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CHAPTER 1
Part A: Summary

Is the United States in danger of losing, to
the Japanese or others, in the race to develop
new high-technology electronics products—
fifth-generation computers, high-density inte-
grated circuits, pocket televisions? Does the de-
cline of the American consumer electronics in-
dustry prefigure that of semiconductors or
computers? Is U.S. standing in world markets
deteriorating because of poor management,
slipshod Government policymaking, overregu-
lation of business? Will work in automobile
production or heavy industry be permanently
replaced by high-technology jobs fewer in num-
ber and paying wages at half the level of the
$15 to $20 per hour earned by auto or steel-
workers? To what extent can electronics stand
for other technology-based U.S. industries?
Which policies of the Federal Government are
most crucial to the international competitive-

ness of industries like electronics? Does the
United States need a more coherent industrial
policy?

These questions and others like them are ad-
dressed in this report, which covers three por-
tions of the industry: consumer products (pri-
marily color television); semiconductor devices
such as integrated circuits; and computers. The
focus of the report is the United States, but con-
siderable attention goes to the electronics in-
dustries of Western Europe and Japan, as well
as several of the newly industrializing coun-
tries.

Electronics in total employs more than a
million and a half Americans; 1982 sales ex-
ceeded $125 billion—roughly one-fifth of total
U.S. durable goods output—and have been
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4 International Competitiveness in Electronics

growing at nearly 15 percent per year; the sec-
tor is an export leader, with a surplus of about
$3 billion on a total trade volume of nearly $50
billion. The industry’s products feed many
other portions of the U.S. economy. Not only
does the Nation’s defense depend heavily on
electronic technologies, but both manufac-
turing and service industries—ranging from the
production of numerically controlled machine
tools to banking and insurance—use electronic
products both directly and indirectly.

The competitiveness of firms and industries
refers to the ability of firms in one country to
design, develop, manufacture, and market their
products in competition with firms and indus-
tries in other countries. At several points
below, shares of the U.S. market or of world
markets are used as examples of trends in in-
ternational competitiveness; in fact, however,
competitiveness is a more subtle concept.
While market share is one possible indicator,
it is only indirectly related to competitiveness,

How an industry will fare in international
competition depends on factors ranging from
technology itself, to industrial policies pursued
by national governments, to the human re-
sources—technicians to upper-level manag-
ers—available in a given country. In some
cases, competitiveness is primarily a function
of prices, hence manufacturing costs—them-
selves determined by wage rates, labor produc-
tivities, the design of both products and man-
ufacturing processes. This is the case in con-
sumer electronics. In higher technology por-
tions of the industry, one firm may be able to
offer products that are beyond the technical
capabilities of its rivals—e.g., high-density in-
tegrated circuits, advanced computer software.
Where this is true, costs are less important.

From the Federal perspective, shifts in the
international competitiveness of American in-
dustries have ramifications far beyond matters
of trade balances and foreign economic policy,
even military security. The competitive stand-
ing of a nation’s industries will determine quite

directly its gross domestic product, and there-
fore the standard of living of its citizens.

The linkage between competitiveness and
employment—in the aggregate, in particular
sectors, or in particular occupational catego-
ries—is much looser. Industries can rise in
competitiveness while declining in employ-
ment—the case in the U.S. textile industry in
recent years. In other cases, competitiveness
may remain high, output may expand, but do-
mestic employment may grow relatively slowly
compared to output; this has been the case in
both the U.S. semiconductor and computer in-
dustries. Similarly, domestic employment is
only loosely related to trends in foreign invest-
ment or to government policies directed at con-
trolling flows of imported goods; trade protec-
tion has helped the employment picture in the
U.S. consumer electronics industry no more
than it has in the steel industry or the automo-
bile industry.

