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Globalization’s Impact on
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i‘ » hile globalization has had a major impact on many aspects of the U.S.
economy, people have tended to distinguish between its effects on sectors
requiring lower levels of technological sophistication and worker skill (detri-
mental) and those requiring higher levels of both (beneficial). It has generally
been understood that U.S.-based firms’ temptation to go overseas to gain
access to lower labor costs is felt much more strongly in mature, low-tech
industries than in emerging, high-tech industries—and thus that high-tech
firms and workers in the United States are not as vulnerable to foreign compe-
tition as firms and workers in mature industries, But with the rise of China
and India, this sanguine assessment has come under question. The U.S. lead
in technologically sophisticated production—and the benefits in terms of
employment and wealth creation—can no longer be taken for granted.

The wealth and diversity of the U.S. economy is still unmatched by any sin-
gle national economy (the European Union is a match in size but not yet in
market integration), but the advantage that accrues from its “knowledge
industries™ may be dissipating. Globalization begets knowledge diffusion, and
the United States can no longer depend on maintaining domestic technologi-
cal advantages in a broad range of high-tech industries to guarantee wealth
creation and employment. The United States remains a kev location for
knowledge creation and diffusion, but is increasingly competing with other
locations in high-technology industries such as, for example, digital televisions
and flat-panel displays. According to Jeffrey Macher and David Mowery:

The improved capabilities of [foreign| scientists and engineers ... and the
changing outlook of demand and growth in the U.S, and forcign markets . ..
may be causing more rapid shifts in competitive advantage and affecting a



broader range of activities, including innovation-related activities, than in car-
lier decades.’

‘ven in industries in which knowledge has not diffused as widely, as in
wdvanced software and biotechnology, U.S.-based multinational enterprises
MNESs) are looking for ways to reduce costs by establishing research cen-
ers in developing countries, outsourcing labor-intensive manufacturing
nd services activities, and contracting out easily codifiable technological
vork to lower-cost engineers in the developing world.?

This chapter examines the impact of globalization on a variety of high-
ech industries that are important for the U.S. economy. After a brief discus-
ion of the role of MNEs in knowledge diffusion and the rise of India and
“hina, the chapter surveys the process of globalization in several high-tech
ectors: semiconductors, cellular telephones, software, consumer electronics,
figital television, personal computers, wide-body jet aircraft, and biotech-
10logy. Each section describes the patterns of globalization in the given
ndustry and how its distinct industry characteristics affect these patterns.
[he chapter closes with some conclusions about the impact of globalization
n American firms and workers.

MULTINATIONAL ENTERPRISES IN HIGH-TECH
NDUSTRIES AND THE RISE OF INDIA AND CHINA

Globalization is “‘the increasing integration of input, factor, and final
roduct markets coupled with the increasing salience of multinational enter-
rises’ cross-national value-chain networks.”™ The essence of contemporary
conomic globalization is the greater role of MNEs and foreign direct
nvestment (FDI) in the economic flows that increasingly integrate the world
«conomy. MNEs engage in FDI for two reasons:

. To gain access to overseas markets that would otherwise be closed to them
. To gain access to less-expensive inputs for products and services so that
they can compete effectively in world markets

The first is sometimes called horizontal FDI and the latter vertical FDI*
Jorizontal FDI tends to go to relatively wealthy regions of the world,
vhereas vertical FDI usually goes to developing countries that have low
vages or some other price-based advantage such as an abundance of raw
naterials or encrgy.

A major concern in recent years is that vertical FDI by high-technology
irms has reduced the international competitiveness of MNEs” home countrics
including the United States) because it results in the transfer of knowledge to
he host countries. Whereas in previous eras scientific and technological
nowledge was created in relatively restricted geographic regions and then
pread slowly to others, now the time lag in the transter of knowledge from
cgion to region is much shorter than in the past, in part due to the increased
ole of MNEs in the globalizing world economy. But there may be other fac-
ors contributing to the more rapid diffusion of knowledge in recent decades.




MNEs have a strong interest in creating and diffusing technology inter-
nationally, especially when doing so permits them to be more internation-
ally competitive. Ever since the end of World War II, there has been
considerable pressure on U.S.-based MNEs to locate not just sales and
manufacturing facilities but also research and development (R&D) opera-
tions in countries where they operate. Undl fairly recently, these pressures
were felt primarily in Western Europe and Japan, but recently MNEs have
begun to locate R&D facilities in other regions as well, often in search of
less expensive scientific and engineering talent.?

