow
rapidly. Nevertheless, continued growth in production capacity and design capa-
bilities in Southeast Asia is likely to result in expanded offshore product design
and development activity by U.S. firms and the entry of new firms based in this
region.

Flat Panel Displays

The flat panel display industry originated in the United States, but production-
related activities quickly migrated to Japan, followed by Korea and Taiwan, and
now are expanding in China. Innovation in the flat panel display industry has
been driven by periodic shifts to larger “form factors” (i.e., larger screens), which
affect the design of new products and new manufacturing processes. Innovative
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activity has tended to follow production investment in the industry because of
the high demand for process innovation. The migration of production away from
the United States means that U.S. firms play a limited but important role in the
innovation process, primarily as suppliers of specialized components (e.g., glass
substrates). The innovation-related activities of these U.S. firms remain concen-
trated in the United States, although all of these firms have invested in offshore
R&D and related activities that are located near major customers.

Lighting

The structure, characteristics, and location of innovation in lighting contrast
with those of predecessor lighting technologies. The traditional lighting industry,
which relied on incandescent, gas-discharge, and fluorescent technologies, was
dominated by a three-firm oligopoly (GE, Philips, and OSRAM) based in the
United States and Europe. All three firms still operate global production networks
for the manufacture of traditional lighting products, but they face increased
competition from low-cost Southeast Asian producers in traditional lighting
products. Moreover, the growth of markets for lighting technologies based on
light-emitting diodes (LEDs) has begun to transform the competitive balance of
the industry. The three dominant firms were slow to enter the LED market and
have subsequently utilized joint ventures and acquisitions for technological catch-
up, but they have failed to achieve market dominance in this technology.

Lighting innovation, which historically was dominated by the U.S. and
European R&D facilities of the leading firms, has shifted to Southeast Asia.
An analysis of patenting in lighting indicates that Japanese and U.S. firms hold
modest leadership positions in inventive activity, but their lead is shrinking as
Taiwanese and other Southeast Asian companies improve their R&D capabili-
ties. Most global firms have established Asian-based manufacturing, engineering,
and R&D operations, principally in Japan and Taiwan. The lighting industry also
has developed a vertically specialized structure, with firms specializing in R&D,
production, packaging, and other functions within the value chain.

Pharmaceuticals

The structure of the U.S. pharmaceutical industry has been transformed
since 1990 by the rise of biotechnology and intensified competition from global
generic manufacturers. Innovative activity in the industry (measured in terms of
industry-financed R&D investment and patenting) is concentrated in the United
States, some European Union countries, and Japan. U.S. pharmaceutical firms
have been leading investors in offshore R&D, which has been concentrated in
high-income economies, since the 1980s. Important economic factors, such as
localized knowledge spillovers, intellectual property protection, and government
policies related to price regulation, state procurement of drugs, and health and
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safety regulation, have helped to reinforce this geographic concentration of inno-
vative activity. Nonetheless, increasing vertical specialization within the industry,
as well as improvements in the scientific and engineering capabilities of nations
such as India, has been associated with shifting some innovation-related activities
to offshore sites. Thus far, the innovation-related activities that have experienced
some movement include manufacturing process innovation and clinical trials
management.

In some respects, the trends in offshore movement of pharmaceutical R&D
resemble those in the U.S. software industry in the early 1990s. U.S. firms con-
tinue to dominate the innovative efforts of the industry, a position that has been
reinforced considerably by large public investments in biomedical R&D in aca-
demic and government research facilities. The U.S. market is also an attractive
site for product innovations, given the minimal price controls that characterize
it at present.

Biotechnology

Although it has attracted a great deal of attention from policy makers, in-
vestors, and entrepreneurs, the U.S. biotechnology industry employs a relatively
small number of individuals overall, and even fewer scientists and engineers. The
industry consists of several distinct segments that span biomedical, industrial,
and agricultural biotechnology. Development of the industry has been dominated
by biomedical applications, for which prices and profits tend to be greatest. The
biomedical segment is concentrated in particular regions in the United States
and Western Europe, reflecting the importance of the interaction of biomedi-
cal biotechnology firms with science-based university research. Although many
countries around the world now “host” a biotechnology industry (of varying im-
portance), biotechnology activity within most of these nations is often centered
in a single metropolitan area. Nevertheless, an increasing number of distinct loca-
tions in the United States and an increasing number of countries support modest
to significant biotechnology activity.

Vertical specialization has played an important role in the development of
the biomedical segment in particular, since many new firms in this segment serve
as “research boutiques,” conducting R&D in new drugs that are subsequently
developed for commercial purposes by larger pharmaceutical firms. The biotech-
nology industry itself has experienced considerable vertical specialization, and
(as in other industries examined in this volume) the development of a vertically
specialized structure has tended to support the globalization of innovation-related
activities. Based on its large academic and public biomedical R&D infrastructure,
however, the United States remains the dominant location for advanced R&D and
product development in the industry, and the growth of offshore R&D and related
activities is likely to have a minor impact on U.S. employment in this industry
for the foreseeable future.

Copyright © National Academy of Sciences. All rights reserved.



Innovation in Global Industries: U.S. Firms Competing in a New World (Collected Studies)
http://lwww.nap.edu/catalog/12112.html

8 INNOVATION IN GLOBAL INDUSTRIES

Logistics

The logistics industry manages the planning and control of the flow and stor-
age of goods, services, and related information between the point of production
and the point of consumption. The industry has expanded rapidly since 1990,
in parallel with the globalization of manufacturing, and now includes a large
number of specialized firms. Innovation in logistics frequently occurs in response
to new customer requirements, and this process in many respects resembles the
“co-invention” activity that typifies innovation in computer software. Advances
in supporting technologies, such as information technology and communications,
are another important source of innovation in logistics.

Close interaction between the developers and users of logistics services is
essential to innovation, and the global spread of logistics networks has been
associated with growth in the offshore innovation-related activities of U.S. and
non-U.S. logistics firms. Nevertheless, analysis of logistics-related patents indi-
cates that U.S. logistics firms specializing in information technology (IT)-related
software and services remain dominant within the industry. As the logistics
industry develops a more global structure, the role of governments in creating
and enforcing intellectual property protection, in reducing trade barriers and stan-
dardizing import rules, and in supporting the training of managers, engineers, and
technicians capable of furthering innovation will grow in importance.

Venture Capital

The venture capital (VC) “industry” in its modern form emerged in the
United States during the post-1945 period. Although the industry now operates
globally, U.S. firms remain dominant. Globalization of the VC industry has oc-
curred through cross-border partnerships, the establishment by U.S. VC firms of
overseas offices, and expansion within the United States by foreign VC firms.
This process is likely to continue as countries develop clusters of technological
expertise that attract the attention and investments of VC firms throughout the
global economy, as multinational corporations acquire more foreign startups,
and as financial markets throughout the world develop sufficiently to support the
liquidation by venture capitalists of their investments. Indeed, in some important
respects, globalization of innovation in VC reflects the growth of innovation-
related entrepreneurship in other economies.

The primary focus of investments by U.S. and non-U.S. VC firms has been
the IT sector, including semiconductor, computer software, computer hardware,
and related industries. Indeed, the historic strength and innovative dynamism of
the U.S. IT sector is one factor behind U.S. VC firms’ dominant position in the
industry. Although the globalization of VC has not had negative consequences
for the U.S. innovation system, U.S. VC firms will continue to expand their off-
shore activities and support the creation of foreign startups that compete directly
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against U.S. firms in the IT and other high-technology sectors. The effect of these
investments will be strongly influenced by most economies’ evolving regulatory
and legal systems.

Financial Services

The rapid expansion in offshore investment in business process support by
U.S. financial services firms has led to increased innovation within these offshore
locations by subsidiaries of U.S. firms as well as independent providers of spe-
cialized services. The growth of vertical specialization within the global financial
services industry also has affected the structure of innovation-related activities.
There are strong complementarities between process and product innovation in
this industry, but the offshore movement (mainly to Asian countries) of “back-
office” functions has supported increased offshore innovation in these processing
functions. Firms based in high-income markets such as the United States and
Europe remain the primary sources of product-oriented “customer-facing” inno-
vations, but market-mediated interaction between end users and providers is less
important to the process innovation activities of many of these offshore sites.

WHAT HAS CHANGED SINCE 1990?

These summaries of structural change in the innovation-related activities
of the industries examined in the volume highlight four broader trends: (1) the
growth of innovative capabilities in a number of foreign nations that 30 years
ago were classified as “developing economies,” (2) the growth of sophisticated
manufacturing and services-production activities in these and other economies,
(3) the growth of demand for cutting-edge technologies (particularly in IT) in
markets outside of the United States, and (4) the growth of “vertical specializa-
tion” in many knowledge-intensive industries. A discussion of each of these
trends follows.

Improved Innovative Capabilities in New Regions of the Global Economy

The first and perhaps most important of these trends is the growth of innova-
tive capabilities in countries such as China, India, Taiwan, and South Korea, none
of which were active in R&D or product development for global markets during
the 1960s and 1970s. In some of these countries, indigenous firms or subsidiaries
of foreign firms are performing fundamental research. In most of them, improve-
ments in innovative capabilities have enhanced the ability of these countries to
contribute to the design and development of advanced products, including those
in service-based industries such as financial services and logistics. Particularly in
India and China, advances in regional innovative capabilities have been associ-
ated with growth in domestic scientific and engineering workforces.
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With the important exception of India, whose role in the production of soft-
ware and services has assuredly expanded, the transformation of these countries’
innovative capabilities has been linked to growth in the domestic manufacture
(in some cases, in foreign-owned facilities) of products for global markets in
industries ranging from PCs to automobiles. And just as has been true of in-
novation in the industrial economies, the growth in innovation-related activities
within countries such as India, China, and Taiwan has been associated with
regional concentration and agglomeration—Bangalore, Shanghai, and Hsinchu
are examples of regional “high-technology” agglomerations in India, China, and
Taiwan, respectively.

Expansion of Production Activities Outside of the United States

A second factor in the transformation of the innovation processes in the
industries discussed in this volume is the expansion of production activities out-
side of the United States in these and other regions. The extent and timing of this
expansion of offshore production vary among industries (e.g., offshore produc-
tion is hardly a new feature of the automobile industry, but is less important in
biotechnology). In a number of industries, however, ranging from semiconductors
to flat panel displays and PCs, U.S. firms rely on sites outside of the United States
(through ownership or contracts) for a growing share of their production require-
ments. Much of this offshore expansion in manufacturing activity has occurred in
Asia and Southeast Asia, particularly in China, Taiwan, and South Korea. In the
flat panel display industry, growth in Asian production by U.S. firms and the entry
into production by Asian firms have “pulled” many innovation-related activities
(e.g., process innovation) to Asian sites. Increased offshore manufacturing by
U.S. semiconductor firms, by contrast, has had more modest consequences for
the location of innovation-related activities. There is little evidence of shifts to
offshore locations in the patenting activities of U.S. (or non-U.S.) semiconduc-
tor firms, and no evidence of offshore shifts in the location of process-innovation
activities of U.S. semiconductor firms.

Growth in global “production networks” in many of the industries discussed
in this volume has provided a powerful impetus for the expansion of logistics
that has in turn spurred and depended on significant innovation in the logistics
industry. Expanding offshore production and product-development networks in
industries such as semiconductors and software also has accelerated growth in
foreign nations’ VC industries.

The Changing Profile of Demand for Advanced
Products in Foreign Markets

Yet another influence on the movement of product design and development
activities away from the United States in industries such as software, semicon-
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ductors, and PCs is interregional shifts in the scope and sophistication of con-
sumer demand. Consumer markets for wireless and digital devices in countries
such as South Korea, for example, are growing more rapidly than are similar
markets in the United States. Equally important is the fact that many consumers
in these markets (including firms producing advanced electronic-systems prod-
ucts) demand more advanced applications than is true of consumers elsewhere
in the global economy. Users play a crucial role in demanding and in some cases
developing or “co-inventing” new applications in the aforementioned industries,
as well as in logistics. Firms seeking to exploit and develop new applications for
these dynamic user-driven markets typically must locate a portion of their prod-
uct development and design activities within these markets. In industries such as
semiconductors, U.S. firms’ offshore design activities rely on close contacts with
local firms who design and produce the new consumer products that incorporate
advanced semiconductor components.

The “product cycle” model that influenced academic analysis of U.S. firms’
offshore manufacturing and R&D activities during the 1960s (Vernon, 1966)
posited that U.S. firms developed and introduced their most advanced products
within their domestic market before marketing and (eventually) manufacturing
these products offshore. Although product demand in a number of the indus-
tries examined in this volume remains important, several of the most advanced
markets in these industries now are located in foreign economies and, therefore,
attract increased investment by U.S. firms seeking to develop advanced products.
In effect, the product cycle has been reversed, with important implications for the
location by U.S. firms of their product development activities.

Increased “‘Vertical Specialization”

Structural change in the industries examined in this volume has influenced
the shifting structure and location of innovation-related activities. Perhaps the
most pervasive and important type of structural change, one that is observed in
industries ranging from PCs to pharmaceuticals and biotechnology, is vertical
specialization—the development of an industry structure populated by firms
that specialize in one or a limited set of activities who contract with other firms
that specialize in different activities within the industry. For example, one group
of firms in the pharmaceutical industry now focuses on drug discovery and
contracts with other firms for drug development (e.g., clinical trials) and post-
approval marketing. In semiconductors, manufacturing “foundries” collaborate
on a contractual basis with “fabless” semiconductor firms that specialize in de-
sign and marketing of semiconductor components. This type of contract-based
collaboration among specialized firms differs considerably from the operations
of firms that are vertically integrated in all functions ranging from R&D through
manufacturing to marketing.

In many industries, vertical specialization has developed in parallel with (and
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in many cases has accelerated) global shifts in production activities. The manu-
facturing specialists in semiconductors are largely located in Asia, whereas fab-
less semiconductor firms remain largely based in the United States. Similarly, the
systems architecture, software operating systems, and semiconductor components
within PCs are designed in the United States, but almost all production activity is
located offshore and managed by firms not affiliated with the U.S. semiconduc-
tor or software enterprises. Moreover, the offshore manufacturers of PCs rely on
specialized suppliers of components ranging from disk drives to displays.

Vertical specialization thus far has had varied effects on the location of
innovation-related activities in the industries discussed in this volume. Although
flat panel display production is located almost entirely outside of the United
States, U.S. firms retain important roles in technology development (including
investing in U.S.-based R&D) as suppliers of specialized inputs and equipment.
In PCs, vertical specialization has been associated with the geographic separation
of manufacturing from high-level design activities. Although some semiconductor
design activities have migrated to the East Asian sites where the bulk of special-
ized semiconductor producers are located, U.S. sites retain an important role in
advanced design activities. The location of U.S. pharmaceuticals and biotechnol-
ogy R&D does not appear to have shifted in response to growing offshore drug
production and marketing activities.