While the competitiveness of a given sector
of the U.S. economy depends on both domestic
and international economic forces, the domes-
tic context—e.g., people and institutions here,
not overseas—generally carries the most weight
in determining which industries will grow in
competitiveness, which decline. As a result,
public policies with domestic objectives exert
the most influence over trends in international
competitiveness. These are matters of indus-
trial policy. OTA uses this term in a neutral
sense to refer to the body of regulations, laws,
and other policy instruments that affect the ac-
tivities of industry and the resources, including
human capital, that the Nation’s economy de-
pends on. The United States has not in the past
had a self-conscious industrial policy, in part
because it had no need for one. The lesson of
the U.S. electronics industry, along with indus-
tries like steel and automobiles that OTA has
examined previously, is that future internation-
al competitiveness may well depend on a more
coherent and consistent approach by the Fed-
eral Government to matters of industrial policy,
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Principal Findings

U.S. Competitiveness in Electronics

1. Electronics remains a leader among Amer-
ican industries. High-technology firms—includ-
ing those making microelectronic devices like
integrated circuits and complex electronic sys-
tems such as computers—continue to be lead-
ing exporters, second to none in technology as
well as most measures of commercial success.
Although the Nation’s imports of semiconduc-
tor products exceeded its exports for the first
time in 1982 (by $160 million out of $3.8 billion
in imports) more than three-quarters of these
imports were shipments by American-owned
firms; computer exports ($9 billion in 1982) far
exceed imports.

This is not to say that there is little cause for
concern, or that the waves of publicity given
the progress made by Japan’s electronics man-
ufacturers over the past few years have in all
cases been overdramatized. If the U.S. elec-
tronics industry is still strong when compared
to other domestic industries, its margins with
respect to electronics industries in other na-
tions have shrunk, in some cases vanished.
Moreover, the Japanese electronics industry is
one of the most productive in that nation’s
economy; this high standing relative to other
domestic sectors is a major reason for the ex-
port strength of Japan’s electronics manufac-
turers. In almost all categories of electronics
products—office copiers and typewriters, mi-
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croelectronics, communications equipment
and consumer goods—the U.S.-Japan trade bal-
ance is strongly negative (see ch. 4).

2. Just as the competitive positions of a na-
tion’s industries will differ, with some rising
and others declining, so competitive positions
within an industry like electronics will vary.
Likewise, within one portion of the industry,
such as color television manufacturing, some
firms will at any given time be more competi-
tive than others.

Within the U.S. electronics industry, compet-
itiveness in consumer products has declined
precipitously since the 1960’s. The Nation now
imports many of its consumer electronic prod-
ucts, while more than 10 foreign-owned firms
assemble and market television sets within the
United States. In contrast, there are few signs
of slackening competitiveness in the manufac-
ture of computers, although the U.S. lead in

technology is certainly less than even half a
dozen years ago. American-owned firms mak-
ing and selling semiconductor devices have
faced increasingly intense competition from
Japanese manufacturers, again primarily over
the last half-dozen years; although they have
lost market share both at home and abroad in
some key products—e.g., computer memory
chips—their overall position remains strong.

3. It is not realistic to expect that American
semiconductor and computer firms will, in the
near future and in the absence of cataclysmic
changes in other parts of the world, return to
the preeminent positions they held at the begin-
ning of the 1970’s. Nor can the United States
expect to achieve the technological and com-
mercial leads of earlier years in other high-
technology industries. The capabilities of other
countries have improved; foreign electronics
industries have risen within their own econo-
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mies; international economic conditions have
changed.

4. The United States can continue to be
highly competitive in electronics and other
technologically driven industries, with U.S.
firms remaining leaders in innovation, in in-
ternational trade, and in sales and profits at
home and abroad. Not only is this possible, it
is necessary if the United States is to maintain
its standard of living, its military security, and
if the U.S. economy is to provide well-paying
and satisfying jobs for the Nation’s labor force.
Electronics is indispensable to a broad range
of manufacturing and service functions, from
computer-aided design of the structures of of-
fice buildings to the switching of the telephones
within those buildings,

5. Congress could take the initiative in devis-
ing programs that would actively support the
electronics industry, and others of comparable
importance. The first requisite is broad nation-
al agreement on the role of high-technology
sectors like electronics as a driving force for
future economic growth, a greater degree of
consensus on where the U.S. economy is now
heading and where it should head. The second
is better understanding of how particular
pieces of legislation affect the competitiveness
of American industry, which in turn requires
developing the capability of the Federal Gov-
ernment for analyzing the sources of compet-
itive strength.