The reduced time required for knowledge to diffuse globally is a result
partly of the actions of MNEs but also of changes in levels of governmen-
tal support for knowledge-creating institutions such as universities, science
parks, and R&D laboratories (public and private). National governments
use a variety of industry-promoting schemes to reduce the risk of investing
in new industries for domestic firms. They have undertaken major invest-
ments in higher education, sometimes in the form of building new domes-
tic colleges and universities, but also in scholarship programs to enable
their citizens to obtain advanced training abroad. The increase in the inter-
national flows of scientists and engineers is a result.®

MNEs have played a crucial role in diffusing state-of-the-art manufac-
turing technologies to low-wage countries in the developing world.” Not
all developing countries have benefited, because of the need to have a local
core of skilled personnel to absorb new technologies successfully. But
other factors have made it casier for MNEs to transfer new technologies
to industrializing countries. Increasingly, MNEs headquartered in middle-
income developing countries (such as South Korea and Taiwan) are locat-
ing labor-intensive processes in lower-wage countries such as China.
Meanwhile, in certain high-tech industries—especially those within the
broader service sector—India has emerged as a primary destination for
MNE investments.

In addition to their large size, China and India share a number of character-
istics that are sometimes linked to economic globalization: rapid growth rates,
a new set of policies aimed at improving export performance, and renewed
emphasis on entreprencurialism and private initiative. They differ, however, in
the types of export successes they have enjoyed: China excels at manufacturing
and exporting goods that have a high labor content; India’s forte is providing
services internationally via, for example, call centers, business process out-
sourcing, and contract software engineering. India so far has not done well in
manufacturing nor has China made major inroads in services.®

Labor costs in China and India are lower than those not only in the indus-
trialized world but also in the emerging countries of Latin America (Mexico
and Brazil) and East Asia (Korea, Taiwan, Singapore, and Hong Kong). The
same holds for engineering costs. For example, assembly labor costs
(including overhead) are less than $10 per hour in China and India, but more
than that in Southeast Asia and Mexico. In the United States, Japan, and
Western Europe, assembly labor costs are more than $30 per hour when over-
head is included.” Average base salaries for electronic engineers in the United
States in 2006 were $82,000, in Japan $63,000, in Taiwan $20,000, and in



weuna 210,000, When productivity per worker begins to approximate that
of the United States, jobs are likely to move.

What follows is a survey of how this movement occurs—that is, how
globalization processes diffuse both employment and production—across a
number of sectors that broadly qualify as “*high-tech.” These brief histor-
ies provide a sense of how the diffusion of high-technology production
and employment has occurred across industries, setting up a comparison
of patterns that will help us better understand the implications of global-
ization processes for the United States.

SEMICONDUCTORS

Most semiconductor devices now take the form of integrated circuits—
small rectangles of silicon upon which electronic components (transistors,
capacitors, resistors, etc.) are fabricated and connected by very thin metal-
lic lines to form working electronic circuits. The key fact regarding the
globalization of this industry is that the technology for the manufacturing
of simpler integrated circuits, such as dynamic random access memories
(DRAMs), diffused quickly from the United States to Japan to Korea and
Taiwan and now to other industrializing countries, including China.'' The
ability to design and manufacture more complex circuits, such as micro-
processors and application-specific integrated circuits, did not diffuse as
rapidly. The two U.S. microprocessor giants, Intel and AMD, remain the
dominant players in microprocessor markets and account for a large per-
centage of global semiconductor sales.'*

In the 1980s, when knowledge about how to manufacture DRAMs began
to move from the United States to East Asia, it was feared that all innovation
in integrated circuits would follow, because, it was argued, the ability to man-
ufacture DRAMs in high volumes would allow Asian firms to overtake Ameri-
can companies in designing and manufacturing more advanced circuitry. That
this succession did not happen is an important reminder that diffusion of
knowledge about new process technologies does not necessarily mean diffu-
sion of knowledge about the design of new products.