In some industries, the factors determining the location of advanced R&D
activities seem to differ significantly from those influencing the location of manu-
facturing. In semiconductors and pharmaceuticals, vertical specialization has
supported the formation of new U.S.-based firms whose business models rely on
collaboration with offshore manufacturers. Vertical specialization also has aided
the growth of innovation and globalization in financial services and logistics by
facilitating the complex web of transactions that underpin the structure of these
industries. But in other industries, such as lighting, shifts in the location of pro-
duction have had significant implications for the location of innovation-related
activities.

WHAT HAS NOT CHANGED?

Although many aspects of the innovation process in the industries examined
in this volume (as well as many others) have undergone significant change since
1990, the broad economic and policy challenges associated with such structural
change have changed little. In most of these industries, U.S.-based firms continue
to perform the majority of their (most advanced) R&D within the United States.
Inventive activity, as measured by the location of inventors for U.S. patents filed
by U.S.-based firms, remains remarkably “homebound” in industries such as
biotechnology, pharmaceuticals, semiconductors, and software.?

%Indeed, patent-based indicators suggest that the inventive activity of foreign-based firms in these
industries also remains concentrated in their home countries.
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Nevertheless, in other industries, a growing share of the R&D and inventive
activity at the technological frontier now appears to be located outside of the
United States. In the lighting and flat panel display industries, non-U.S. firms
and nations have become more prominent innovators since 1990. Moreover, even
within industries such as software or semiconductors, in which the inventive
activity of U.S.-based firms appears to be concentrated in the United States, a
substantial (and poorly measured) portion of the design and development of new
products has moved offshore, either to exploit lower labor costs or to collaborate
more closely with innovative users. As we noted earlier, however, the ability to
exploit offshore innovative talent has supported the entry and growth of numerous
U.S. firms pursuing new business models and technology strategies.

Thus, economic change has affected the structure of the innovation pro-
cess in all of the industries studied. The characteristics of structural change in
virtually all of these industries resemble those emphasized in the analyses of
U.S. competitiveness highlighted earlier: Industries and activities in which U.S.
workers (defined in this case to include scientists and engineers) add less value
are the most vulnerable to foreign competition and the most likely ones to move
to foreign sites. The improved capabilities of scientists and engineers in many
of these foreign locations, the identity of these locations themselves, and the
changing outlook of demand and growth in the U.S. and foreign markets, how-
ever, may be causing more rapid shifts in competitive advantage and affecting a
broader range of activities, including innovation-related activities, than in earlier
decades. Nevertheless, the fundamental conclusion remains unchanged: For U.S.
firms, consumers, and workers to profit from the expanding opportunities in the
global economy, their innovative and productivity performance must continue to
improve; the U.S. economy must remain open to inflows of goods, technology,
and capital; and the infrastructure underpinning the domestic U.S. R&D “system”
must remain highly innovative and attractive as a site for investment by U.S. and
non-U.S. firms alike.

Another important element of continuity that contemporary analyses of in-
novation and globalization share with earlier discussions of this topic is the poor
quality of the data on which they rely. As the previous STEP Board study (U.S.
Industry in 2000) noted, restructuring in the domestic and international R&D sys-
tems means that conventional R&D investment data are less reliable as a guide to
structural change in the innovation process. The R&D investment data collected
by the National Science Foundation (NSF) and other public statistical agencies
in the United States and other industrial economies arguably do not include a
number of the activities (e.g., product design, or spending by firms on acquisi-
tions as a means of gaining access to new technologies or capabilities) that play
a central role in the innovation process of the 21st century. Moreover, the NSF
data provide limited information on the international dimensions of R&D invest-
ment by U.S. and non-U.S. firms. These problems with the R&D investment data
have been the subject of a number of studies by the STEP Board, the National
Research Council, and other expert panels, but the fact remains that much of the
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analysis of globalization in the innovation process is hampered by limited, dated,
and imperfect data and indicators. These data limitations are especially serious
for service-based industries, which have expanded their investment in R&D and
offshore production significantly since 1990.

A number of the chapters in this volume rely on patent data to supplement
the limited R&D investment data available for their industry. Patent data have a
number of advantages, including their disaggregation into specific technology
classes, and their reporting of both the assignment and geographic location of
the patent owner(s). Nevertheless, patents have important disadvantages as well.
They measure inventive activity, which is an important input to the overall pro-
cess of commercial innovation, but do not measure the output of the innovation
process. The coverage by patents of even inventive activity within different indus-
tries and technology classes also varies, as does their commercial and economic
value among fields of invention. Equally important is the fact that the grant of a
patent follows a period of review of the patent application that typically takes at
least 18 months and frequently requires 3 to 5 years. Therefore, patent data pro-
vide a “retrospective” measure of inventive activity occurring as many as 5 years
ago, and this inventive activity itself results from investments in R&D and other
activities made still earlier. Although patent data represent a valuable additional
set of indicators of innovation-related activities in a much more complex global
economic environment, their limitations must be kept in mind.

Yet another area in which the quality of available data makes it difficult to
draw definitive conclusions is the effects on domestic scientific and engineering
employment from the globalization of innovation-related activities that is occur-
ring in many of these industries. Data on industry-wide employment trends for
scientists and engineers in many of these industries (e.g., logistics, venture capi-
tal, PCs, software) do not exist, reflecting the complex structure of the industries
and the outdated structure of publicly available data on industry employment.
Moreover, the central topic of these chapters is not shifts in the location of these
industries but shifts in the location of specific functions within these industries.
And many of the trends described in these chapters (e.g., greater reliance on
advanced information and communications technologies, vertical specialization)
facilitate the geographic separation of different activities within industries, rather
than the relocation of entire industries.>

3The distinction is an important one, since the gloomy predictions made by Freeman (2005) and
others assume that the United States will lose its historic dominance in knowledge-intensive industries
as a result of the growing technological and scientific capabilities and workforce in nations such as
India and China. What these chapters indicate is that some specific functions (e.g., product manufac-
ture, software coding, product development) may shift to offshore locations. But these shifts need not
pull other knowledge-intensive activities in their wake, and in some cases (as in semiconductors) these
shifts in location create opportunities for the growth of new firms in the United States. The Freeman
predictions cannot be dismissed, although Branstetter and Foley (2007) present a more skeptical view
of the current level of MNE R&D and innovation within China. Nevertheless, the trends described in
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The chapters in this volume on semiconductors, software, and PCs all con-
clude that the employment consequences for scientists and engineers from the
restructuring of innovation-related activities thus far are modest and not clearly
negative or positive. Indeed, leading U.S. firms in these IT-related industries con-
sistently complain about the lack of sufficient immigration visas to hire foreign-
born engineers needed to address shortages (Lohr, 2007).* It is also difficult if not
impossible to separate the “contributions,” negative or positive, to scientific and
engineering employment of the globalization of an industry’s innovation-related
activities from myriad other factors.

Overall, therefore, the data underpinning the conclusions of all of the chap-
ters in this volume provide a clearer understanding of the past than they do of the
future. Although the nature of the innovation process is such that the near-term
future is not likely to differ radically from the recent past, the fact remains that
the data underpinning detailed industry studies such as these provide a limited
foundation for forecasts.

POLICY ISSUES AND CHALLENGES

The fundamental challenges for policy created by the processes of globaliza-
tion described in this volume have changed little from those described in stud-
ies of this topic that date back to the 1960s and 1970s. To preserve and expand
employment in the functions and professions that benefit from the globalization
of innovation, the United States must sustain the high levels of innovative perfor-
mance that have supported the competitiveness of U.S. industry and have made
the United States a major destination for R&D investment from foreign firms.
Among other things, this goal means that support for the “R&D infrastructure”
that decades of public and private investment have created must be strengthened.

this volume reflect a different process of economic change. Indeed, it is highly plausible that stronger
scientific and engineering capabilities in India and China will produce effects similar to those ob-
served after Japanese and European “convergence” with U.S. levels of innovation-related expertise,
as Bhagwati et al. (2004) point out: “When the revival of Europe and Japan brought their skill levels
closer to those of the United States, the gains from trade induced by ‘factor endowment differences’
were increasingly replaced by gains from ‘intraindustry’ trade; for example, the United States now
specializes in high-end chips such as Pentium, while leaving more standard semiconductor chips to
foreign producers. Similarly, we can confidently expect ‘intraservice’ and ‘intraindustry’ trade to grow
between the United States on the one hand and India and China on the other as the latter acquire more
skills” (p. 108). Alternatively (and equally plausibly), one may observe growth in “intrafunction” trade
within such activities as new product development, based on the same factors.

“H-1B visas are given to foreign workers with high-technology skills or in specialty occupations
by the Citizenship and Immigration Services Agency. U.S. companies seek H-1B visas on behalf of
foreign scientists and engineers to fill hiring shortfalls, but Congress mandates that the Agency cap
the number of visas granted to 65,000. Some claim that U.S. H-1B visa policies are counterproduc-
tive and detrimental to U.S. technological and economic competitiveness, while others see them as
critical to protecting domestic workers.
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This infrastructure has supported investment and innovation by U.S. and foreign
firms in the industries examined in this volume, as well as others, and has yielded
great benefits to U.S. consumers.

Other developing and developed countries now recognize the importance
of such an infrastructure and, in many respects, are emulating U.S. policies by
making similar public and private investments. A failure by the United States
to maintain its commitment to the strength and quality of its public and private
R&D infrastructure could limit the benefits for U.S. citizens of the globalization
of innovation-related activities described in this volume. Here, as elsewhere, the
competitive dynamics should not be seen as a “zero-sum” competition—U.S.
citizens benefit from higher levels of R&D investment by foreign governments,
just as foreign citizens have benefited from U.S. public R&D investment. But
the mobility of innovation-related activities means that the United States must
remain an attractive site for these activities by U.S. and non-U.S. firms in order
to maintain employment opportunities for skilled personnel.

Beyond sustaining this infrastructure, however, public policies must ensure
that government R&D investments yield the highest possible public returns.
Achieving this goal means that university-industry research collaboration should
be supported by public policy, without imperiling the critical role of U.S. uni-
versities as educational institutions that produce world-class scientists and engi-
neers. Any obstacles to such collaboration imposed by shortsighted university
patenting and licensing policies also should be reviewed critically by university
administrators, industry managers, and policy makers.> As Thursby and Thursby
(2006) note, one of the most important influences on the location of multinational
corporations’ advanced scientific research facilities is proximity and access to
university researchers. U.S. universities, like U.S. firms, face growing compe-
tition from foreign institutions for industry-supported collaborative R&D and
must adjust their policies toward intellectual property management accordingly.
Policies that limit federal support for academic research on politically sensitive
topics such as embryonic stem cells also reduce the attractiveness of U.S. uni-
versities as research collaborators and therefore weaken the “magnetic force”
of these important institutional assets for R&D investment in the United States
from foreign sources.

Users of advanced technologies play an important role in innovation in many
of the industries examined in this volume, especially those in the IT sector. Prox-

S“Largely as a result of the lack of federal funding for research, American Universities have become
extremely aggressive in their attempts to raise funding from large corporations. . . . Large US based
corporations have become so disheartened and disgusted with the situation they are now working with
foreign universities, especially the elite institutions in France, Russia and China, which are more than
willing to offer extremely favorable intellectual property terms” (testimony before the Subcommit-
tee on Science, Technology, and Space, U.S. Senate Commerce Committee of R. Stanley Williams,
September 17, 2002; statement reproduced at http://www.memagazine.org/contents/current/webonly/
webex319.html; accessed April 2, 2005).
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imity to sophisticated users is an important factor in the decisions of U.S. firms
to locate a portion of their innovation-related activities offshore. An important
part of the R&D infrastructure that attracts (or retains) investment in innovation-
related activities supports user-driven applications in advanced technologies.
One of the most celebrated recent examples of investment in such infrastructure
was the public investment in the computer-networking infrastructure (originally
referred to as ARPANET) that laid the foundations for the Internet. U.S. policy
supported public and private investments in the networking technology and
infrastructure, and U.S. trade policy encouraged widespread imports and adop-
tion by users of low-cost desktop computing hardware. These policies helped
create a large domestic “testbed” for demanding users of computing technology
to develop new applications, which in turn helped propel the explosive growth
during the 1990s of commercial investment in Internet-related firms (Mowery
and Simcoe, 2002).

One contemporary (and closely related) equivalent to the computer-networking
infrastructure of the ARPANET and NSENET is broadband communications
technology, which remains less widely available in the United States than in
other (notably Nordic) nations (Turner, 2006). Moreover, differences in such
access between urban and rural users depress the size of the domestic market for
advanced applications developed on this testbed by innovative users. Broadband
access is an indispensable foundation for continued growth in the user-driven in-
novation that now is prominent in many of these industries. In this area, as well
as others affecting the viability of user-led innovation, public policy and private
investment should support the development of widely accessible testbeds for
sophisticated users to develop new applications and business models. Such an
infrastructure could support the development of new firms and industries from
domestic sources, investments in related fields from foreign firms, and continued
innovation and growth in the U.S. economy.

The broader process of economic globalization, of which the restructuring of
innovation-related activities is one part, is on the whole beneficial for the United
States. Consumers benefit from higher-quality, lower-cost, and more innovative
products; employees benefit from the ability to exploit their skills in a global
rather than a domestic market; firms benefit from lower costs and economies of
specialization through vertical specialization and increased collaboration; and the
processes of trade liberalization can have beneficial political consequences for in-
ternational relations as well. In addition, of course, literally millions of non-U.S.
citizens benefit from the expanded economic opportunities in their home nations
provided by the process of economic globalization.

Nevertheless, the distributional consequences of trade liberalization and
globalization are significant, and, in a democracy, the political effects of worker
displacement and flat or declining wages can intensify resistance to trade liberal-
ization. These concerns are affected much more by relocation of manufacturing
and services employment, rather than by change in the structure of innovation-

Copyright © National Academy of Sciences. All rights reserved.



Innovation in Global Industries: U.S. Firms Competing in a New World (Collected Studies)
http://lwww.nap.edu/catalog/12112.html

18 INNOVATION IN GLOBAL INDUSTRIES

related activities, and raise issues that go far beyond the focus of the studies
in this volume. Nevertheless, in the absence of more effective policies within
the United States to address the legitimate concerns and needs of the domestic
economic “losers” from globalization, political resistance to policies seeking
to further liberalize international flows of trade and investment seems likely to
grow. And such political resistance has the potential to undercut the globaliza-
tion in innovation-related activities that has proven highly beneficial to U.S. and
non-U.S. citizens alike.
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INTRODUCTION

August 2006 marked the 25th anniversary of the release of the original IBM
personal computer (PC), the product that defined the standards around which a
vast new industry formed. Unlike the vertically integrated mainframe industry,
the PC industry consisted of a global network of independent suppliers of sys-
tems, components, peripherals, and software (Grove, 1999; Dedrick and Kraemer,
1998). The key factor shaping the industry’s structure was the design of the IBM
PC as a modular, open system with standard interfaces, which allowed many
newcomers to enter the market by specializing in one industry segment and de-
veloping innovations that could be integrated into any IBM-compatible system.
It also permitted producers of parts, components, and systems to achieve global
economies of scale as most of the world adopted the IBM standard. In time,
desktop PCs were joined by portable laptop/notebook PCs and PC servers as the
industry innovated on this common standard.