The Role of Technology

1. One way to establish a competitive advan-
tage in an industry like electronics is through
superior technology. Better process technology
—e.g., automation—can help reduce costs. For
similar products, lower manufacturing costs
permit lower selling prices, hence a more com-
petitive product. Alternatively, higher profits
may be possible, which can help finance fur-
ther improvements. Production technologies
are particularly important in consumer elec-
tronics and semiconductors, less so for large
computers.

2. Superior product technologies may com-
mand premium prices in the marketplace, mak-
ing manufacturing costs less significant. Prod-
uct features—ranging from appearance to
guantifiable characteristics such as the per-
formance of a computer system in running
“benchmark” programs—can contribute to
competitive advantage; in high-technology
fields as in low, product differentiation and
astute marketing can be important.

Understanding customer wants and needs is
vital to designing successful products; inte-
grated circuits that are functionally similar,
perhaps even interchangeable, may be differen-
tiated through subtle variations in perform-
ance; advertising strategies can be built around
claims of high quality or rapid delivery; a broad
array of alternate source suppliers may re-
assure prospective purchasers. Manufacturers
of computers and peripherals devote con-
siderable effort to industrial design and human
factors engineering; ease of use is vital in sell-
ing computer systems to first-time customers,

Rapid technical change creates much more
scope for product technology as a competitive
weapon in microelectronics and computers
than in consumer electronics. For many years,
American semiconductor and computer man-
ufacturers prospered by offering products that
firms elsewhere in the world could not design
or build.

Industrial Policy

1. OTA takes industrial policy to be a neutral
term referring to the group of Federal policies
that affect competitiveness, productivity, and
economic efficiency—sometimes directly,
sometimes through influences on business de-
cisions or on individuals. Industries rise and
fall in international competition for many rea-
sons. Seldom can single causes be found—more
seldom yet simple, straightforward policy
remedies. Plainly, industrial policy offers no
quick fixes for the dilemmas of the U.S. con-
sumer electronics industry, nor any sure pre-
scriptions that can guarantee the future com-



8 International Conpetitiveness inEl ectronics

Photo credit: Mostek Corp.

Portion of a read-only integrated circuit memory

petitiveness of our microelectronics or comput-
er sectors. Just as plainly, competitiveness in
electronics—and in other U.S. high-technology
industries—will depend on factors including:

capable people, hence on Federal policies
dealing with education and training;
capital for new business startups and for
expansion, hence on macroeconomic and
tax policies;
open markets for American products,
hence on foreign economic policy; and
- the research base that supports domestic
firms, hence on Federal technology and
science policy.

The job of industrial policy is to evaluate, link,
and coordinate the many Federal efforts that
deal with such concerns.

2. While international competitiveness is
firmly rooted in the efforts of private com-
panies, public policies set many of the rules of

the game. In the United States and in other
parts of the world, business enterprises com-
pete in an environment shaped to considerable
extent by government industrial policies (in-
cluding elements of fiscal, monetary, tax, man-
power, trade, and regulatory policies).

Foreign governments are experimenting with
industrial policies intended to aid and support
their own electronics industries; virtually all
industrialized and industrializing nations sin-
gle out electronics for special treatment. Amer-
ican firms seeking to export or to manufacture
overseas must contend with economic and
social policies of host governments that are
more complex and sophisticated than in the
past. Rather than outright protectionism or
other forms of overt discrimination against for-
eign firms, host governments now adopt indi-
rect subsidies for their own industries—tax in-
centives, capital allocations, funding for com-
mercially oriented research and development
(R&D). At the same time, governments bargain
with foreign multinationals using carrots and
sticks such as investment incentives and per-
formance requirements while seeking to ac-
guire jobs and technology, or to improve their
balance of payments.

3. Although a well-designed and supportive
industrial policy is not, by itself, sufficient to
build competitiveness in a given sector of a na-
tion’s economy, government policies can, un-
der some circumstances, tip the balance. The
United States can expect no more than very
limited success in negotiations with other na-
tions aimed at minimizing the impacts of those
countries industrial policies.