Another important fact about globalization in the semiconductor indus-
try is that a global division of labor emerged in the 1990s between the
firms that designed and those that manufactured circuits.'® In order for
so-called design houses that specialized in circuit design to succeed, there
had to be “foundries”—firms that specialized in circuit manufacturing on
a contractual basis.

Foundries arose first in Taiwan, as key firms in that country decided that
their best strategy for becoming internationally competitive in the industry
was to focus on perfecting the process technology and let others do the
designs. These firms were founded or run by Taiwanese nationals who had
been trained in the United States or who had worked for U.S. semiconductor
makers previously. The Taiwanese companies that adopted this strategy did
not do so until it was clear that their earlier strategy of doing both design and
manufacturing would not succeed. The Koreans, who entered the markets at
about the same time, mostly avoided the foundry strategy.'*
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Figure 7.1. Employment in High Technology Industries in the United States,
in Thousands, 1958-2004
Source: U.S. Bureau of Labor Statistics, hrtp://www.bls.gov

Global revenues in the industry exceeded $260 billion in 2006. Intel
and AMD were among the top ten firms in terms of revenues in 2006,
Intel was the top money earner, accounting for more than 12 percent of
world revenues, while Samsung of Korea was second. Intel’s and AMD’s
U.S. operations, especially their R&D operations, were crucial to the over-
all success of the two firms, but both had invested in foreign fabrication
facilities in order to service foreign markets in Europe and Asia.

Employment in the U.S. semiconductor industry grew rapidly from the
1970s until the mid-1980s, when it began to plateau at around 600,000
workers and then declined slightly (see figure 7.1).° Manufacturing
employment shifted away from simpler devices like DRAMs toward more
complex devices like microprocessors. R&D and circuit design remained a
source of well-paving jobs, especially for engineers and highly skilled work-
ers, but the industry also generated emplovment for less-skilled workers.

While the percentage of skilled and professional jobs in the semiconductor
industry was typically much higher than that in, for example, the consumer
clectronics industry, stll over 40 percent of the jobs were semiskilled or
unskilled as of the mid-1980s. Even though manufacturing was highly auto-
mated, there was still a need for people to do things that could not be auto-
mated economically.'®

CELLULAR TELEPHONES

Large-scale sales of cellular telephones did not begin until the 1990s. Once
they began, however, the volume of sales was astounding. In 2005, for exam-
ple, more than 800 million cellular telephone handsets were sold.'” In-Stat
reported world revenues of $112 billion for the industry that year.'® The
three market leaders that vear were Motorola (U.S.), Nokia (Finland), and
Samsung (Korea).



—.v uave been three generations of cellular phones so far. The first
generation was pioncered by Motorola with the release of its DynaTAC
8000X model in 1983 after it received approval from the Federal Commu-
nications Commission (FCC). The first cell phone network with automatic
roaming was built in Saudi Arabia in 1981. First-generation cell phones
were much larger than they are now, but as time went on, their size was
reduced to make them more portable.

The second genceration of cell phones was pioneered in Western
Europe. The key difference between first- and second-generation (2G) cell
phones was that the first generation used analog signals and circuitry while
the second was primarily digital. The Europeans negotiated a common
standard, GSM (Global System for Mobile Communications), and opened
the first GSM network in 1991. The U.S. government did not impose a
single standard for 2G phones, and some argue this limited the ability of
American firms such as Motorola and Qualcomm to compete globally. Eu-
ropean firms, including Nokia, Siemens, and Alcatel, were successful in
sclling handsets during this phase. GSM was adopted widely outside
Europe, and even U.S. manufacturers produced GSM handsets for those
markets.

The third generation of cell phones, deploved in the first decade of the
new millennium, increased the capabilities of networks to allow them to
carry various kinds of data other than voice communications and to do so
at higher speeds than was possible with 2G networks. Third-generation
(3G) handsets had greater graphics capabilities and were capable of many
computer-like functions. The two leading standards for 3G phones were
the American CDMA (Code Division Multiple Access) and the European
UMTS (Universal Mobile Telecommunication S‘\'s-tc:n‘l)‘IU At first, it
appeared that the system from Japan’s NTT DoCoMo was a clear winner
in 3G services, but that impression turned out to be premature. Similarly,
an experiment in mobile television using cell phones in Korea proved to
be initially unsuccesstul. It was still too early to tell who the most compet-
itive manufacturers of 3G handsets would be.