Today, the core personal computing industry includes not only traditional
desktop and laptop PCs and PC servers but also smart handheld devices such as
personal digital assistants (PDAs) and smart phones. This core industry is sup-
ported by a large number of component suppliers, manufacturing services and
logistics providers, distributors, retailers, service specialists, and others. These
companies also support other segments of the electronics industry, and so are
counted here not as part of the PC industry but as part of its overall production
and innovation network. This network not only supports innovation in the core
industry segments but also provides the necessary infrastructure for innovations
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in newer product categories such as ultramobile PCs, MP3 players (e.g., the
iPod), and smart phones.

Worldwide revenues for the core PC industry totaled $235 billion in 2005:
$191 billion in desktop and portable PCs, $28 billion in PC servers, and $16 bil-
lion in smart handheld devices (IDC, 2006a). In addition, PC software accounts
for about half of the packaged software industry, whose 2006 sales were $225
billion, and PC use also drives sales of information technology (IT) services and
of other hardware such as storage, peripherals, and networking equipment (IDC,
2006¢).

The PC has undergone considerable innovation and change since it was first
introduced. The traditional PC is no longer expected to be the sole locus of inno-
vation in the future, but simply one of many devices “orbiting the user” (Econo-
mist, 2006). Communications devices (phones, PDAs) have acquired computing
capabilities and people now send e-mail with a BlackBerry or download music
on a mobile phone. Digital photos can be transferred from a camera to a PC and
uploaded to a website, transferred directly to a printer, or shot and e-mailed with
a mobile phone. And although the traditional desktop and laptop PC is becoming
less central to all computing activities, over 225 million PCs were sold in 2006
and the PC is often the first place to find innovations that may migrate later to
other devices.

As important as product innovation has been, equally important is the steady
price declines in recent years, which have brought PCs within the reach of more
of the world’s population. Emerging markets such as China and India are growing
much faster than the more mature developed markets, and PC makers have begun
to focus on innovation that addresses the needs of those markets at low prices.
Globalization of production has been credited for making computer hardware 10
to 30 percent cheaper than it would be otherwise (Mann, 2003). The availability
of ever cheaper, smaller, and more powerful hardware has continued to expand
the market and has stimulated ongoing innovation in hardware, software, and
services.

Although globalization has been a major factor in the growth and innovation
of the PC industry, it raises issues for U.S. companies, government and other
institutions, and workers. U.S. PC makers are struggling to eke out a profit in an
environment of falling prices and intense international competition. Government
policy issues include tax incentives, antitrust, immigration, and market access.
Universities must ensure that they are training people with the skills that industry
needs, and workers must invest their own time and money to acquire those skills
even as more highly skilled knowledge work is moved offshore.

The impacts of globalization have been debated extensively. An optimistic
view is that U.S. firms are outsourcing and offshoring lower-end manufacturing
and routine engineering work, freeing resources to focus on more dynamic in-
novation that will sustain profitability and create new jobs in the United States.
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A more pessimistic view is that innovation will follow manufacturing offshore,
leaving U.S. firms uncompetitive and draining the United States of the innovation
that drives growth and employment (Kotkin and Friedman, 2004).

While macro-level data can be useful in analyzing the impacts of globaliza-
tion, trends and impacts can be easier to spot at the industry level, especially
when looking at more dynamic industries where change is happening faster.
Personal computing is one such industry. Therefore, this chapter examines the
globalization of innovation in the PC industry, its causes, its impacts, and its strat-
egy and policy implications. The focus is mainly on innovation-related activities
in U.S.-branded PC companies set in their global context; it is not an analysis of
PC companies in other economies such as Japan, Taiwan, or China, although it
brings them in as part of the global supply chain and the competitive context.

This chapter is a fact-based analysis grounded in over 200 personal inter-
views with industry executives in the United States and Asia, data from the In-
ternational Data Corporation (IDC), Taiwan’s Market Intelligence Center, Reed
Electronics Research and other sources, published empirical research, and our
study of the industry for over 20 years.

We find that the global division of innovation-related activities can be char-
acterized as follows: component-level research and development (R&D), concept
design, and product planning are performed mostly in the United States and
Japan; applied R&D and development of new platforms mostly take place in
Taiwan; and product development for mature products and a majority of produc-
tion and sustaining engineering are performed in China.

U.S. PC firms have benefited from this international division of labor, which
has supported rapid innovation and quicker integration of new technologies into
their products. The growing demand for smaller, more mobile products plays to
U.S. firms’ strengths in product architecture and early-stage development. Their
bigger problem is earning profits from innovation in an industry dominated by
Microsoft and Intel, who capture very high profit margins thanks to their control
of key standards. From the perspective of U.S. knowledge workers, the situation
is more mixed. The shift in production away from the United States has pulled
many new product development jobs to Asia, whereas design and early-stage
development work has remained largely in the United States. Still, the new jobs
created by the industry’s growth are largely outside of the United States. Finally,
consumers in the United States have been clear beneficiaries of the very low cost
structure that globalization has produced in PCs as average selling prices have
been reduced continually.

Following this Introduction, the structure of this chapter is as follows. The
section “Innovation in the Industry” analyzes the nature of innovation in PCs and
how production and innovation are organized across the value network. “Chang-
ing International Structure of Demand and Supply” describes international trends
in PC demand and production. The fourth section, “Globalization of Innovation,”
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reviews the global structure of innovation in the PC industry and the factors driv-
ing globalization. “Implications of Globalization of Innovation” considers the
implications of the foregoing trends for firm strategy and U.S. national policy.

INNOVATION IN THE INDUSTRY

The PC industry has introduced many innovations in its 25-year history.
Product innovation includes the creation of new product categories such as
notebook PCs and PDAs, as well as the creation of new product platforms such
as multimedia PCs and wireless “mobility” notebooks. The scope and outcome
of product innovation in PCs is shaped by the presence of global architectural
standards set originally by IBM and now largely controlled by Microsoft and
Intel. Common interface standards enable innovators to reach a global market
with standard product lines; thus, economies of scale can be achieved to support
investments in product development and manufacturing capacity. This is different
from other industries, such as mobile phones or video games, in which multiple
incompatible standards exist. An example of the benefits of standardization is the
acceptance of 802.11 as a common standard, which spurred the introduction of
wireless networking as a standard feature on notebook PCs. On the other hand,
standardization battles can constrain innovation because PC makers are reluctant
to incorporate technologies before a standard is set, as is the case with second-
generation DVD technology.

When PC makers do innovate, they face hard choices in trying to capture
profits from their innovations. One alternative is to incorporate the innovation
only in their own products to differentiate their PCs from those of competitors,
but there is a question of whether they can convince customers to pay for the
differentiation and also whether customers will want to adopt a nonstandard
technology. Another is to license the technology broadly, which might bring in
license fees and even establish the technology as an industry standard, but which
will eliminate product differentiation. One current example is Hewlett-Packard’s
(HP’s) Personal Media Drive (PMD), a portable hard drive that slides into a spe-
cial slot in HP Media Center PCs. HP incorporated the special slot into some of
its own products, while letting customers connect the PMD to competitors’ PCs
using a slower USB connection, thus differentiating HP’s PCs. By contrast, HP
has licensed its LightScribe technology, for labeling DVDs and CDs, to other
PC makers. In either case, it can be difficult to translate innovation into profits
sufficient to justify the R&D effort.

Despite these challenges, which may discourage more fundamental product
innovation, PC makers are pushed to incremental innovation by component
makers (such as for semiconductors, storage, or power supply) who introduce
frequent changes in their products (faster speed, greater capacity, smaller form
factor, longer life) in efforts to gain greater market share within their industry
sector. They also are pushed by consumers who want the latest technologies. PC
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makers feel they have to adopt these often-incremental changes rather than risk
being left behind by a competitor that does adopt.

As a result, PC makers have tended to concentrate on operational efficiency,
marketing, and distribution rather than trying to use product differentiation as a
source of sustainable competitive advantage (Porter, 1996). Product innovation
at the system level tends to be incremental and emphasizes developing slightly
different products for narrowly defined market niches, such as PC gamers who
demand high performance or business travelers who desire ultralight notebooks,
rather than more distinctively innovative products.! Instead, most product innova-
tion occurs upstream in components and software, which are then incorporated
by PC makers.

Consistent with the emphasis on efficiency and distribution, the industry has
introduced business process innovations such as outsourced manufacturing, using
the Internet as a direct sales channel, vendor-managed inventory, third-party lo-
gistics, and build-to-order (BTO) production. At the plant level, some firms have
replaced assembly lines with small production cells to facilitate BTO production
and have adopted process improvements such as reducing the number of steps
and improving quality in final assembly. They also have employed a range of in-
formation technologies such as shop floor management systems, bar coding, and
automated software downloads to improve manufacturing performance (Kraemer
et al., 2000). However, while early adoption of these innovations benefited some
companies, particularly Dell Inc., competing PC makers have since adopted these
and other process innovations and closed the gap on key measures such as inven-
tory turnover and time to market for new products (Dedrick and Kraemer, 2005).
Today, most companies use a mix of build-to-forecast and BTO processes that is
optimal for their targeted markets. The result is greater efficiency in the industry
as a whole, but the biggest benefits have not gone to the PC makers. They have
mostly gone to consumers in the form of lower prices, and to Microsoft and Intel,
as software and microprocessors account for an ever greater share of the total
cost of a PC.2

To understand innovation in the industry, it is important to look at the struc-
ture of the innovation network, the innovation processes, the key personal com-
puting products, and interdependencies among innovation processes, products,
and the structure of the network.

!An exception is Apple, which emphasizes attractive design and close integration of hardware and
proprietary software in its products. While this has been very successful in its iPod line, Apple’s mar-
ket share in PCs is under 4 percent worldwide, so it is unclear that its innovative PCs have done more
than satisfy a small core of Mac users who are willing to pay a premium for its products. By adopting
Intel processors for all of its products, Apple has abandoned its proprietary hardware platform in favor
of global economies of scale and greater compatibility with Windows PCs.

“Even these two face challenges: Intel from AMD and Microsoft from Linux in one product cat-
egory (servers).
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The Innovation Network

The PC industry’s innovation network consists of component makers, con-
tract manufacturers (CMs) and original design manufacturers (ODMs), branded
PC firms, distributors, and resellers (Figure 1).3

The industry can be characterized as horizontally specialized, with the branded
firms as the “system integrators” doing design and outsourcing development and
production to CMs or ODMs. There are less than a dozen globally competitive
PC makers and many smaller local assemblers, supported by another dozen ma-
jor CMs and ODMs. There are several major suppliers of most key components
(e.g., motherboards, hard drives, displays, optical drives, memory, and batteries).
Farther upstream in the supply chain, there are several thousand suppliers of less
expensive parts and components, most of which are small- and medium-sized
firms. Distribution is mostly decentralized and local, although there are a few large
distributors who operate internationally such as Ingram Micro, Tech Data, and
Arrow Electronics. Our main focus in this chapter is on the branded PC vendors
and ODMs who collaborate to bring new products to market using components
from upstream suppliers.

Most R&D is done upstream in the industry—by the suppliers of micropro-
cessors, software, peripherals, and components. This innovation is global in the
sense that there are major component makers in the United States (microproces-
sors, graphics, memory, hard drives, networking, software), Japan (liquid crystal
displays [LCDs], memory, hard drives, batteries), Korea (LCDs, memory), and
Taiwan (LCDs, memory, optical drives, power supply, various peripherals).
However, although some companies have set up R&D labs around the world,
most R&D is still done in the home country. Some PC makers such as HP,
Toshiba, Sony, and Samsung also make components and peripherals, but these
are generally done in separate business units who sell to competing PC makers
as well as their internal PC units.

The pace of this upstream innovation is a major factor shaping innovation
by branded PC vendors who innovate through “systems integration.” The PC
vendors identify new product markets and design systems that incorporate new
technologies to serve those markets. For instance, PC makers identified mobile
PC users who want network access without having to plug into a phone line or
local area network. This capability was made possible when wireless networking
technologies such as WiFi were introduced by component makers. It was then
up to PC makers to incorporate the technology into their products. More impor-

3The terms contract manufacturer and original design manufacturer are used commonly, but
not always consistently, in the electronics industry. Contract manufacturers provide a range of
manufacturing services, including subassembly, final assembly, logistics, and even customer service.
Original design manufacturer is a term coined in Taiwan when its contract manufacturers began
to offer product design and engineering as well as manufacturing of notebooks, motherboards, and
other products.
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FIGURE 1 The PC industry innovation network. SOURCE: Adapted from Curry and
Kenney (1999).

tant, they had to introduce a new technology at a time when the infrastructure
to support wireless networking was nearly nonexistent, hoping that this would
create the impetus for firms and consumers to invest in wireless networks. Apple
initially jumped in by incorporating 802.11 wireless technology in all of its note-
books, and was soon followed by other PC makers. Soon, wireless networks were
available in offices, homes, schools, airports, and coffee shops around the world.
Apple’s early decision was very risky, as there were few networks available, but
taking the risk helped to create the market for them.

The creation of new markets by PC makers, in turn, can shape the direction
of upstream innovation in components. For wireless notebooks, PC vendors had
to decide which networking standard(s) to incorporate as well as find components
with low power consumption, longer battery life, and light weight. Available
components seldom meet all these needs, so the lead PC vendors each developed
their own product roadmaps, which signal to the component suppliers where the
firm is headed, the target markets and expected volumes, and the price and per-
formance of components needed to succeed. By doing so, they provided advance
knowledge to the upstream suppliers who could respond in terms of feasibility,
aggregate demand across PC vendors, plan for the coming changes, and inform
their own suppliers. These PC maker roadmaps, which are different from those

Copyright © National Academy of Sciences. All rights reserved.



Innovation in Global Industries: U.S. Firms Competing in a New World (Collected Studies)
http://lwww.nap.edu/catalog/12112.html

26 INNOVATION IN GLOBAL INDUSTRIES

provided by Intel and Microsoft to the PC makers, are essential to knowledge
integration along the supply chain.

Innovation Processes

Product innovation in the industry occurs through two broad processes—
R&D and new product development. R&D is an ongoing activity that generates
knowledge that can be applied to multiple products. New product development is
a multistage process of design, development, and production that creates physical
products for target markets.* Although conceptually distinct, there is often a close
interaction between the two in practice. New product development integrates
knowledge developed by R&D, and R&D is often called on to solve a specific
problem in product development. Given that most R&D is done upstream by
the component suppliers, the process of knowledge integration occurs between
the supplier and the PC maker. The focus is on knowledge needed to integrate
a standard component, but occasionally it involves customization or even more
intensive joint development. This is especially the case when an entirely new
product is being created, such as the wireless notebook that requires integration
of communication technologies, or in the case of a new product category such
as the Apple iPod.