For this and other reasons, a “business-as-
usual” approach is unlikely to prove sufficient
to the task of maintaining U.S. competitiveness
in electronics, Better prospects for strengthen-
ing the U.S. position would come with the
adoption of more effective industrial policies
of our own. The American electronics industry
faces only a few major problems, mostly in the
trade arena, that are directly susceptible to
Government remedy. On the other hand, Fed-
eral agencies could support the industry—
directly and indirectly-in many ways. Few of
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these would have much visibility. By the same
token, they would not necessarily cost much.
Consistent and careful attention to the many
smaller matters that affect competitiveness—
diffusion of technology within the United
States, tax treatment of equipment contribu-
tions to universities, the antitrust environment
for joint R&D, long-term basic research—are
the necessary ingredients in a more coherent
and productive industrial policy. A supercom-
puter project, to take a current example, may
be glamorous as well as desirable in itself, but
is no substitute.

4. The choice of policy tools, and the design
of individual measures, depend on overall ob-
jectives; an industrial policy is the sum of many
parts that can be put together in different ways,
Should Congress wish to pursue a more fo-
cused industrial policy for the United States,
it could choose from among five broad alter-
natives:

* A protective strategy aimed at preserving
the domestic market base for U.S. indus-
tries, along with preservation of existing
jobs and job opportunities.

® Protection and/or support for a limited
number of industries judged critical for the
U.S. economy or, more narrowly, for na-
tional security,

® Support for the technological base and in-
stitutional infrastructure that underly
American industries, with particular atten-
tion to structural adjustment (e.g., labor
force retraining and mobility).

® Promotion of the global competitiveness of
U.S. firms and industries by encouraging
exports and open competition in domestic
as well as international markets.

® Deferral where possible to the private sec-
tor when choices concerning industrial
development are to be made.

While these five approaches to industrial pol-
icy, discussed in chapter 12, are certainly not
mutually exclusive, they represent distinctly
different thrusts, implying different mixes of
policy instruments as well as different goals.

99-111 o0-83 - 2

What would be the implications of a decision
to pursue a more coherent industrial policy in
the United States? First and foremost, that to
automatically equate “industrial policy” with
a greater degree of Government involvement
in the economy is to view the matter from an
arbitrarily narrow perspective. Industrial
policy does not have to run counter to efforts
to “get Government off the backs of business. ”
Rather, it should be construed as an effort to
make the inevitable—indeed oftentimes desir-
able and necessary—Federal involvement a
more consistently productive one. It implies an
effort to develop, both politically and institu-
tionally, Government policies toward industry
that:

e explicitly consider impacts on com-
petitiveness and economic efficiency;

e seek to treat the problems and opportuni-
ties of particular industries in the context
of the economy as a whole, rather than in
isolation; and,

e do a better job of relating policy tools to
policy objectives. T

Policy Concerns in Electronics

Among the elements of industrial policy, the
following are vital for the continuing com-
petitiveness of the U.S. electronics industry.
They might have rather different places, and
be addressed in different ways, under each of
the alternatives listed above,

1. High-quality education and training (in-
cluding retraining) for engineers, technicians,
and other skilled workers,

More than anything else, the competitive po-
sition of the United States in high technology
has been built on the human resources avail-
able here. A renewed Federal commitment to
education and training seems called for (see
chs. 8 and 9). Engineering enrollments running
at record levels have swamped the resources
available in colleges and universities; even so,
the United States graduated but 63,000 engi-
neers in 1981 compared to 75,000 in Japan,
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U.S. electronics firms have faced serious
problems in finding adequate numbers of en-
gineers, as well as technicians and service per-
sonnel with needed skills and aptitudes. Inade-
guate resources in U.S. engineering schools are
harming the quality of education as well as con-
straining the numbers of new graduates. Train-
ing and retraining for technicians and parapro-
fessionals varies widely in quality and appro-
priateness to emerging needs. Many people in
the United States emerge from high school
quite unprepared to work in technology-based
industries.

Despite fluctuations in supply and demand
over the years, engineers in principle comprise
one of the most employable occupational
groups in the labor force; it is hard to imagine
an “oversupply” of engineers or of people with
good technical training of any of a wide vari-
ety of types in an economy like that of the
United States, provided that people are will-
ing and able to shift jobs according to demand
within the economy and organizations are will-
ing to help them do so.