Cell phone manufacturers are major customers of semiconductor firms
such as Texas Instruments (TT). Chips for cell phones can be quite simple
or very sophisticated, depending upon the complexity of the handset. So
far, consumers scem to be favoring simpler handsets, but as they get used
to 3G services, that may change.

Most assembly of cell phones occurs in East Asia and increasingly in China.
Thirty percent of Motorola’s cell phone handsets, for example, come from
one plant in China. When the giant plant in China opened, workers in several
Hlinois plants were laid off.>" VTech assembles more than 11 million cell
phones annually for Nokia in its plant in Dongguan, China. Chinese workers
there, mostly female, carn $120 per month and work twelve-hour days, seven
days a weck, when demand is strong.”!

While assembly jobs have moved in large numbers to East Asia, R&D
and management jobs remain primarily in the home countries of cell
phone MNEs. Marketing jobs were located wherever there were major
markets.




PACKAGED SOFTWARE

There has been much talk about the impact of globalization on the sofi-
ware industry, but the evidence to date shows that, despite the hype, relatively
few jobs have been outsourced to low-wage countries like India. Most of the
outsourcing is domestic.>? There is a trend toward outsourcing certain types
of software maintenance and revision of so-called legacy systems®* to India
and clsewhere as the number of U.S. programmers who are trained to pro-
gram in older languages such as FORTRAN and COBOL has declined.

A major push to sell Indian software services to U.S. firms occurred in the
years leading up to the year 2000, as part of the global response to the “Y2K
problem” (basically a problem created by the programming of chip-based cal-
endars carlicr in the twentieth century), but the problem was dealt with pri-
marily in other ways. For example, many large firms simply scrapped their
legacy systems and purchased modern database and enterprise packages
oftered by firms such as Oracle, SAP, and PeopleSoft.

Global packaged software revenues were more than $380 billion in
2005. Microsoft’s software revenues alone in that year exceeded $44 bil-
lion. There were about 2.8 million employees worldwide in the industry.
The Bureau of Labor Statistics of the U.S. Department of Commerce esti-
mated that there were roughly 800,000 software engineers emploved in
the United States, about half of whom worked for packaged software com-
panies. Toral U.S. software employment was around a million workers and
total U.S. software revenues were approximately $200 billion in 2001.

Software, and particularly packaged software, seems to be an industry
that U.S. firms continue to dominate and where employment, particularly
of very high-skilled workers, remains high. However, there has been some
dropoff in overall employment in recent years (see table 7.1).%* Competi-
tion from lower-skilled software engineers in India and elsewhere has
reduced the wages of lower-skilled U.S. software workers, and even some
highly skilled workers are noticing the effects of globalization.

Table 7.1.

Software Workers and Revenues by Country, 2001

Country Workers Revenues
United Stares 1,000,000 5200 billion
Japan 530,000 $85 billion
Germany 300,000 $40 billion
India 250,000 $8.2 hillion
China 160,000 $7.4 billion
Brazil 190,000 §7.7 billion

Source: Ashish Arora and Alfonso Gambardella, “The Globalization of the Software
Industry: Perspectives and Opportunities for Developed and Developing Coun-
tries,” NBER Working Paper No. 10,538, National Bureau of Economic Rescarch,
June 2004, p. 3, available at http://www.heinz.cmu.edu/wpapers /retrieve PDF
1id=2004-16.
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CONSUMER ELECTRONICS

Consumer clectronics manufacturing comprises audio and video equip-
ment, including receivers and recording devices, along with home personal
computers (PCs) and a range of portable electronic devices such as personal
digital assistants (PDAs) and calculators. It is not a new industry: its roots can
be traced back to pre-electronic devices; the initial such product that sold in
the millions worldwide was the record player or Victrola. The introduction of
transistors in the 1960s and integrated circuits in the 1970s reinvigorated the
industry and made it possible for new players to enter the market and survive,
In 2005, U.S. sales of consumer electronics were around $125 billion. The
global market was approximately four times larger.

In consumer electronics, there was very rapid change in international eco-
nomic competitiveness over time. In the 1920s and 1930s, the United States
was the global leader in the building of radios and the deployment of radio
networks. The United Kingdom used a different model for developing radio
broadcasting, centered on public rather than private broadcasting, which
proved equally effective in promoting both consumer electronics and radio
broadcasting. After World War II, the United Srates led in the development of
television technology and broadcasting, again relving primarily on private
competition. Britain was somewhat slower, but continued with its public
broadcasting approach. The Japanese and other European governments
mostly followed the British approach.