Products and Innovation Activities

Although new form factors are emerging, desktops and notebooks remain
the leading products in the industry, with important differences between them
that affect innovation activities. For desktops, product innovation mainly cen-
ters on conventional systems integration—incorporating new parts, components,
and software into a system and ensuring that they work together. The system is
largely standardized with respect to components, parts, and interfaces. So in-
novation involves the selection of components to be included for different target
markets (e.g., home, office, game, “value” or “power” user). Most use a standard
full tower or midtower chassis with industrial design applied mainly to the bezel
(face) to reflect a certain brand image. A few newer models aimed at consumers’
living rooms have moved away from the “beige box” to smaller and more stylish
designs with unique chassis and industrial designs. PC vendors generally keep
concept design and product planning in-house for close control over brand image,
user interface, features, cost, and quality. Outsourcing of physical development
has occurred in a series of steps since the mid-1990s—first motherboard design,
then mechanical design, system test, and finally software build and validation.

“A detailed discussion of these phases and the activities within each is provided by Dedrick and
Kraemer (2006b).
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Intel facilitated this trend by providing support and reference designs to ODMs
who develop motherboards and full systems.

For notebooks, innovation involves high-level system integration with com-
plex mechanical, electrical, and software challenges. Design of such a small form
factor presents special challenges with respect to heat dissipation, electromag-
netic interference, and power consumption, while the need for portability requires
greater ruggedness. Although components such as disk drives and flat panels are
mostly standardized, notebooks involve many custom parts. For example, to fit
the modular components within the notebook chassis, the motherboard and bat-
tery pack may have to be customized for each notebook model. The chassis and
other mechanical parts require custom tooling.

PC vendors usually keep notebook design in-house but coordinate physical
development jointly with the ODM because there is a strong interdependency
between the physical product development and manufacturing. It is critical that
product development take manufacturability into account from the beginning;
otherwise a product may be developed that cannot be produced at the neces-
sary volume, cost, or quality. Most notebook PCs are designed to be built in a
particular assembly plant with specific manufacturing process requirements. As
a result, product development and final assembly are almost always handled by
one company. In some cases, this means the PC maker keeps both in-house. In
most cases it means outsourcing both development and manufacturing of each
model to a single ODM.

Thus, the interdependencies of PC form factors and new product develop-
ment (NPD) activities have led to different organizational arrangements for
desktops and notebooks (Figure 2). Because desktops are less complex and more
standardized, a complete product specification can be handed off for develop-
ment and production to ODMs, or a fully developed product can be turned over
to a CM for manufacturing. However, because of their greater complexity and
customization, notebooks tend to be designed and developed jointly by the PC
vendors and ODMs.

R&D NEW PRODUCT DEVELOPMENT

Design Development Production

MS/Intel, PC

Notebook Components vendors ‘ ODMs
MS/Intel, PC

Desktop Components vendors CMs/ODMs

FIGURE 2 Organization of innovation for desktops and notebooks.
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As a result of the interdependencies in notebook PC development, leading
PC makers HP and Dell have set up design centers in Taiwan to work closely
with ODMs, whereas others frequently send staff from the United States. The
ODMs may divide product development and manufacturing between Taiwan and
China but keep very close interaction between the two locations. For desktops,
it is easier to separate development and manufacturing geographically as well as
across firm boundaries.

CHANGING INTERNATIONAL STRUCTURE
OF DEMAND AND SUPPLY

Trends in Demand

PC demand has been shifting steadily for over a decade toward smaller, more
integrated, and more communications-oriented products. The global demand for
PCs is changing in terms of form factor, commercial versus consumer markets,
and regional consumption. Portable devices (laptops and notebooks) are the fast-
est growing form factor, totaling 32 percent of unit demand in 2005 compared
to just 10 percent in 1990 (Figure 3), and are expected to exceed desktops in the
next 5 years (IDC, 2006b). Other portable devices such as smart phones have seen
rapid growth as well. This means that there will be more demand for complex
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FIGURE 3 Global demand for desktops and portables, 1990-2005 (percent of units sold).
SOURCE: Juliussen (2006).
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innovation in concept, design, and engineering in the future and that coordination
among these stages will have to become closer.

Continued price and performance gains in key components as well as the
shift of production to lower-cost locations have driven prices lower, expanding
overall demand for PCs. One impact is in consumer markets, whose share of the
total market increased from 28 to 38 percent between 1994 and 2005 (Figure
4). Another impact is in emerging country markets where economic growth is
providing the income to afford these ever-cheaper PCs. Although North and
South America are still the biggest market in the world, followed by Europe, the
Middle East, and Africa (EMEA), the Asia-Pacific region is the fastest-growing
market (Figure 5). The United States is the single largest market, with 61 million
units shipped in 2005, but fast-growing China has surpassed Japan as the second
biggest market.
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FIGURE 4 Global PC consumption by commercial/consumer markets (percent of units
sold). SOURCE: IDC (2006d).
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FIGURE 5 Global PC consumption by region, 1990-2005 (percent of units sold).
SOURCE: Juliussen (2006).

Geographic Location of Production

With desktop PCs, final assembly by the branded vendors historically was
located close to end-user demand because of logistics (they are too heavy to ship
affordably by air) and greater customization for national or regional markets.
Major PC vendors such as IBM, Compaq, HP, Apple, and Gateway initially had
their own production facilities in each world region, but they later outsourced
production to CMs such as SCI, Flextronics, Solectron, Mitac, and Foxconn (the
registered trade name of Hon Hai Precision Industry Co.), starting in the late
1990s. Dell kept final assembly in-house, but it outsourced base unit production,
including chassis with cables, connectors, drive bays, fans, and power supplies.
Japanese and Asian vendors generally kept production in-house.

As the branded PC vendors moved offshore and then outsourced, there
was a shift in the location of production from the Americas and EMEA to the
Asia-Pacific region (Figure 6). Initially, production was spread throughout East
Asia in Japan, Malaysia, Singapore, Taiwan, and Korea. Production of desktop
base units and various components and subassemblies by Taiwanese companies
shifted to the Pearl River Delta in Southern China, but final assembly was usually
done regionally: in the United States and Mexico for the Americas, in Ireland
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FIGURE 6 Computer hardware production by region, 1985-2004. 2004 data are a fore-
cast. The graph includes parts and subassemblies such as base units that are specifically
produced for use in computer equipment. SOURCE: Reed Electronics Research (2005).

and Scotland for EMEA and Malaysia, and in Taiwan and China for the Asia-
Pacific region.’

Some U.S. companies outsourced notebook production to Japanese, Tai-
wanese, and Korean manufacturers but eventually shifted mostly to Taiwanese
ODMs. In 2001, the Taiwanese government changed investment limitations for
Taiwanese firms and the notebook industry moved en masse to the Yangtze River
Delta near Shanghai.® Japanese firms such as Toshiba moved their own notebook
production to the region to take advantage of the supply base, but they also out-
sourced much of their production. Chinese firms such as Lenovo used these same
supply bases for their own production and outsourced some as well.”

SThese locations are now changing once again. For example, Dell is moving final assembly and
suppliers to Poland for EMEA; both Dell and HP are encouraging their CMs to move to India for the
Asia region; and Dell is setting up final assembly in India.

9Some notebook ODMs and suppliers moved to the area as early as 1998 so there was already a
supply base when most of the industry moved. For example, Asustek had 300 employees in China in
1999 and 45,000 by 2005 (Einhorn, 2005).

"This was the case with the IBM PC Company and Lenovo both before and after their
integration.
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By 2005 China was the single largest producer of PCs and computer equip-
ment in the world. Although the production facilities were located in China, they
were mostly owned and managed by Taiwanese firms, such as HonHai/Fox-
conn and Mitac for desktops, and Quanta, Compal, Wistron, and Inventec for
notebooks.® The supply chain was also composed largely of Taiwanese firms.
Foxconn has a huge facility in Shenzhen that employs over 100,000 workers and
produces base units and complete systems for nearly every branded PC vendor,
while also assembling products such as game consoles and iPods and making
components such as cables, connectors, chassis, and motherboards. Taiwanese
ODMs produced 85 percent of all notebooks in the world in 2005 (Table 1),
mostly in the Shanghai/Suzhou region of China.

In the past, the location of final assembly was driven by the need for prox-
imity to demand in the United States and Europe but now appears to be driven
by growing demand in Asia as well as by the growing capability of firms to ex-
ploit lower costs for labor, land, and facilities, the availability of cost-effective
skilled labor, and government incentives in China.® For instance, low-cost sea
shipment of standard (not BTO) desktop PCs from China to the United States,
supported by more sophisticated demand forecasting and planning tools, allows
PC makers to build a 3-week shipment time into the new product introduction
cycle. Notebooks can be economically shipped by air, so even BTO production
can be centralized in Asia. Also, with most of the supply chain in Asia, it can be
cheaper to assemble there and minimize shipment time for components because
the supply base is concentrated there.

GLOBALIZATION OF INNOVATION

The location of NPD activities by the branded PC firms is driven by the
product and process interdependencies discussed earlier, the capabilities and
relative costs of different locations, and relational factors that tend to “pull” in-
novation outside the PC vendor or offshore. The relative capabilities and costs
of U.S. firms and those in other countries have resulted in a new global division
of labor: higher-value architectural design and business management, along with
associated “dynamic” and analytical engineering work, is done in the United
States, whereas the development and manufacturing of the physical product,
along with the more routine, “transactional” product and process engineering, is
done in Taiwan and increasingly in China. The result is that both component and
system innovation is increasingly global, but U.S. firms continue to play leading
roles in both.

8After IBM sold its PC Division to Lenovo, only Dell (among the U.S. PC companies) had its own
final assembly plant in China. Dell’s largest assembly site in Asia is still in Penang, Malaysia.

“Dell is the only U.S. PC maker who still assembles desktop PCs in the United States; most final
assembly of notebooks is centralized in Malaysia. The subassemblies come from the Pearl River
Delta (desktops) and the Yangtze River Delta (notebooks) in China. Dell also does final assembly in
China and other major markets.
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Capabilities and Cost

The design of desktops and notebooks involves understanding markets and
customer demand, as well as technology trends, anticipating how customer de-
mand and technology trends are converging, and coordinating mixed teams of
marketing people and technologists. It requires people with skills and experience
in high-level architectural design, with the associated dynamic engineering skills,
industrial design, and business and product management.'? In terms of proxim-
ity, it is important to be located in leading markets where new technologies are
developed and adopted first.

Development for desktops or notebooks involves more routine, transactional
product and process engineering. Therefore, it requires people with mechanical,
electrical, and software engineering skills and technical project management
experience. In addition, notebook development requires specialized skills in ther-
mal and electromagnetic interference, shock and vibration, power management,
materials, radiofrequency, and software. These require a combination of formal
training and experience working in a particular engineering specialty, as well as
working on the specific product type.

Such knowledge and skill levels vary significantly in different locations due
to at least three factors: (1) historical industrial development leading to creation
of specialized skills, (2) output of educational systems, and (3) the nature of de-
mand, including market scale and the extent to which the local or regional market
may be described as cutting edge, with demanding and innovative customers.

In the United States, there are business skills such as market intelligence
and product management that are hard to find elsewhere. There are also leading
industrial design firms that specialize in small electronic products such as note-
books and cell phones, and strong software and high-level engineering skills.
These skills are taught in universities, invested in by leading domestic firms in
the industry, and honed through proximity to leading-edge users.

In Japan, there are industrial designers that are very good at designing for
the Japanese market, but who also have experience designing for global markets.
Japanese engineering teams have deep skills in design and development, with
specialties such as miniaturization that have developed to meet Japanese demand
for small, lightweight products. Japan also is very strong in process engineering
and manufacturing operations, thanks to its historical and continued emphasis
on manufacturing.

In Taiwan, mechanical and electrical engineers are available with strong

0Gereffi and Wadhwa (2006) distinguish between dynamic and transactional engineers, a classi-
fication that we find useful in characterizing the engineering workforces in different countries based
on our interviews. Dynamic engineers are capable of abstract thinking and high-level problem solving
using scientific knowledge and are able to work in teams and work across international borders. These
engineers have at least 4-year degrees in engineering and are leaders in innovation. Transactional
engineers have engineering fundamentals but not the skill to apply this knowledge to larger problems.
They usually have less than 4-year degrees and are responsible for rote engineering tasks.
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practical experience as well as formal training. Taiwan’s historical specialization
in the PC industry, and with notebooks in particular, has created a pool of engi-
neers with a great depth of knowledge of these products. Taiwan also has strong
process and manufacturing skills. These have developed over time as Taiwanese
firms have taken on greater responsibilities in PC development and manufactur-
ing. Taiwan mostly lacks marketing skills and industrial design skills that would
allow it to take over the concept and product planning stages, because of its focus
on original equipment manufacturer/ODM production rather than development
of branded products.

China has many well-trained mechanical and electrical engineers, but most
lack the hands-on skills that come with experience. Industrial design is weak, and
marketing and business skills are very underdeveloped. A large number of engi-
neers are produced each year, but quality varies greatly by university. According
to one interviewee, China’s engineers “work perfectly at doing what they have
been told, but cannot think about what needs to be done; they lack both creativity
and motivation. They are good at legacy systems, but not new things; they can’t
handle ‘what if” situations.”

In comparing cost across countries, the average salary for electronics engi-
neers in all industries in the United States is about $80,000, compared to $60,000
in Japan, $20,000 in Taiwan, and under $10,000 in China (Dedrick and Kraemer,
2006b). Obviously there are cost advantages to moving engineering to China,
but differences in productivity related to education and experience can negate
the direct cost differences. Also, it is reported that engineering salaries are rising
quickly in China, especially in industry clusters such as the Shanghai/Suzhou
area, as multinationals and Taiwanese firms compete with domestic companies
for talent. The willingness of multinationals to pay higher salaries gives them ac-
cess to more experienced engineers and graduates of top universities, but turnover
rates are high.

Based on a survey of Taiwanese PC and electronics firms, Lu and Liu (2004)
found that the main reason these companies were moving R&D (primarily de-
velopment) to China was the availability of well-educated and cost-effective
local engineers. This finding is supported by our own interviews with Taiwanese
companies. As Taiwan’s supply of engineers has failed to keep up with demand,
the attraction of a large pool of engineers with both linguistic and geographical
proximity has been strong. This has enabled Taiwanese engineers to concentrate
on more advanced development activities while lower-value activities such as
board layout and software testing have moved to China.

The New Global Division of Labor

This confluence of product and process interdependencies with changing ca-
pabilities and costs in different locations has led to a new global division of labor
(Figure 7). In 1990, the entire NPD process was located in the United States (and
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FIGURE 7 New global division of labor in the PC industry.

Japan) in large vertically integrated companies like IBM, HP, Digital Equipment
Corporation, and Toshiba, or PC specialists like Apple, Compaq, and Dell, which
handled virtually all elements of system-level design and integration. By 2000,
only design remained in the United States, while development and manufacturing
of notebooks was outsourced mainly to Taiwan and manufacturing of desktops
outsourced to major world regions. Japanese PC firms still kept NPD in-house,
at least for higher-value products.