2. A strong technological base—stemming
from basic research and applied R&D with
long-term objectives, including the diffusion of
results, in fields such as solid-state electronics,
optical devices, communications technologies,
computer-aided design of circuits and systems,
and computer software.

The Federal Government could not only con-
tinue to fund basic research, it could establish
new mechanisms for diffusing the results of
R&D to the private sector, experiment with the
support of commercially oriented (rather than
military) research, and strengthen tax incen-
tives and other encouragements for successful
innovators.

3. Economic adjustment policies that smooth
flows of capital and labor within the economy,
aiding growing firms in their efforts to com-
pete while providing well-paying jobs for the
domestic labor force.

Structural change is a fact of life in American
industries, driven by the currents of an increas-
ingly open international economy (see chs. 4
and 5), as well as by technological change (ch.

3). Corporations, cities and regions, and peo-
ple must adjust to changes, many of which are
outside their control. Federal attention to max-
imizing the positive effective of change—e.g.,
stimulating growth industries—while amelio-
rating the negative impacts, could be one of the
central elements in a more coherent industrial
policy for the United States. Policy initiatives
aimed at personnel mobility—whether geo-
graphic, inter-industry, or within organiza-
tions—are one example.

4. Adequate supplies of investment capital
for new startups as well as rapidly expanding
established firms.

As discussed in chapter 7, venture capital
markets in the United States function well,
although cyclic downturns are likely to recur
and risk capital is often hard to find at early
stages of technology development.

Rapidly growing companies, particularly in
the semiconductor industry, do face severe
financial pressures. These stem from increas-
ing capital intensity, due both to higher R&D
expenses and to production equipment that has
gone up in cost by an order of magnitude over
the past decade, coupled with the preference
of American managers to finance expansion
from internally generated funds. Tax policies
have a major influence over sources of financ-
ing and risk absorption.

While the advantages are not as great as
sometimes implied, large diversified electron-
ics companies in Japan, and perhaps in some
Western European countries, do benefit from
real (i.e., inflation-adjusted) costs of capital that
are somewhat lower than for merchant semi-
conductor firms in the United States. By them-
selves, these differences—matters of a few per-
centage points—are not enough to weigh heavi-
ly in the competitive balance. Constraints on
rates of capital spending—due in part to the
preference of American firms for internal fi-
nancing—are more likely to be a drag on the
competitive abilities of U.S. manufacturers.
These and other factors, primarily expectations
concerning inflation, tilt the investment deci-
sions of American managers toward the short-
er term.
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Increase in Capital Costs for High-Volume Integrated
Circuit Production Line
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5. An international trading environment that
places U.S. firms on a more-or-less equal
footing with their competitors in other coun-
tries, including those that have well-developed
industrial policies intended to protect or pro-
mote domestic manufacturers.

As discussed in chapter 11, the framework
for international trade that emerged in the
postwar era is being overrun by events. The
thrust of industrial policies in many nations is
toward indirect supports with effects on prices
and on competitiveness that cannot be quan-
titatively assessed (see ch. 10). Japanese in-
dustrial policy, for instance, works in part by
breaking bottlenecks; the VLSI project of the
1970's helped train Japanese engineers, trans-

ferred design and processing know-how to in-
dustry, rallied public support behind the struc-
tural shifts that were leading Japan toward an
“information economy” (or at least helped dif-
fuse counterpressures by those disadvantaged
by such shifts). The goals of the heavily publi-
cized fifth-generation computer project are
similar, When many of the impacts of indus-
trial policies are intangible, how do we coun-
tervail them? Over at least the rest of the dec-
ade, U.S. trade negotiators can expect to grap-
ple with such issues, The prerequisite is an ana-
lytical capability by the Federal Government
adequate for understanding the ways in which
public policies—here and elsewhere—affect in-
ternational competitiveness.

American electronics firms, particularly
manufacturers of semiconductors and com-
puters, may also need the continuing support
of the U.S. Government, via both bilateral and
multilateral negotiations, in securing access on
reasonable terms to foreign markets—for ex-
ports and for direct investment—if they are to
maintain their competitive position. Only by
competing aggressively all over the world, tak-
ing advantage of scale economies and new
opportunities, can American firms expect to
share fully in the growth and expansion that
will characterize this industry into the next
century. As an example, semiconductor sales
in Japan already exceed those in all of Western
Europe by more than half; U.S. firms need ac-
cess to Japan market comparable to that en-
joyed by Japanese suppliers here.