In the 1960s, a major shift occurred with the development of transis-
torized radios and televisions. Japanese firms moved more quickly than
their U.S. counterparts to incorporate the new technologies into consumer
clectronic equipment, and their share of the global market increased rap-
idly as a result. There was also a bit of predatory pricing, but the most im-
portant factor was the rapid incorporation of new technologies. By the
late 1980s, there was only one major consumer clectronics firm operating
in the United States: Zenith. At the beginning of the 1950s, there had
been 140 firms in the industry; by 1956, 56 remained, by 1960 12, and
by 1980 only 5.°

In Europe, an effort was made to protect domestic consumer electronics
firms from American and Japanese competition by adopting incompatible re-
gional standards and refusing to license the technologies associated with those
standards to foreign firms. This worked for several decades—although at con-
siderable expense to consumers—until European firms began to realize that
they could build European-standard equipment in Asia for less than they
could in Europe. Still, some effort was made in the 1980s to use the transition
to high-definition television (HDTV) as a way of maintaining the standards
barriers to Asian competitors.®

Competition for Japanese and Western European firms from Korean and
Taiwanese companies began to intensity in the 1980s. By the end of the
1990s, almost all lower-priced color TVs and videocassette recorders were
made in Korea and Taiwan. The Japanese and Europeans moved upmarket to
wida_cereen televisions and HDTV systems. The Koreans moved to higher
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value-added products, too, but at a somewhat slower pace. By the early
2000s, two Korean firms, Samsung and LG, had become major competitors
to the Japanese consumer clectronics giants Toshiba, Sharp, Mitsubishi, and
Matsushita (Panasonic). New companies like Haier from China were also
coming in at the lower end of the market, just as Korean and Taiwanese firms
had done two decades earlier.*”

Global consumer electronics sales were around $302 billion in 2006,>%
and U.S. sales were roughly $145 billion of that. Very little of U.S. con-
sumption was domestically produced; most was manufactured in East Asia.
There has been some increase in U.S. jobs in this industry due to the suc-
cess of portable devices like MP3 players, PDAs, advanced cell phones,
and satellite radios, but as in other industrics, most new jobs arc not in
manufacturing but in design, R&D, and marketing.

DIGITAL TELEVISION

The digiral television market is a rapidly growing part of the larger con-
sumer electronics market. The adoption of digital TV standards in the
1990s has resulted in new digital services that require digital TV receivers
and peripherals. As one would expect, the general pattern of development
and manufacturing of digital TV receivers is similar to the previous pattern
of development and manufacturing of analog TVs. Most digital TVs are
manufactured in Asia for distribution in the rest of the world. Some large-
screen sets are assembled closer to final markets because of higher trans-
pt)rtation COSLS.

There are a few exceptions to the East Asian dominance of consumer elec-
tronics in the case of digital TVs. A few new digital TV technologies were
developed in the United States, and some of these have become important
in the transition to digital TV. For example, the digital light processor
(DLP) invented and developed commercially by Texas Instruments for pro-
jection TVs has generated revenues for TI and jobs for U.S. workers. TT's
strategy has been to license DLP technology to consumer electronics manu-
facturers rather than to manufacture TVs themselves, so the benefit of this
technological innovation has been felt mainly by TI stockholders.?”

A handful of small U.S. firms have developed new digital TV technologies
that they hope will be competitive with the more mainstream technologies
(plasma display panels, liquid crystal displays, and projection TVs). An exam-
ple is a small company called Brillian that developed a liquid-crystal-on-silicon
(LCOS) technology and marketed its own brand of LCOS digital TVs.
Another small firm that was an innovator in plasma technology, Plasmaco, was
acquired by Matsushita and is now a division of that firm.

PERSONAL COMPUTERS

The personal computer industry is younger than the consumer electron-
Ics industry, dating only from the mid-1970s. PCs were not economically



v wuul the mvention of the integrated circuit in the early 1970s. By
2005, however, global PC sales were around $200 billion (about 200 mil-
lion units). Revenues continued to rise despite declining prices, because
lower prices tended to result in a higher volume of sales.