In 2006, the U.S. position was unchanged. However, PC vendors like HP
and Dell had set up design centers in Taiwan to manage NPD for some products
(usually more mature product lines). Locating design in Taiwan allows closer
coordination with CMs and ODMs and potentially speeds up NPD, allowing
better quality control and problem resolution. They also use these design centers
to transfer knowledge to the ODMs and to train locally hired hardware and soft-
ware engineers to take on more project management and advanced development
activities. This division of labor is similar for notebooks and desktops, although
some U.S. companies keep desktop development in the United States and then
outsource manufacturing to Asia. However, desktop development is being shifted
to Taiwanese ODMs in many cases.

The next critical development was the rapid shift of production to mainland
China. Encouraged by U.S. PC vendors, Taiwanese manufacturers had moved
the production of desktops and many components and subassemblies to the Pearl
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River Delta near Hong Kong in the 1990s. Even more dramatic was the shift of
notebook production to the Shanghai/Suzhou area after 2000. Many Taiwanese
suppliers to the notebook industry had moved to China before 2001. When the
Taiwanese government lifted its restrictions on notebook production in China, the
ODMs and the rest of their local suppliers moved nearly all of their production
to the mainland (Dedrick and Kraemer, 2006a).

In response to U.S. PC makers outsourcing production to Taiwanese ODMs
in China, the Japanese PC makers also shifted significant production to China,
both through their own subsidiaries and through outsourcing to the Taiwanese
ODMs. This further illustrates the compelling economics of the production bases
in China as Japanese firms have previously tended to keep production in-house,
either in Japan or in Southeast Asia.

China’s Expanding Role as a Locus of Innovation

As a result of “production pull” as well as the large pool of lower-cost en-
gineering skills, there is an ongoing shift of product development activities from
Taiwan to China. During our interviews with notebook makers in Taiwan and
China, one major ODM told us that they did all of their board layout and most
packaging design in China, while doing mechanical engineering and software
engineering in Taiwan. They were in the process of training people in their elec-
tronic engineering methods in China in order to move more development there.
As one manager said, “China is a gold mine of human resources, but if you don’t
get in and train them you won’t be able to take advantage of it.”

It is expected that more of the NPD process and the associated engineer-
ing tests will be conducted in China by many notebook makers (Dedrick and
Kraemer, 2006a). These will be relocated from Taiwan and, in some cases, Japan.
The shift of product development to China is distinguished not only by which
activities have moved or are moving, but also by the type of products that are
being developed. Some ODMs are moving product updates to China. However,
the development of completely new products and platforms is still done by the
ODMs in Taiwan, or by PC makers such as Lenovo (for Thinkpad notebooks)
and Toshiba in Japan. More recent interviews with Taiwanese companies suggest
that they are hesitant to move these activities to China. This is due in part to the
high turnover rate of engineers in China, which makes it hard to create cohesive
development teams and also raises the risk of intellectual property loss. Also,
unless intellectual property protections are strengthened, China is not likely to
become a center for advanced component-level R&D (e.g., in microprocessors,
LCDs, or wireless technologies).

A near-term division of labor for product development is likely to be as
follows: component-level R&D, concept design, and product planning in the
United States and Japan; applied R&D and development of new platforms in
Taiwan; and product development for mature products, and nearly all production
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and sustaining engineering,!' in China. It is difficult to estimate how long this
division of labor will last. A recent study of Taiwanese manufacturers (Li, 2006)
shows that the rapid growth of low-margin outsourcing business from foreign
multinational corporations has provided Taiwanese firms with the resources and
motivation to invest more in R&D to develop greater technology expertise and
capture more high-value design work. As the ODMSs’ expertise grows, multina-
tional corporations have greater incentive to outsource more design activities to
further lower costs. Li also shows that Taiwanese firms are attempting to capture
value from their innovation efforts by filing for more patents. So the shift from
Taiwan to China may be slowing but the shift from the United States to Taiwan
could continue.

In addition, Taiwanese manufacturers such as Acer, Asus, BenQ, D-Link,
and Lite-on have developed their own brand-name PCs, motherboards, monitors,
networking equipment, smart phones, and other products. Acer and Asus brands
have captured 14.1 percent of the world market for notebooks (Digitimes, 2006),
whereas D-Link has become the top seller of wireless routers for the consumer
market. As these companies enhance their R&D, design, and marketing capabili-
ties, U.S. companies may find Taiwan to be a source of competition as well as
cooperation.

As China gains experience, it is still possible that the ODMs will shift more
of the development process and newer products there, but, unless it becomes a
key final market for PCs, it is not likely to capture the market-driven functions
of concept design and product planning. As of now, China’s PC market is still
only about one-third the size of the U.S. market and does not have leading-edge
users who are defining what features and standards are developed for the global
market. However, as China’s PC market continues to grow, and its users become
more demanding, it may become the leading market at least for the Asia-Pacific
region, and definition and planning of products suitable for the region may be
done there. Finally, while Chinese brands remain minor players in the global PC
industry for the most part, this may change. Chinese companies such as Lenovo,
Huawei, and Haier are already leading brands at home and are expanding to in-
ternational markets for PCs, network equipment, and other electronics products.

Sustaining engineering is the second of two phases in production; the first is mass production.
Mass production involves the physical manufacturing of a product in large volumes. It requires
manufacturing engineers to manage and plan the production process and test facilities and quality
engineers to continually improve product and process quality. Over time, these engineers come to
know the product extremely well and are best positioned to provide sustaining engineering support
that was previously provided by the original product development teams. Sustaining engineering
deals with changes that occur because of new chips, failing or end-of-life components, or improved
components. Each change must be evaluated in terms of its implications for system performance and
assembly, and incorporated into the production process. The sustaining engineers also provide the
highest level of technical support when problems occur during use during a product’s 2- to 3-year
warranty period.
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Lenovo’s acquisition of IBM’s PC business has put it directly in competition with
HP and Dell around the world, while Huawei uses its relationship with 3Com to
access technology and markets and compete with Cisco and others. These com-
panies can use the supply base of Taiwanese and foreign companies in China to
match the multinationals on cost, develop products that fit the local market, and
then target other emerging markets where innovations developed for the Chinese
market are likely to be attractive.

Measurement of the Globalization of Innovation

Measuring the globalization of innovation is more difficult than measuring
globalization of manufacturing, which can be captured in national production,
trade, and foreign investment accounts. Innovation might be indirectly mea-
sured by R&D spending and employees, patents, and new product introductions.
While some public data on these measures are available, often the data are not
sufficiently disaggregated at the firm level so that they can be tied to a product
line such as PCs. This is especially true of multidivision firms such as HP, Fu-
jitsu, Toshiba, Hitachi, Samsung, and Sony. Also, firm-level data do not show
the extent to which R&D or other innovative activity is carried out in the home
country or other locations.

Given these difficulties, an alternative approach is to measure the innovation
effort by the CMs and ODMs who are doing much of the manufacturing in the
industry. The share of global notebook shipments produced by Taiwanese ODMs
rose from 40 percent in 1998 to 85 percent in 2005 (Table 1). Since manufactur-
ing and development are usually outsourced together, this suggests that the share
of offshore product development activity has increased proportionately. This
trend is supported by data showing that R&D spending by Taiwanese ODMs and
CMs increased significantly from 2000 to 2005 (Table 2), as did the proportion of
employees with Ph.D. and master’s degrees in these firms. However, most of this
R&D spending is on the development side rather than the research side.

Also, reiterating a point made earlier that most innovation is done by up-
stream component makers, the R&D spending by the ODMs and CMs, as well as
nearly all of the PC makers, is minor in comparison to that of upstream suppliers.
For example, Table 3 shows that in 2005 some of the lead PC makers'? spent 1.4
percent of revenues on R&D on average (weighted), the leading ODMs and CMs
spent 1.3 percent, and the upstream suppliers, which is where innovation occurs
in the PC industry, spent an average of 11.8 percent, or nearly nine times greater
than the PC makers, ODMs, and CMs.

12We could not get public estimates of R&D investment for the PC divisions of large multidivision
companies such as HP, Fujitsu, Toshiba, Sony, and NEC, so they are excluded from the table.
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TABLE 1 Taiwanese Notebook Industry Share of Global Shipments,
1998-2005

1998 1999 2000 2001 2002 2003 2004 2005

Shipments 6,088 9,703 12,708 14,161 18,380 25,238 33,340 50,500
volume

(thousands)“

Global market 15,610 19,816 24,437 25,747 30,033 37,857 46,110 59,411
by volume

(thousands)

Taiwan’s share of  40% 49% 52% 55% 61% 66% 72% 85%
global market

volume

“Shipments by Taiwan-based firms, regardless of location of production.
SOURCES: For 1998-2004, MIC (2005); for 2005, Digitimes (2006).

Industry-Level Drivers of Globalization of Innovation

The globalization of innovation in the PC industry has been driven primar-
ily by economic factors and secondarily by relational factors that involve inter-
dependencies of activities, as well as social networks that often influence the
choice of suppliers or location. Examples of relational factors include the close
interdependence between development and manufacturing of notebook PCs, and
the “guanxi” social networks that link Taiwanese firms and managers.

TABLE 2 R&D Investment by Taiwanese ODMs and CMs (million U.S.

dollars)

Company Name 2000 2001 2002 2003 2004 2005
Quanta 27.13 38.36 54.55 74.31 92.56  102.36
Compal 24.77 44.69 62.11 70.21 78.78
Wistron 61.12 55.06 68.94 72.49
Asustek Computer 31.97 40.57 53.14 65.87 97.38  128.57
Mitac 24.37 24.70 25.28 32.66 36.90 46.62
Inventec 30.75 25.14 27.38 39.42 48.56
Arima 13.42 12.74 14.85 15.00 19.60 16.71
ECS 3.58 7.20 21.03 14.98 12.74 11.00
First International Computer (FIC) 28.21 1091 46.72 44.58

Clevo 8.71 8.10 8.97 9.28 10.28 10.05
Twinhead 7.24 5.31 1.10 0.31 0.43 0.47
Uniwill 7.27 8.20 9.89 11.15 11.55 12.48
Foxconn (HonHai) 32.43 58.14 64.45 66.69  128.78  132.86
Subtotals 239.85  239.37  433.17 49142 54937  660.95

NOTE: Blank cells occur where data was not available in annual reports or elsewhere.
SOURCE: Annual reports of the companies.

Copyright © National Academy of Sciences. All rights reserved.



Innovation in Global Industries: U.S. Firms Competing in a New World (Collected Studies)
http://lwww.nap.edu/catalog/12112.html

40 INNOVATION IN GLOBAL INDUSTRIES

TABLE 3 R&D Investment as Percent of Firm Revenues, 2005

R&D as % Taiwan ODMs R&D as %  Component R&D as %
PC Makers of Revenue & CMs of Revenue  Suppliers of Revenue
Dell 0.9 Quanta 1.1 Microsoft 15.5
Apple 3.8 Compal 14 Intel 13.3
Gateway n.a. Wistron 1.6 AMD 19.6
Lenovo 1.7 Asustek 1.7 ATI Technology 14.7
Acer 0.1 Mitac 2.0 Seagate (HDD) 8.5
Inventec 14 Western Digital 6.6
(HDD)
Arima“ 2.8 Maxtor (HDD) 7.5
ECS“ 1.6 Chunghwa 34
(Displays)
FIC* n.a. Tatung (Displays) 2.6
Clevo 4.2 AU Optronics 2.2
(Displays)
Twinhead® 0.2 Molex (Cables/ 5.2
connectors)
Uniwill? 1.6 Delta (Power 4.8
supply)
HonHai 1.0 Creative (Sound 6.7
cards)
Total firm revenues  $92,535 $76,191 $128,773
(millions)
R&D (% of 1.4 1.3 11.8

revenues) for
selected firms
(weighted)

NOTE: Large multidivision PC makers like HP, Toshiba, Sony, Fujitsu, and NEC are omitted because
R&D investment is not available by division.

“Value calculated from data in company annual reports.
SOURCE: Electronic Business Top 300 (2006), unless otherwise indicated.

Regarding economic factors, the manufacturing of desktops was primarily
pushed offshore to major world regions to reduce production cost, and second-
arily for proximity to markets. Manufacturing was then outsourced to CMs as
most PC makers looked to further cut costs and concentrate on product design,
branding, sales, and marketing. These CMs are currently moving to new loca-
tions within each region (Eastern Europe for EMEA, Mexico for North America,
and China for Asia-Pacific)—once again to reduce costs. As noted earlier, for
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standard build-to-stock desktops, production is increasingly done in China for
the U.S. market, because low-cost shipping by sea is viable when fast order
turnaround is not necessary.

Cost was also the key factor for notebooks, where both development and
manufacturing were outsourced or offshored almost from the beginning—first to
Japan, then to Taiwan, and currently to China. Japan’s capabilities with develop-
ment and manufacturing of small form factors provided an initial pull, but lower
costs, development of strong indigenous engineering capabilities, and the fact
that Taiwanese firms were considered less likely to compete directly with U.S.
firms resulted in U.S. PC vendors shifting to Taiwan. In turn, Taiwan has moved
manufacturing to China for lower-cost labor, and manufacturing is now pulling
some development activities to China as well. Taiwan is trying to expand its role
in R&D, design, and other high-value activities, and PC vendors have facilitated
this through continued outsourcing and by setting up design centers in Taiwan.

Regarding relational factors in the PC industry, it appears that once produc-
tion moves to a low-cost location, it will pull some higher-level activities to it.
Reinforcing our findings about production pulling knowledge work, Lu and Liu
(2004) found that the second major location factor for R&D (after access to
low-cost engineers) is proximity to the manufacturing site. This is particularly
true for notebook PCs given the importance of design-for-manufacturability. For
example, production engineering and sustaining engineering clearly benefit from
proximity to manufacturing, because production problems can be addressed im-
mediately on the factory floor and engineering changes in existing products can
be tested in production models from the assembly line. It also makes sense to
move pilot production to China rather than to maintain an assembly line in Tai-
wan just for this purpose. Then the question arises whether to move the expensive
test equipment from Taiwan to China. If so, then there is more reason to relocate
the design review and prototype processes as well.

Beyond proximity considerations in manufacturing, there is a relational
“pull” from the ODMs. They often bundle development with manufacturing in
order to win contracts. But once the ODM has a contract, the relationship creates
incentives for the PC maker to work with the same ODM for future upgrades and
enhancements to the product. In addition, there is a great deal of tacit knowledge
created in the development process that is known only by the ODM, which cre-
ates a further pull. Finally, the close linkage of development activities to manu-
facturing and the feedback to design from manufacturing has created linkages
that favor continuing the ODM relationships.

The concentration of product development and manufacturing in Taiwan and
China has reduced cost and accelerated new product innovation, driving down
average unit prices, and helping to expand markets. For example, the worldwide
average unit price for a PC and monitor has declined markedly over the past 15
years (Figure 8), with desktops and notebooks selling at an average of under
$1,100 and $1,400, respectively, in the United States in 2005, and many models
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FIGURE 8 Average unit price, desktops and notebooks, 1990-2005. SOURCE: Juliussen
(2006).

available for well under $1,000. Of course, when adjusted for quality improve-
ments, the price decline is much more dramatic. Moreover, the price differences
between the United States and other regions have declined so that there is now
effectively one world price.