Regardless of the overall approach and direc-
tion of U.S. industrial policy, Congress could
act in support of objectives such as those out-
lined above.

The Competitive Position of the U.S. Electronics Industry

Consumer Electronics

1. American firms making radios, TVs, and
audio products such as stereo receivers and
tape recorders have been under severe compet-
itive pressures for years; many have failed or

left the market. Few radios or black-and-white
TVs are made in the United States. No video
cassette recorders are manufactured here. Col-
or television production has become largely an
assembly operation, heavily dependent on im-
ported components—whether the parent firm
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U.S. Sales and Imports of Selected Consumer Electronic Products, 1982

U.S. sales Imports Import penetration
(millions of dollars) (millions of dollars) (percent)®
Color television . . . ........ $4,253 $546 12.8%
Black-and-white TV . . ... ... 507 344 67.9
Video cassette recorders. . . 1,303 1,032 100.0°
Home and auto radios’. . .. 1,579 1,207 76.4
Stereo systems’.......... 1.754 1,342 76.5
$9,396 $4,471 47.60/0

8Because Man

yitems imported in a given year are notsoid until the following Y€ear, dividingimports during a given calendar

year by sales In that same year may give only a rough indication of import penetration; for instance, &/l video cassette recorders
sold in the United States are Imported even though 1962 sales figures exceed 1962 import figures.

Including auto tape players,

! ) yers,
Concluding audio tape units and other component equipment.

SOURCE Electronic Market Data Book 7983 (Washington, D.C

is American-owned (RCA, Zenith, GE) or for-
eign-owned (Sony, Quasar, Magnavox). In tele-
vision manufacture especially, the policies of
the Federal Government have contributed to
the plight of the industry. Dumping complaints
against importers going back to 1968 have
never been fully resolved. An industry legally
entitled to trade protection has not received it,

2. Nonetheless, trade practices illegal under
U.S. law have been only one factor in the de-
clining competitiveness of the American con-
sumer electronics industry. More fundamen-
tally, competitive advantages have shifted to
other parts of the world—first Japan, now new-
ly industrializing countries like Taiwan and
South Korea. These countries have mastered
the technological requirements for mass-pro-
ducing consumer products such as TV sets,
They have lower labor costs than the United
States, an adequate corps of skilled workers
and engineers, supportive government indus-
trial policies, and astute corporate manage-
ments.

American firms have been reduced to a reac-
tive posture; they have lost the lead in product
design and development while moving manu-
facturing operations to foreign countries in
order to keep their costs competitive, American
products in consumer electronics—e.g., color
television receivers—continue to be competi-
tive in performance, quality, and reliability, but
they are no better than imports. The consumer
electronics market is highly price-competitive;
without advantages in technology or product
features, American manufacturers will be hard-

: Electronic Industries Association, 1963), pp. 6, 19, 31,

Price Index for Televisions Compared
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pressed to keep up with their foreign-based
competitors. While U.S. firms may continue to
innovate and to be leaders in consumer prod-
ucts aimed at specialized market niches—com-
puter games have been a recent example—
broadly speaking, product leadership has been
lost, At least in the short term, prospects for
taking the lead in new generations of high val-
ued-added mass market products seem slim.

3. The rise of foreign firms together with pro-
tracted trade disputes have contributed to a ma-
jor shift in the structure of the U.S. consumer
electronics industry. The number of firms has
not changed greatly since the 1960’s; but while
once there were 16 or 17 American-owned



manufacturers of TVs, today only 4 of 15 with
plants in the United States have headquarters
here. Still, the market shares of the traditional
U.S. leaders—zenith and RCA—have not
changed much; together these two companies
continue to hold about 40 percent of the U.S.
color TV market. It is the weaker American
manufacturers that have succumbed.

4. At the same time foreign enterprises were
investing in assembly plants in the United
States, American-owned firms were transfer-
ring labor-intensive manufacturing operations
to low-wage offshore locations. In general, final
assembly for the U.S. market remains here,
with subassembly} in Mexico and the Far East.
These moves were driven by foreign competi-
tion. U.S. color TV manufacturers felt they had
little option but to move production abroad if
they were to cut costs and meet their competi-
tor’s prices.