The leading firms in the personal computer industry were American
from the start, with some limited competition from Japanese firms such as
NEC, but only in Asian markets. At first, PC sales were limited to hobby-
ists. Apple was the first to sell millions of PCs by focusing on educational
markets, but its sales were eclipsed by IBM and IBM-compatible PCs by
the mid-1980s. European firms such as Olivetti and Siemens did well ini-
tially in Europe but fell by the wayside when they were unable to keep up
with the more innovative U.S. firms. American corporations such as IBM,
Compaq, Hewlett-Packard (which later merged with Compaq), and Dell
remained industry leaders in desktop computers and in related markets like
network servers, but in notebook (previously called laptop) computers,
Taiwanese manufacturers became the undisputed leaders by the 1990s.
Even though many firms have marketed notebook computers under their
own brand names since then, most of these were made by Taiwanese origi-
nal equipment manufacturing (OEM) companics.

How did the Taiwanese notebook firms come to be so competitive in
this industry? Most accounts show that a combination of government
industrial policies and the actions of private entreprencurs are needed to
explain the outcome. On the government side, subsidies for the petro-
chemical industry led to competitive strengths in chemical engineering
that produced very strong skills in manufacturing processes and particu-
larly in the plastics that are used to construct printed-circuit boards. This
led to later governmental programs and private investment to promote the
board-stuffing industry. The learning that came from board stuffing made
it possible for firms to compete for OEM contracts with foreign computer
manufacturers. Taiwanese clectronics engineers who had been working for
firms abroad were induced to come home to work in the domestic clec-
tronics industry. A few homegrown firms such as Acer and Prime Com-
puter went on to assemble notebook computers under their own labels.
The key point, however, is that neither private investment nor government
subsidies alone would have done the job: it required a combination of
both to make the Taiwanese firms internationally compertitive.>”

A key event in recent years was the sale in 2005 of IBM’s PC opera-
tions to the Chinese firm Lenovo for $1.25 billion. This deal permitted
10,000 IBM emplovees to continue in their PC-related jobs in North
Carolina alongside the more than 9,000 employees of the Chinese firm.
Lenovo was to supply computers to IBM for the latter to sell under
its own brand name for at least five years; IBM would provide technical
assistance. The new firm became the third largest PC maker in the world
after Dell and Hewlett-Packard. The deal in its essence was a way for IBM
to gracefully exit a relatively unprofitable market and a recognition of the
increasing tendency for clectronics assembly to migrate to China, where
the costs of electronics assembly were low and the domestic market was
growing rapidly.




WIDE-BODY JET AIRCRAFT

The design and final assembly of wide-body jet aircraft is done globally by
two firms: Boeing and Airbus. Airbus replaced McDonnell Douglas in the
1990s as the second largest firm. There has been a long-standing dispute
between the United States, the home of Boeing, and the European Union,
the home of Airbus, over the question of government subsidies for the aircraft
industry; each claims the other unfairly subsidizes its producer.

Even though assembly of aircraft takes place mainly in the home regions
of the two firms, there has been a trend toward international outsourcing
of components. Boeing, for example, contracted with Japanese firms for
production of components for its 767, 777, and 787 models.

U.S. jobs in the aircraft industry declined sharply from 552,000 in
1994 to 432,000 in 2004 (sce figure 7.1). Obviously some of this job loss
is the result of increasing competition from Airbus, but David Pritchard
and Alan MacPherson argue that it is also partly a result of Boeing’s out-
sourcing policies, which are themselves a result of insufficient public and
private investment in R&D in new composite materials.®’

Boeing currently outsources about 60 percent of the value-added of its
production to external suppliers. Tt does this not only to reduce costs but
also to get access to needed capital and technology. The overall business
strategy for the firm focuses on generating additional revenues and profits
from after-sales services to customers. Thus, as in the case of large infor-
mation technology firms like IBM, Boeing has shifted away from manufac-
turing and toward services in its attempt to maximize profits. In 2005,
Boeing’s revenues were just short of $55 billion.