Beyond cost reduction, the globalization of innovation also has been driven
by a desire to develop a better understanding of the needs of big emerging mar-
kets such as China, India, and Brazil to enable the right versioning of existing
products. Some PC vendors and ODMs (as well as other suppliers like AMD,
Intel, and Microsoft) are seeking new markets in less-developed economies
by developing new PCs with much lower price points while also tailoring the
technologies to the more extreme environments of these countries. These new
product concepts include the One-Laptop-Per-Child design, Intel’s Classmate
PC, and Asus’s eeePC. While previous efforts to develop very-low-cost PCs for
developing countries have failed, PC makers and others continue to experiment
with new designs.

IMPLICATIONS OF GLOBALIZATION OF INNOVATION

The globalization of innovation has led to a new global division of labor as
described earlier. This new international structure of the PC industry has implica-
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tions for firm competitiveness and strategy, location of innovation, employment,
and U.S. policy.

Implications for U.S. Firm Competitiveness

Overall, the changes in the industry appear not to have hurt the competitive-
ness of U.S. firms. U.S. companies dominate key components such as micropro-
cessors, graphics and other chips, and hard drives, and PC vendors Dell, HP, and
Apple hold nearly 40 percent of the world market for PCs. U.S. firms are still
unquestioned leaders in operating systems and packaged applications. On the
other hand, Asian firms are leaders in displays, memory, power supplies, batter-
ies, motherboards, optical drives, and other components and peripherals. Asia
has some leading PC brands such as Lenovo, Toshiba, Acer,!* and Sony, and
Taiwan’s CMs and ODMs increasingly compete with U.S. contract manufactur-
ers for outsourced development and manufacturing. On another measure of firm
competitiveness, the largest share of industry profits flows to U.S. companies,
particularly Microsoft and Intel, but also to Apple, Dell, HP, and to component
makers such as Nvidia, TT, and Broadcom. The profitability of most Japanese and
Asian companies is generally lower.

Implications for Firm Strategy

For branded PC vendors, the international innovation network described
earlier enables faster product cycles with quicker integration of new technologies
because the Taiwanese companies are good at fast turnaround and there is a good
supply of cost-effective engineers in Taiwan and China to handle more models,
changes, and upgrades. It has increased consumer choice, helped grow the mar-
ket, and for a long time was advantageous for Dell because its direct model gave
it an advantage in getting those products to the business customer. But now that
most firms are efficient in minimizing inventory and getting new products into
the market, the fast product cycles could be seen as an expensive race to the
bottom that no PC vendor or component supplier really wins (except Intel and
Microsoft).!4 Some PC vendors complain that component innovation is too fast,

13Acer, which has been a successful Taiwanese branded company, purchased Gateway Computer
and Packard Bell in October 2007.

4As desktop PCs in particular have become commoditized, business model innovations such as
direct sales, BTO, and just-in-time inventory have provided temporary advantage in the industry.
They provided an initial advantage to Dell and Gateway, who were the first to adopt direct sales, but
Gateway stumbled badly and Dell’s efficiency advantage has been reduced as other PC vendors have
gone to direct BTO sales. The Dell model also has proved less successful in overseas markets where
direct sales are less popular than in the United States. The most important impact of past business
model innovation has been a general improvement in the efficiency of the industry as a whole, as
most vendors have adopted these practices.
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and they feel pressured to introduce too many products for too small markets.
For example, one major PC vendor introduces around 1,000 different consumer
desktop SKUs (stock-keeping units) in one year globally (Dedrick and Kraemer,
2006b). A question raised by more than one company that we have interviewed
is whether the cost of managing so many products might outweigh the benefits of
being able to offer products that more closely match the needs of customers.

Beyond desktop and notebook PCs, the growing demand for new products
that are smaller, are more mobile, and integrate new functions is bringing new
innovation and new players into the personal computing industry. Hit products
such as RIM’s BlackBerry and Palm’s Treo have been developed by firms with
no traditional PC business, while Apple’s iPod was developed on an entirely dif-
ferent platform from the Macintosh computer line. Such radical or architectural
product innovation (Henderson and Clark, 1990; Utterback, 1990) has important
differences from the incremental model of development as illustrated in Table 4.
The scale and scope of global collaboration is often greater for radical innova-
tion, as existing technologies are adapted to new uses and new technologies are
developed. As a result, there is greater need for joint development with partners,
while key technologies (particularly software) are developed internally and the
entire process is shaped by strong central vision, integration, and control.

An example of the nature of radical innovation is the iPod, which was
developed by Apple in collaboration with many external partners in multiple
geographic locations. Apple used its internal capabilities to create a closely
integrated hardware and software design, while relying on outside partners for
both standard and custom components, and for manufacturing. For instance,
Apple used a reference design and worked jointly with PortalPlayer to develop
the microchip that controlled the iPod’s basic functionality. It worked with oth-
ers for additional chips (e.g., United Kingdom’s Wolfson Microelectronics for
the digital-to-analog sound chip; New York-based Linear Technology for power
management chips; California-based Broadcom for a video decoder chip); with
Toshiba for the 1.8-inch hard drive; and with Taiwan’s Inventec for manufactur-
ing (Murtha et al., forthcoming).

Apple designed the system architecture that affected critical features such
as sound quality and power consumption and developed the distinctive industrial
design of the iPod; it developed most of the iPod and iTunes software in-house or
adapted others’ software. Apple tightly managed the whole process, coordinating
closely with outside partners so that it could design the iPod, and its manufac-
turer and suppliers could concurrently prepare the tooling and supply chain for
large-volume manufacturing, and bring it to market in 8 months. As put by the
iPod’s lead engineer, “Today, there is too much complexity in products for one
person or organization to understand. You need a team of internal and external
resources working with you to conceive, design, and implement new products”
(Murtha et al., forthcoming). The resulting design process is much different from
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TABLE 4 Features of Incremental and Radical Innovation
Design Development Production
Radical —Set system architecture, —Collaborate with many Outsourced
innovation sometimes building on partners in multiple to CM or
(iPod, iPhone, external reference design geographies ODM
Treo) —Strong central vision and —Collaborate with partners of
industrial design partners
—Tightly control all aspects —Get partners to adapt
of NPD existing technologies to
—Develop key software proprietary architecture
internally
—Integrate hardware, software,
even services (e.g., iTunes,
iTMS)
—Design or license
complementary assets (SW,
content) and distribution
system
—Collaborate closely with a
few key partners for core
components
Incremental —Innovate on Wintel —Collaborate with one Outsourced
innovation architecture established ODM in one to ODM
(desktops, —Control product planning, geography
notebooks) brand image, marketing, —Outsource detailed physical

concept design internally
—Internal or outsourced
industrial design
—HW and SW are modular
—Leverage existing
complementary resources
and distribution

design, test, and software
built within standard
architecture

that in PCs, with more internal development and much closer interaction with
key component suppliers.
Finally, for the iPod to be successful in the market, Apple created a new
business model that integrated hardware, software, and online content delivery.
It developed iTunes software to collect and manage content on a PC or Mac and
easily transfer that content to the iPod. It also developed the online iTunes Mu-
sic Store and tightly integrated that with the iTunes application. Apple licensed
content from all the major music labels and subsequently from the audio book,
movie, and television industries, and established pricing and digital rights models
that were attractive to consumers. The result was a U.S. market share of over 70
percent in both the personal music player and the music download markets.
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Given that such design innovation has the potential for creating differen-
tiation in products and gaining competitive advantage, the strategies of at least
some branded PC firms are likely to focus more on creating new product plat-
forms. However, examples such as the iPod, Treo, and BlackBerry suggest that
radical innovation requires a different process of new product development. As
illustrated by our earlier discussion of these innovations, elements of the process
include leveraging a firm’s unique internal capabilities with those of external
partners; working closely with external partners in multiple geographies; engag-
ing in a global search for technologies that can be adapted and integrated into new
products; maintaining tight architectural and managerial control over the process;
and possibly introducing new business models to provide complementary content
and services.

This kind of process is far removed from the incremental innovation within
a well-established product architecture and the mature market of the Wintel PC
world. As a result, it has been more diversified companies such as Samsung and
Sony, wireless specialists such as Nokia, as well as many startups that are trying
to innovate with new product platforms that mix communications, entertainment,
and computing capabilities in smaller form factors. In these cases, firms have
worked with outside partners to exploit external sources of knowledge while
keeping their own innovative activities mostly in-house and close to their home
base.

Increasingly, hardware-software integration is becoming important as a means
of tailoring products to different market requirements such as communications
standards, power consumption, language, and customer tastes. Such integration
also helps to reduce product costs by enabling standard physical platforms to be
produced in large volumes for global sales. More important, it enables greater
product differentiation for ever-finer market segments by customizing through
changes in software, rather than through costly physical changes in hardware.

Location of Innovation

Innovation at the national level is closely tied to the presence of both tech-
nically skilled and entrepreneurial individuals, the quality of infrastructure, and
the presence of advanced users who drive firms to innovate. Rapid diffusion of
Internet infrastructure in the United States led to ongoing innovation in hardware
(e.g., routers, switches), software (e.g., browsers, search engines), and services
(e.g., online retailing, banking, stock trading, travel services). The United States
has seen strong user-driven innovation (Von Hippel, 1998) such as IT-enabled
business process redesign and e-commerce in the corporate world and user-
created content in the consumer world. From Cisco and Amazon, to Dell and
Wal-Mart to Google and MySpace, innovation on the web has largely occurred
in the United States.

By contrast, the relatively slow adoption of broadband and advanced mobile
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technologies in the United States has left the country falling behind in new areas
of innovation. For instance, South Korea is a leader in online computer gaming,
thanks in part to its widespread deployment of cheap broadband Internet service.
Japan’s iMode system for mobile Internet was years ahead of similar services
in the United States. High rates of wireless adoption have benefited firms from
South Korea, Japan, and Northern Europe, while China’s large mobile phone
market has attracted firms such as Motorola, Nokia, and Siemens to do product
development there. In short, the lack of innovation in industries that are providers
of complementary assets (which in turn may reflect the outmoded infrastructure
underpinning the large and otherwise highly sophisticated U.S. domestic market)
is a major factor hampering innovation in the PC industry. If the United States is
to retain its position as a leading market for computing innovation, it cannot af-
ford to remain behind in providing high-quality, low-cost infrastructure to support
user-led innovation and drive demand for new personal computing products.

Our field interviews indicate that design innovation, especially concept de-
sign and product planning, is likely to remain concentrated in the United States
for the major U.S. firms in the personal computing industry. However, there will
be increasing use of offshore R&D and design centers in locations that have
specialized and cost-effective talent, that lead in particular technical innovations,
or that represent important markets in terms of growth potential, special market
opportunities (fewer regulatory requirements, government incentives), or chal-
lenges (need for cheaper or environmentally friendly PCs), or that may influence
technical standards (as China is trying to do in a number of technologies). Private
interviews with industry executives indicate that the primary motivation for such
offshore outposts is cost reduction, through hiring less costly engineers, program-
mers, and managers to perform activities previously performed in-house in the
United States or in a foreign subsidiary. In time, secondary benefits may also arise
as these locations gain capabilities or as local markets develop.

Other product development activities tend to be pulled by production, begin-
ning with manufacturing process engineering, then moving up to prototyping and
testing and eventually electrical, mechanical, and software engineering. These
are in the process of shifting to China from Taiwan and Japan, although R&D,
design, and development of the newest generation of products is still likely to be
concentrated in the home countries of the manufacturers (Dedrick and Kraemer,
2006a).

Impacts on Jobs and Employment

With respect to U.S. workers, much of the potential shift of jobs offshore
has already taken place with the offshoring and outsourcing of production from
1990 to 2005. There has also been a shift in innovation-related jobs after 2000, as
production has pulled development and some design activities to Asia (Dedrick
and Kraemer, 2006a). Further movement of jobs offshore is likely to occur in

Copyright © National Academy of Sciences. All rights reserved.



Innovation in Global Industries: U.S. Firms Competing in a New World (Collected Studies)
http://lwww.nap.edu/catalog/12112.html

48 INNOVATION IN GLOBAL INDUSTRIES

the future to meet competitive pressure for continuous cost reduction. The jobs
will be in engineering, software, industrial design, engineering management,
and project management at all levels. As one PC industry executive told us in
interviews, he has to “push” more physical design and project management jobs
overseas in order to keep concept design jobs at home.

The number of jobs directly moved offshore is not large and occurs incre-
mentally. However, another indicator of the impact of offshoring is the number
of new jobs that are created offshore rather than in the United States to support
the industry’s continued growth and proliferation of products. One indicator of
this impact is the growth of knowledge jobs in the notebook industry in Taiwan
as these firms take on more design and development activities for the United
States and other firms. Interviews and company data on the top ODMs in the
notebook industry indicate that they hired thousands of new R&D personnel and
product engineers in Taiwan between 2000 and 2005, while also hiring thousands
more for product and process engineering, testing, and production in China. For
example, Quanta, which is the largest notebook ODM, has increased the number
of R&D engineers from 750 in 2001 to around 7,000 in 2005 (company annual
reports).

As software becomes an increasingly important part of new PC products,
there will be a proportionately greater increase in software jobs being moved
offshore. In one company we interviewed, 50 percent of the 1,000 employees are
engineers and 80 percent of these are software engineers. These jobs are currently
in the United States, but the firm is experimenting with offshore teams. While
there is broad awareness of the shift of jobs to India and elsewhere by software
and IT services companies, there is less awareness of the number of software
jobs within the computer hardware industry—jobs that are likewise vulnerable
to offshoring.

For the United States, the fact that growth and innovation in the industry are
not creating new knowledge jobs (engineering, software, design) in the United
States but are creating them in Taiwan and China appears to be a negative. But
the number of U.S. engineering jobs in the broader computer industry is fairly
stable at about 60,000 between 2002 and 2005 (Dedrick and Kraemer, 2006b),
and without globalization there may not be as much growth and innovation. The
risks of globalization for the United States are that individuals, firms, or related
industries will lose technological advantage and the ability to innovate. A Korn/
Ferry International report posed the issue for industry executives as follows:

North American industrial executives must choose between two fundamental
responses to their current competitive environment. One approach is to simply
accept that their companies need to focus exclusively on marketing, finance and
the design and development functions, while offloading their manufacturing
needs and technologies to more accommodating locations, usually overseas.
While this strategy can generate short-term profits, it almost inevitably guaran-
tees that a company will lose control of its design and production capabilities.
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Eventually, if history is a reliable guide, even home office and corporate func-
tions will cease to exist. (Kotkin and Friedman, 2004)

However, earlier industry innovations as well as recent innovations like the
iPod, the Treo, and the Microsoft Xbox were developed mostly in the United
States, even though some component innovations came from offshore suppliers
and all the manufacturing was done offshore. Moreover, there is little evidence
thus far that these firms have “lost control” of the designs or technology for these
products. Such innovation is less likely to move offshore and should continue to
support engineering and other knowledge jobs in the United States, as long as the
United States retains the capabilities needed for such innovation.

Implications for Policy: Sustaining U.S. Innovation Leadership

Although U.S. PC vendors still lead innovation in the industry, they are mov-
ing more innovation activities offshore both through setting up design centers
and through outsourcing design and development activities to ODMs. The U.S.
suppliers of key components such as microprocessors, storage, and software are
also setting up R&D and design centers offshore, sometimes in locations with
specialized skills such as Israel or Japan, and sometimes in big emerging markets
with low-cost engineering talent such as India and China.

The engineering, software development, and management skills associated
with these activities are key to the innovation capabilities of the United States and
therefore consideration needs to be given to developing people with these skills if
such innovation is to remain in the United States (Committee on the Engineer of
2020, National Academy of Engineering, 2005). Our interviews with executives
indicate there is a growing need across the PC industry for engineers who are
specifically trained to work at the interface between hardware engineering, com-
munications, and computer science. The executives also indicate that many U.S.
engineering schools produce specialists in a single engineering discipline, but few
schools produce people who can work at the interfaces of these disciplines. There
is a need, for example, for hardware engineers who can work with communica-
tions standards, and software engineers who can produce embedded software that
enables customization of products for markets. When universities fail to develop
such talent, firms may rely on on-the-job training, look offshore for experienced
people with the needed skills, or develop the skills offshore through on-the-job
training of low-cost specialists.

It is also likely that U.S. firms need to make greater efforts to hire rookies
and develop them. Several of the companies we interviewed prefer to hire fairly
experienced engineers rather than beginners and report no problems in doing so
in Silicon Valley or elsewhere. They simply hire people away from other com-
panies, or bring in engineers from foreign countries under immigration policy.
However, one highly innovative company we interviewed hired engineers as
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interns from the best engineering schools in the United States (e.g., Cornell,
MIT, UC Berkeley, Carnegie-Mellon) and, if they worked out, made commit-
ments to hire them even before they graduated. Starting as interns, they worked
as part of project teams with operational roles and real challenges to overcome.
Such on-the-job training can help sustain a career ladder for new engineers as
firms offshore more lower-level jobs that would normally be filled by entry-level
engineers. An executive for the firm argued that this process benefits the firm as
well, by giving it access to the best talent available and the chance to incorporate
that talent into product development teams and learn how the company works
before the engineers develop bad habits elsewhere.

From a policy perspective, the U.S. government can encourage cross-
disciplinary education and more university-industry cooperation through its
funding choices, and by documenting and publicizing the need for such changes.
While universities are responsive to employer needs, there can be significant iner-
tia in academic departments and university bureaucracies, and external resources
and pressure can encourage greater responsiveness and flexibility.

All of the firms we interviewed indicated a need for more H-1B visas, or
for reform of the visa process. One issue involves procedures for keeping people
who have been educated in the United States and perhaps interned with the firm.
Another involves recruiting from abroad for skills for which the U.S. supply of
talent is limited, but for which other countries are noted for having people with
the needed skills. For example, it appears that the supply of engineers in analog
fields in the United States such as radiofrequency is limited, whereas there is a
good supply in some European countries. A reported problem with the current
immigration process is that the nature of U.S. supply of talent is not considered.
From an immigration standpoint, an engineer is an engineer regardless of educa-
tion level (bachelor, master’s, Ph.D.) and there is no way to identify and respond
to shortages of very specific skills or levels (e.g., bachelor vs. Ph.D.).

In addition to such human resource issues, another key concern is sustain-
ing the demand for innovation. PC demand, and associated innovation, has been
driven in the past decade largely by the Internet and networking in general. With
the United States leading in Internet adoption, the PC industry was quick to
adopt networking technologies such as Ethernet and wireless networking, and
new products such as the BlackBerry and Treo were developed in the United
States. However, the United States has fallen behind a number of countries in
both wireless and broadband adoption and is not the lead market for products
and services such as mobile phones and online gaming. As a result, innovations
in new personal computing devices such as smart phones, video game consoles,
and other network devices are likely to target foreign markets initially, making it
more likely that innovation will occur in those markets rather than in the United
States.

While specific policy issues with regard to telecommunications, Internet
regulation, content, and pricing are beyond the scope of this chapter, those deci-
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sions should be made with an awareness of their potential impact on U.S. inno-
vation in industries such as personal computing. Innovation in PCs can require
cooperation by providers of complementary assets, such as content or communi-
cation infrastructure. Government policies on telecommunications can influence
the speed of diffusion of infrastructure like broadband, 3G, or municipal WiFi
networks. Similarly, government policies on copyright can influence the terms
under which content can be distributed. While these policy issues are usually
debated in terms of impacts on competition, intellectual property rights, or even
consumer choice, policy makers also should consider their impact on innovation
in high-technology industries.
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INTRODUCTION

The global movement of software services activities (defined to include soft-
ware engineering services and research and development [R&D] as well as the
development of software products) to locations outside of the United States is an
important and growing phenomenon that has recently attracted widespread atten-
tion. Over the period 1995-2002, exports of business services and computer and
information services grew at an average annual rate of over 40 percent in India
and at a rate of 20 percent in Ireland. These changes have received widespread
attention within the United States and have led to concerns of a “hollowing out”
of the American information technology (IT) sector and about the potential loss
of American technological leadership.

However, despite these changes in the location of production of IT services,
there is relatively little evidence of global changes in the location of new software
product development. U.S. companies have historically been and continue to be
the leading exporters of software products. Moreover, evidence from software
patents suggests that inventive activity in software continues to be concentrated
in the United States. In the short run, the United States will continue to enjoy a
significant lead over other countries in the stock of highly skilled programmers
and software designers that provide it with an advantage in the production of new
software products. Moreover, proximity to the largest source of IT demand and
potential agglomeration economies arising from proximity to competitors and
complementors provide software product companies located in the United States
with a significant advantage.
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DISPERSION OF INVENTIVE ACTIVITY IN SOFTWARE

In this chapter we provide evidence on the geographic distribution of inven-
tive activity in software. Economists have long made a distinction between in-
novation and invention in the study of technological change. Schumpeter (1934)
defined innovations as new, creative combinations that upset the equilibrium
state of the economy. Mokyr (2002) defines invention as an increment in the set
of technological knowledge in a society. Schumpeter pointed out that invention
does not imply innovation, and that it is innovation that provides capitalism with
its dynamic elements. Because it is more easily measured, in this chapter we will
focus on the geographic dispersion of inventive activity. However, we adopt the
position of Mokyr (2002), who argues that in the long run invention is a neces-
sary precursor to innovation.

Unlike some of the other industries studied in this volume, one feature of
software development is that it is frequently performed both by suppliers of
software packages and services and by users. As a result, software development
occurs throughout all industries in the economy, and so to understand the location
of inventive activity in software it is insufficient to examine where one or two
industries are located.

To understand this point further, it is helpful to gain a better understanding of
the types of software development activity. The design, installation, implementa-
tion, and use of software consist of several phases. Messerschmitt and Szyperski
(2002) identify two distinct value chains in software development. First, there is
a supply value chain in which software creators develop software artifacts that
provide value for the end user. This part of the software value chain consists
primarily of design and development activities that can be thought of as software
“production.” In the past this role had been played primarily by independent us-
ers, third-party programmers, or independent software vendors creating custom
software, but over the past 20 years this role has passed increasingly to indepen-
dent software vendors creating software products.

The output of this value chain contains all of what we would traditionally de-
fine as software products, such as word processors, operating systems, enterprise
software such as enterprise resource planning (ERP) and business intelligence
software, as well as middleware software, such as some transaction processing
middleware and enterprise application integration. The total value of production
in the software product industry was $61,376.9 million in 1997,' and 195,200
persons were employed in this industry in the same year.> Firms that operate in

Data from the U.S. Bureau of Economic Analysis input-output tables. This figure includes the total
value of products made in NIPA industry 511200 (Software Publishers); 1997 is the latest benchmark
year for the input-output tables. More recent years do not separate software producers from other
information publishers.

2Data from the Bureau of Labor Statistics (BLS) on the number of employees in the software
publishing industry (NAICS 5112), available at http://www.bls.gov/ces/home.htm.
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this value chain include all of the well-recognized names that are traditionally
regarded as “software” firms, including Microsoft, Adobe, Oracle, and the SAS
Institute, as well as smaller firms such as Oblix and Primatech.

This value chain also includes the activity of third-party firms involved
in custom programming and software analysis and design. Such firms create
custom software products for their customers and include firms like CIBER,
Inc., Intergraph Corp., and xwave Solutions. The total value created in custom
programming and design services was $115,834.6 million in 1997 while total
employment was 675,000 in 1997, indicating that both revenue and employment
in this sector are greater than that in the packaged software industry.> Moreover,
custom programming and design services are also growing faster than is the soft-
ware publishing industry. Though 1997 is the last year for which we have data
on revenues by industry, we can compare employment growth across these two
industries. Employment in custom programming and design services has grown
from 675,000 in 1997 to 1,025,300 in 2005, for an average annual growth rate
of 5.8 percent. In contrast, employment in software publishing has grown from
195,200 in 1997 to 238,700 in 2005, for an average annual growth rate of 2.5
percent.

Second, there is a software requirements value chain in which users add
functionality to software to meet their own needs. Users engage in co-inventive
activity (Bresnahan and Greenstein, 1996) to translate general-purpose software
into a specific application. Such co-inventive activity may include modifications
to packaged software applications or development of new applications. However,
in business software it also involves changes to business processes or organiza-
tion design.

Activity in this value chain includes both programming by professional pro-
grammers and software designers employed by IT-using firms and programming
activities performed by users themselves. The activity of both groups is difficult
to measure but represents a major share of value created. Scaffidi, Shaw, and
Myers (2005) estimate that there were approximately 80 million end-user pro-
grammers in 2005,% compared to 3 million professional programmers. Moreover,
occupation data from the United States indicate that over two-thirds of software
professionals do not work for IT firms but rather work for IT-using industries.’
Neither this software development activity performed by users nor the work
performed by software professionals working for IT users is measured in any
systematic statistics.

3These calculations are based on total sales in custom computer programming services (NAICS
541511) and computer systems design services (NAICS 541512). This latter category may include
activities outside of programming, such as IT systems design and integration. A conservative estimate
of the value and employment of third-party custom programming services uses only NAICS 541511
and yields estimates of $86,326.8 million and 522,300, respectively.

“This estimate includes those who create user-developed software that is not sold in markets.

Data from BLS Occupational Employment Statistics.
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Though systematic evidence is rare, what we do know suggests that eco-
nomic activity in this value chain is likely to be far greater than that in the supply
value chain. According to Gormely et al. (1998), though the typical cost of imple-
menting an ERP application suite is $20.5 million, only $4 million of this cost
is related to hardware and software; the rest is due to the costs of implementing
and deploying the software within the business. Using data on sales of software
products and services in several Western European countries, Steinmueller (2004)
estimates that for every €1 spent on software there is an additional €2.36 spent
on IT-related business services. However, this estimate is likely a lower bound,
because it includes only software services conducted through market transactions
and excludes software development activities within IT-using firms themselves.

The importance of the software requirements value chain has two implica-
tions for the measurement of where inventive activity in software takes place.
First, a large part of value creation in software takes place outside of firms that
reside in what is considered the software product industry. The value of this activ-
ity goes largely unmeasured in traditional government statistics, as it often occurs
as a labor expense within firms developing or implementing packaged software.

Second, it is very difficult to place a precise definition of what exactly con-
stitutes inventive activity in software. Creation and modification of source code is
of course one major component, but so are user modification and business process
change. Should these latter activities be included as well?® Moreover, how should
we treat changes to software code that are embedded in IT hardware? Are these
hardware or software inventions? As we will discuss next, given available data, a
precise estimate of inventive activity in software is probably not feasible. Instead,
we provide a variety of metrics that enable us to estimate broad trends and orders
of magnitude in economic and inventive activity in software.

In the section “Trends in the Location of Value Creation” we provide evi-
dence of recent trends in globalization of software services. These data provide
evidence on globalization of activity in the software requirements value chain and
some inventive activity conducted by services firms in the supply value chain,
though they will largely miss changes in cross-country software service activi-
ties that are undertaken by firms outside of the software services industry. In the
section “Empirical Evidence on the Location of Inventive Activity” we use U.S.
software patent data to examine changes in the global dispersion of inventive
activity in software product development.

TRENDS IN THE LOCATION OF VALUE CREATION

In this section we investigate broad trends in the location of value creation
activities in software. We begin with some statistics describing global variation in

°It is interesting to note that the U.S. Patent Office has struggled with similar definitional issues,
within the context of so-called business method patents (Allison and Tiller, 2003).
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the exports and imports of software products and services, followed by a qualita-
tive description of recent trends in countries that have been known to be active
producers in the market for software products and services.

Statistical Trends

Software Products

Figure 1 shows the percentage of total 2002 software product exports and
imports by selected Organisation for Economic Co-operation and Development
(OECD) countries. The figure shows that among OECD countries the United
States continues to be the leader by a wide margin in the export of software prod-
ucts, accounting for 21.7 percent of total software exports. The next closest coun-
try is Ireland, which accounts for 16 percent of software exports. However, as we
will discuss in further detail, most of Ireland’s software exports arise from U.S.
multinational companies that utilize Ireland as a base of operations to localize
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Japan |
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Ireland )
Germany
France
Canada "
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FIGURE 1 Percentage of total 2002 software product exports and imports by OECD
country. SOURCE: OECD (2004, Table C.1.8; OECD trade in software goods, 1996-
2002). Compiled from International Trade Statistics database.
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U.S. software products to be shipped to countries in the European Union.” Since
the bulk of software product exports from Ireland are due to U.S. multinationals
in Ireland—Sands (2005) shows that over 92 percent of Irish software exports
are from foreign firms—this suggests that the share of U.S. software exports in
global trade flows is probably closer to one-third rather than the one-fifth that the
OECD statistics indicate. Following that, the next largest exporters are Germany
(due in part to software exports from ERP giant SAP) and the United Kingdom.
No other country accounts for more than 10 percent of software exports. Most
notably, Japan accounts for only 2.5 percent of total software exports.

Figure 2 presents total packaged software product sales by region. The story
here remains the same: North America represents the largest share of packaged
software sales, and this percentage has been increasing over time from 47 percent
in 1990 to 54 percent in 2001. We explore why other countries have not been
more successful in developing software products in further detail in the next
section.

Software Services

Figure 3 shows data from the OECD Economic Outlook (2006) and reports
the global share of 1995 and 2004 exports in IT services, obtained by summing
the categories “computer and information services” and “other business services”
from the IMF Balance of Payments data. Though subject to a variety of caveats
about measurement and coverage, Figure 3 suggests that the distribution of IT
service exports is more evenly distributed across countries than is the distribu-
tion of software product exports. Many smaller countries are experiencing rapid
growth in their exports of IT services, though some are starting from a very small
base.

To explore trends in imports, we use data from the U.S. Bureau of Economic
Analysis (BEA) on International Trade in Services. Table 1 provides data on in-
terfirm trade in exports and imports of IT services in 1998 and 2004, calculated
by summing the categories “Computer and Information Services” and “Royal-
ties and License Fees.”® Exports of these services grew from $6,900 million to
$10,862 million from 1998 to 2004, while imports grew from $1,992 to $2,591
million from 1998 to 2004.