BIOTECHNOLOGY

Biotechnology is not new, but modern biotechnology depends on sci-
entific knnwlc.:iégc of genetics, proteins, and cell dynamics of relatively
recent origins.”” Applications in modern biotechnology in agriculture are
particularly important and widespread, but the largest revenues and profits
so far are going to those firms that have harnessed biotechnology to the
task of creating new pharmaceuticals and medical therapies.

U.S. firms such as Cetus, Cal Bio, Calgene, and Genentech were widely
recognized as pioneers in the industry of the 1980s. Only a few of the
start-up firms that began the biotech revolution went on to develop and
commercialize biotech products and services, and only a few of these were
able to do so successfully. Others were sold to larger pharmaceutical and
chemical companies or went out of business. Still, the number of biotech
start-ups continues to grow, especially in the United States, as the sciences
of genomics, proteomics, and metabolomics develop.®?

Global revenues for the biotech industry in 2005 were about $54 bil-
lion. U.S. revenues, at $42.7 billion, represented 78 percent of the global
total. Global employment in the industry was approximately 183,000, of
which 75 percent (137,000 jobs) was in the United States (see figure

7.1).** Total U.S. biosciences employment was much larger, approximately



s.2 munon m 2005.7 Many of these jobs were likely to be affected by
advances in biotechnology, even though the direct employment of workers
by biotech firms remained relatively small. The average annual income of
U.S. biotechnology workers was more than $60,000, considerably higher
than in other industrics.

Some of the factors mentioned for the success of the U.S. industry in
the literature on modern biotechnology are:

1. Generous federal funding of research in biological sciences, informatics,
and health

2. Awailability of venture capital for start-ups

3. Health policies favoring the creation, development, and marketing of
new pharmaceuticals and therapies

4. The breadth and strength of U.S. university-based research in biotechnology-
related fields

Although the number of countries with national programs to promote bio-
technology has risen to more than fifty, including India and China, so far very
few globally competitive biotech firms have emerged. This is clearly not a per-
manent situation, and there is some worry that the Bush administration’s ban
on federal funding for new stem-cell lines has forced some U.S. firms to look
for foreign partners to continue their research in that arca. Still, there is some-
thing about the U.S. business environment that is exceptionally tavorable to
the growth of this still rather voung industry.

CONCLUSIONS AND IMPLICATIONS: COMPARING
HIGH-TECHNOLOGY INDUSTRIES

I have sought to summarize the discussion of individual industrics above in
figure 7.1 and table 7.2. Even though the pioneers in these industrics were
often U.S. firms, the recent industry leaders varied considerably in nationality.
In younger industrics, such as modern biotechnology, the leading firms were
still. American, but in even slightly older industries, cellular telephones, for
example, there were industry leaders in other countries.

The shift to overseas development and manufacturing occurred mostly
in the oldest of the eight industries: consumer electronics. Manufacturing
but not development had shifted in a much younger industry, cell phones.
In a relatively young segment of the consumer clectronics market, digital
TV, firms in countries like South Korea and Taiwan were ahead of or fully
competitive with those in the United States and Japan. Western Europe
and Japan had corporations that could compete with U.S. firms, but in
the last decade or so in particular industries, businesses in industrializing
countries such as Korca and Taiwan could be found in the lists of top
firms globally. Chinese enterprises were beginning to flex their muscles in
consumer electronics, and China was becoming the location of choice for
high-labor-content manufacturing in cell phones, digital TVs, and PCs
(the IBM/Lenovo deal being a prime example of this).



Table 7.2.
Industry Comparisons

Industry

Dominant Firms

Diffusion Pattern

Division of Labor

Semiconductors

Cellular Telephones
Packaged Software
Consumer Electronics

Digital Televisions

Personal Computers

Wide-Body Jet Aircraft

Biotechnology

Intel, AMD, Hitachi, Fujitsu,
Samsung, UMC

Mortorola, Nokia, Samsung, LG

Microsoft, IBM, SAP, Oracle,
PeopleSoft

Sony, Toshiba, Hitachi, Sharp,

Samsung, LG, Philips

Same as consumer clectronics

Dell, HP, IBM (Lenovo), Acer

Bocing, Airbus

Genentech, Eli Lilly, Monsanto,
GSK, Novartis, Aventis

U.S. to Japan to Korea/Taiwan

U.S., Japan, and Europe to Korea
U.S. still dominant

U.S. and Europe to Korea, Taiwan,
and now China

Japan to Korea and Taiwan

U.S, to East Asia

U.S. to Europe

LS. sull dominant

Package assembly in low-wage
countries; foundries vs.
design houses

Handsers assembled in low-wage
countries (China)