Cross-border exports to and imports from unaffiliated foreign firms of com-

"Localization activities include activities such as manual translation or adapting software products
to local markets.

8The columns labeled “Computer and Information Services” provide data on exports and imports
of private services among unaffiliated firms. The columns, “Royalties and License Fees” in the same
table include computer-related services that were delivered to foreign markets through cross-border
software licensing agreements. These data do not include intrafirm exports of computer services
because BEA does not in general release statistics on many of the countries in Table 1. They also do
not include wages of U.S. residents who provide computer services to nonresidents.
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(2006).
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FIGURE 3 Top 30 country shares of reported exports of other business services and
computer and information services, 1995 and 2004 (2004 data not yet available for all
countries). For Hong Kong (China), India, and the Slovak Republic, data are for 2003.
Republished with permission from OECD Economic Outlook (2006). Based on IMF Bal-
ance of Payments Database, March 2006.
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puter and information services are shown in Table 1. Computer and information
services (NAICS 518) include the categories computer and data processing ser-
vices (NAICS 5181) and database and other information services (NAICS 5182).
This table was reorganized based on the tables of Business, Professional, and
Technical Services with Unaffiliated Foreigners from BEA. Ireland is included
in all other EU and is not identified in BEA’s tables. These export and import
transactions with unaffiliated foreigners are interfirm transfers, which are tradi-
tional trades. Note that “affiliated foreigners” are locally established affiliates of
multinational firms. The Asian Tigers consist of Korea, Singapore, Taiwan, and
Hong Kong. There are three things to notice about this table. First, at present the
numbers are small relative to total U.S. trade in services: exports and imports
of software services represent 3.3 and 1.0 percent of total exports and imports
of services, respectively. Second, the United States maintains a positive overall
balance in trade and services; moreover, over the period 1998-2004 exports of
computer services grew at a faster rate than imports (7.86 vs. 4.48 percent aver-
age annual growth rate [AAGRY]). Third, although imports of computing services
from India grew rapidly from 1994 to 2004, overall U.S. imports from India and
the other software underdogs are small relative to other estimates.

Data from other sources suggest that the U.S. data may underestimate imports
of software services. An OECD estimate indicates that over 90 percent of Indian
service exports to OECD countries are not accounted for in the data on service
imports published by these countries (OECD, 2004). Other analyses report similar
difficulties in tracking Indian software services exports to the United States. A
recent General Accounting Office (GAO) report notes that, for 2002, the United
States reported $240 million in unaffiliated imports of business, professional, and
technical (BPT) services from India, whereas India reported about $6.5 billion
in affiliated and unaffiliated exports in similar services categories (GAO, 2005).°
For 2003, the United States reported $420 million in unaffiliated imports of BPT
services from India, whereas India reported approximately $8.7 billion in affili-
ated and unaffiliated exports of similar services to the United States. The bulk
(40-50 percent) of the difference, according to the GAO, is because the United
States does not count the earnings of temporary workers resident in the United
States in services imports. Other sources include differences in coverage (e.g.,
embedded software is counted as exports of goods by the United States, or IT-
enabled financial services are not classified as IT services by the United States),
and because U.S. data do not indicate affiliated imports by country of origin.

As noted earlier, services trade data do not capture intrafirm migration of
software activity abroad. The BEA data on U.S. MNCs provide detailed informa-
tion on the investment and production activities of U.S. companies abroad.

°Affiliated trade occurs between U.S. parent firms and their foreign affiliates and between foreign-
owned firms in the United States and their foreign parent. Unaffiliated trade occurs between U.S.
entities and foreign entities that neither own nor are owned by the U.S. entity.
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Table 2 shows that growth in employment in IT services and computer de-
sign industries has been faster for foreign affiliates of U.S. firms than for their
domestic operations (AAGR 5.1 vs. 3.9 percent) due to faster growth among
foreign affiliates in computer design and related services.

Financing of Software Products and Services

Table 3 includes data on one of the inputs to software product and service
firms: financial capital. It includes data on disclosed rounds of venture capital fi-
nancing by year and by destination country as reported in the Venture Economics
VentureXpert database. As is well known, venture financing exhibits significant
yearly variation (e.g., Gompers and Lerner, 2006) and our data may not capture
all venture financing rounds. However, some broad trends are suggested. First,
similar to our data on inventive outputs (described in further detail later), the
United States clearly dominates in inputs of financial capital to emerging soft-
ware firms. However, based on data from 2002-2005, there is some evidence that
rounds of venture financing to the software underdogs declined less from their
2000 peak than did financing to U.S. firms.!® However, there was an apparent
decline in venture financing to these countries in 2005. In short, more years of
data are needed to discern whether there is a trend of increasing venture capital
financing to the software underdogs.

Regional Trends in Packaged Software and Software Services

In the previous section we showed that the United States represents the ma-
jority of world sales in packaged software. However, other regions of the world
have a large and increasing percentage of software services. In this section we
discuss some regional trends that are partially responsible for the geographic
variance in economic activity in packaged software and services.

Software Producers in Europe and Japan

In Western Europe, the software industry has long been dominated by cus-
tom software development and software services (Malerba and Torrisi, 1996;
Steinmueller, 2004).

Table 4 shows sales of software products and IT services in the EU15 dur-
ing 2003-2005.!" IT professional services such as consulting, implementation,

10The software underdogs consist of India, Ireland, Israel, Brazil, and China.

HThe EU1S comprised the following 15 countries: Austria, Belgium, Denmark, Finland, France,
Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden, and the United
Kingdom.
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TABLE 2 Growth in Employment for Foreign Affiliates of U.S. Firms vs.
Growth for All U.S. Establishments, Selected Industries, 1999-2002
1999 2002 AAGR

Information services and data processing services

Foreign affiliates of U.S. firms 104.5 132.0 8.1

All U.S. establishments 371.9 473.8 8.4
Computer system design and related services

Foreign affiliates of U.S. firms 157.9 172.9 3.1

All U.S. establishments 997.0 1,061.3 2.1
Total

Foreign affiliates of U.S. firms 262.4 304.9 5.1

All U.S. establishments 1,368.9 1,535.1 3.9

NOTE: AAGR, average annual growth rate.
SOURCE: Data on foreign affiliates of U.S. firms from table on selected data for majority-owned
nonbank foreign affiliates and nonbank U.S. parents in all industries, 2003. From BEA International
Economic Accounts, U.S. Direct Investment Abroad: Financial and Operating Data for U.S. Multina-
tional Companies. Data on all U.S. establishments from U.S. County Business Patterns data.

TABLE 3 Disclosed Rounds of Venture Financing by Country, 1988-2005
(thousands of dollars)

United States Other G-7 Underdogs All Other Total
1988 2,565 660 0 0 3,225
1989 15,000 2,465 0 0 17,465
1990 6,350 464 248 0 7,062
1991 1,100 0 0 0 1,100
1992 1,607 1,418 0 0 3,025
1993 15,247 582 0 0 15,829
1994 7,403 138 0 0 7,541
1995 14,340 0 0 0 14,340
1996 92,784 1,466 0 2,766 97,016
1997 242,873 0 0 7,049 249,922
1998 300,355 9,359 0 6,039 315,753
1999 1,068,310 68,011 28,666 21,102 1,186,089
2000 2,036,591 221,297 73,307 169,636 2,500,830
2001 460,911 83,944 32,256 16,629 593,740
2002 99,836 23,295 6,831 3,815 133,777
2003 173,205 14,607 15,251 167 203,230
2004 151,025 9,492 10,600 1,848 172,965
2005 138,428 2,000 2,000 59 142,487

SOURCE: Venture Economics VentureXpert database, and author’s calculations. Software in-
cludes rounds of financing from software and e-commerce software firms. Dates are round date of

financing.
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TABLE 4 Sales of Software Products and IT Services in the EU15

2003 2004 2005 Average Growth (%)

Software products 59,235 61,707 64,979 4.74

System software 30,944 32,537 34,536 5.64

Application software 28,291 29,169 30,443 3.73
IT services 112,472 116,149 120,913 3.68

Professional services 81,376 84,380 88,147 4.08

Support services 31,096 31,769 32,766 2.65
Total software 171,707 177,856 185,892
Percent services 52.67% 53.13% 53.74%

SOURCE: European Information Technology Observatory (2006).

and operations management are larger than the entire software products market.
Malerba and Torrisi (1996) identify several reasons for this focus on software
services, including a weak local IT hardware industry, first-mover advantages by
U.S. software product firms, fragmentation of local demand, and relatively little
interaction between European universities and industry. The largest European
producer of packaged software is SAP, the producer of enterprise software. SAP
is currently the third largest software product company by sales, behind Microsoft
and Oracle.

One surprising result in Figures 1 and 2 is that, in contrast to many other
technology industries, Japanese firms account for a very small share of the total
export market for packaged software. This is not a recent result; Japanese firms
have not ever been major players in the world market for packaged software,
despite their success in video games and in other IT markets. Japan runs a sig-
nificant negative trade imbalance in software: In 1997, Japan imported US$3.93
billion of software but exported only US$23.33 million (Asahi Shimbun, reported
in Anchordoguy, 2000).

A number of reasons have been provided for the relative weakness of Japa-
nese software producers, including challenges created by the Japanese language,
weak venture capital markets, weakness in intellectual property protection, and
weak university computer science education (Anchordoguy, 2000; Baba et al.,
1996; Cottrell, 1996; Fransman, 1995). Cottrell (1996) argues that weakness in
Japanese PC software production was due historically to a fragmented standards
environment, while Anchordoguy (2000) argues that the aforementioned proxi-
mate reasons were ultimately caused by Japan’s economic system of “catch-up
capitalism.”!?

12In particular, she argues that some of the key elements of the Japanese economic system—includ-
ing state targeting policies, its keiretsu industrial groups, bank-centered financial system, and weak
intellectual property system—have been benefited by its development of successful industries in steel,
semiconductors, and IT hardware but have hindered the development of its IT software industry.
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Other Countries That Are Large Software Producers

Rapid growth in the size of the Indian software industry has recently at-
tracted much attention in the academic and popular press (e.g., Athreye, 2005a;
Arora et al., 2001). Data from NASSCOM show that Indian IT services exports
grew from $22 million in 1984 to $10 billion in 2005, with an additional $3 bil-
lion due to R&D services, engineering services, and software products. As this
makes clear, the Indian software industry has largely been built around software
services rather than products. Athreye (2005a) estimates that in 2000, revenue
per employee among Indian software firms was approximately $35,100, up from
only $6,200 in 1993.

Some anecdotal evidence suggests that Indian firms are increasingly per-
forming more R&D-intensive activities. Athreye (2005a) notes the growth of a
new innovative sector of small niche companies. Moreover, there is evidence of
a deepening of R&D skills and the emergence of informal networks among local
firms in India. This is also some evidence of success in certain niche technolo-
gies such as wireless and embedded systems (Parthasarathy and Aoyama, 2006;
Ilavarasan, 2006); software for mobile phones represents a substantial category.
Some Indian firms have also had success in developing software products for the
developing countries market: one example is CITIL (now i-flex), a Citibank sub-
sidiary that initially produced software products for developing country markets
before eventually moving on to head-to-head competition with the established
incumbent producers in developed countries (Arora, 2006; Athreye, 2005b).
There are also some data on substantial and growing R&D activities in countries
such as India; Arora (2006) reports that total revenues for engineering services
and R&D by Indian producers in 2006 were estimated to be US$4.8 billion, a
23.1 percent increase over the prior year. In the next section we attempt to shed
some additional light on this issue by examining U.S. patent data.

The Irish software industry consists of two very separate subindustries, each
with very different characteristics. First, there is an overseas sector that is domi-
nated by MNCs. These firms primarily are engaged in software logistics (such
as media replication and printing and packaging production and distribution),
localization (such as translating and adapting software to suit European markets),
and development (O’Riain, 1999). Second, there is an indigenous sector that is
populated by smaller firms that is engaged in software development and product
development activities.

The number of MNCs in Ireland grew rapidly throughout the 1990s, from
74 foreign firms in 1991 to 140 foreign firms in 2000. As Arora, Gambardella,
and Torrisi (2004) note, this rapid growth was due to a number of factors, in-
cluding the liberalization of economic policies that began in 1991, a large and
well-educated English-speaking workforce, an advantageous site for localization
activities, as well as potential agglomeration economies that were ignited after
the Irish software-producing industry reached sufficient scale. MNC subsidiaries
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are engaged primarily in “low-value-added, low-skill activities such as porting
of legacy products on new platforms, disc duplication, assembling/packaging,
and localization” (Arora et al., 2004). Revenues and exports in the Irish software
industry have always been dominated by these MNCs. Sands (2005) notes that
total industry revenues grew from $2.66 billion in 1991 to over $18 billion in
2002, with MNCs continuously accounting for over 90 percent of the total. In
contrast, the indigenous sector is more product-based: it accounts for just under
half of employment; however, it accounts for only 9 percent of revenues. Indig-
enous companies are usually young and small, and often produce primarily for
niche or vertical (i.e., industry-specific) markets (Sands, 2005).

The software industry in Israel looks considerably different from that in
either Ireland or India. Compared to locally owned Indian or Irish firms, Israeli
firms are more product-based and are more R&D intensive. Breznitz (2005) notes
that revenue per employee for Israeli software firms was US$255,172 in 2000.
By his calculations, the similar statistic in 2000 for U.S. software publishers was
US$231,621 and for locally owned Irish software producers was US$90,000.
Breznitz (2005) examines the reasons for Israel’s product-based industry. He
provides several reasons: tight links between the R&D activities of Israeli univer-
sities and high-tech industries in the country; the presence of a highly successful
indigenous hardware industry; the presence of local market demand for new
products; the presence of American MNCs locating R&D facilities in Israel; and
the ability of the Israeli IT industry to raise capital in U.S. financial markets.

EMPIRICAL EVIDENCE ON THE LOCATION
OF INVENTIVE ACTIVITY

In this section we examine the global geographic distribution of inventive ac-
tivity in software. The data presented in the preceding section pointed to expand-
ing markets for software services abroad. Those data also show that the market
for packaged software continues to be highly concentrated in the United States,
and little evidence indicates that this trend is reversing. However, authors such
as Athreye (2005a) report increasing inventive activity in Indian firms, and other
authors have reported similar trends in Ireland (Sands, 2005) and China (Tschang
and Xue, 2005), as well as well-established software product industries in Israel
(Breznitz, 2005) and Brazil (Botelho et al., 2005). Software product sales are a
lagging indicator of inventive activity in software: Could inventive activity in
software be picking up in other areas of the world but not yet reflected in product
sales? If so, how significant are these developments in terms of number of inven-
tions and their importance? To answer these questions, one needs a measure of
R&D and inventive activity that is comparable across countries.

Patent data have long been used as one measure of inventive activity. Patents
have also been found to be correlated, although weakly, with R&D spending, so
they provide a