Low-tech software to India, Israel,
and Ireland

Some assembly of large TVs close
to markets

Some assembly of large TVs close
to markets; assembly of LCD
pancls in low-wage countries
(China)

PCs assembled close to markets;
displays made in East Asia;
assembly of components in
low-wage countries

Increasing contracting out of
components to industrializing
countrics

Outsourcing in clinical trials;
routine lab work
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To return to figure 7.1, the fastest and most important growth in U.S,
employment in the high-technology industries discussed here was in soft-
ware and computer services jobs. Biotechnology jobs increased, but were
still fewer than 200,000 in 2005, whereas software and computer services
numbered well over a million. Aerospace jobs hovered between 600,000
and 700,000 until the early 1990s and then began to decline somewhat.
Semiconductor employment rose from the 1960s to the mid-1980s to
around 600,000 and then flattened out.

In recent vears, jobs in all of these industries, with the exception of biotech-
nology, grew more rapidly in East Asia than in the United States, albeit from a
lower base. India experienced major growth in software and computer services
jobs, while Korea, Taiwan, and China saw rapid expansion in employment in
¢lectronics manufacturing. One of the reasons for the relatively higher growth
rate in high-tech jobs in East Asia is globalization, but globalization does not
explain why the increase in jobs occurred in those countries as opposed to
somewhere else.

Part of the explanation for the migration of high-tech jobs and wealth
creation to Asia was the gradual but accelerating rate of diffusion of
knowledge globally. But it is important to note that East Asian govern-
ments actively promoted investment in high technology, which had the
result that new industrial technology and knowledge could be created out-
side the industrialized core. U.S.-based MNEs such as IBM, Motorola,
and Boeing and European firms like Thomson, Philips, Nokia, and Airbus
added to this trend by offshoring and outsourcing some activities to East
Asia. Japanese firms that did not previously do much outsourcing were
increasingly matching U.S. and European firms and sometimes jumping
over them in their quest for a globally competitive edge.

One could argue that these trends are simply a consequence of the freer
flow of goods, services, and information across national borders that came
with globalization, and that there is no need to fight them. From this per-
spective, one might want to minimize the impediments to globalization as
part of a general strategy of maintaining national economic competitive-
ness and maximizing the number of well-paving jobs. Nevertheless, the
rapid shift in revenues and employment have caused significant difficulties
in the U.S. economy, especially in older industries and in jobs held by
individuals who were vulnerable to rapid change. What this chapter shows
is that growth in jobs in some U.S. high-tech industries, especially elec-
tronics manufacturing, was lower in recent years than it had been in the
past partly as a consequence of globalization. )

It would be incorrect to jump to the conclusion that globalization 15
bad for the United States, however. While job growth rates in some indus-
tries have declined, in others they have increased. Overall, the employment
picture remains good for U.S. workers. There has been downward pressur
on wages in some industries, but not in others. While U.S, firms are going
abroad in search of lower costs, thev still maintain a major presence
domestically not just for marketing but also for design, R&D, and other
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More generally, while it may be possible to blame globalization for out-
sourcing and slow employment growth within high-tech U.S. industries,
we cannot say for sure that the prospects of U.S. firms and their employ-
ees in these sectors would have been any better absent globalization—that
is, without the better access to global markets and the efficiencies possible
through global production.

Given that economic globalization is our current reality, U.S. policy makers
should focus on enhancing U.S.-based firms” competitiveness in these high-
tech industries. Several prescriptions emerge from this chapter’s analysis:

1. Look for ways to spread the wealth and jobs created in rising high-
technology industries (advanced software and biotechnology, for exam-
ple) to the rest of the economy.

2. Do not put handcuffs on firms in either mature industries or high-tech
industries that are increasingly competing with firms in Europe and
Asia to prevent them from using globalization to remain internationally
competitive,

3. Keep training scientists and engineers from around the world in U.S.
colleges and universities, but try to induce as many as possible to stay
in the United States to build U.S. competitiveness.

4. Keep training workers for expanding high-tech industries so these
industries do not have to deal with shortages of skilled workers.
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