Offshore production substitutes quite directly
for jobs in the United States. Nonetheless, if
American firms had not moved offshore, it is
quite possible that they would have lost even
more ground to foreign-based competition,
with yet more jobs lost over the longer term.
In most cases, transfers of production overseas
have net impacts on U.S. employment and on
the U.S. economy that appear relatively small;
improvements in labor productivity, for ex-
ample-also driven by foreign competition—
have been at least as important as a cause of
employment declines in television manufactur-
ing. Needless to say, the impacts on individuals
and communities where job losses concentrate
are often severe and long-lasting; in 10 years
the production work force in consumer elec-
tronics has been cut by more than 40 percent,
from 85,000 to 50,000.

5. Beginning near the end of the 1970's, Or-
derly Marketing Agreements (OMAS) limited
imports of color TVs while encouraging for-
eign firms to produce here, The result was to
equalize the terms of competition and to mod-
erate employment declines in the United
States. Otherwise, the OMAs did little to help
the U.S. industry rebuild its competitive
strength.

Ch. 1—Part A: Summary .13

In this regard, U.S. experience with OMAs
restricting color TV imports has paralleled
other cases of import quotas, for instance in
the steel industry. Although the ostensible pur-
pose may be to give domestic firms time to re-
structure and adjust to changing competitive
circumstances, in most cases protected indus-
tries continue to react to pressures from abroad
rather than taking strong positive steps of their
own; the notion that a respite from import com-
petition will, by itself, help corporations restore
their competitiveness gets little support from
events in color television.

Semiconductors

1, U.S. manufacturers of semiconductor
products such as integrated circuits remain
highly competitive in markets all over the
world. American-owned merchant firms--
those that produce for the open market-are
leaders in circuit design and process technol-
ogy. While their share of world sales has
changed little over the past few years, with U.S.
firms and their subsidiaries still accounting for
about 70 percent of worldwide output of inte-
grated circuits, Japanese manufacturers have
been catching up in technology, Nonetheless,
U.S. companies have the capability to maintain
their competitiveness in most world markets.
The inroads made by Japanese suppliers of
commodity-like chips, notably random access
memories (RAMSs), portend stronger competi-
tion in other types of microelectronic devices
but do not translate automatically into advan-
tages for products such as logic chips or mi-
croprocessor families. There is no reason to ex-
pect a loss of competitiveness in advanced mi-
croelectronic products paralleling that in con-
sumer electronics.

Although foreign manufacturers may some-
times have advantages—e.g., supportive gov-
ernment industrial policies, as in Japan or
Western Europe—the U.S. merchant firms
have their own strengths, Among these are the
ability to rapidly develop and commercialize
new technologies, to anticipate and design for
shifting customer needs, and to adapt to chang-
ing realities of international competition by
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entering into joint venture and technology
transfer agreements with both domestic and
foreign firms when this is advantageous.

2. The structure of the merchant portion of
the U.S. semiconductor industry is changing.
A number of well-established semiconductor
firms founded during the 1960’s or early 1970’s
have been acquired by larger, diversified enter-
prises, either American- or foreign-owned. In
part, these structural shifts are associated with
a trend toward captive production by end-prod-
uct manufacturers.

Companies that design and build systems
ranging from computers and communications
networks to automobiles increasingly see needs
for internal capability in the design, develop-
ment, and manufacture of state-of-the-art mi-
croelectronic devices. The acquisition of mer-
chant semiconductor firms by larger corpora-

Photo credit. General Motors

Microcomputer for controlling an automobile engine

tions is a predictable trend in the evolution of
the industry.

3. At the same time that relatively mature
companies like Intersil—purchased during
1981 by General Electric—are being acquired,
new entrants continue to repopulate the mer-
chant semiconductor industry. While the
downturn in venture capital markets during the
middle and late 1970’s virtually halted start-
ups, new firms are again being established.
Since 1980, several dozen small firms produc-
ing custom integrated circuits, gate arrays,
specialized memory chips, and other niche
products have entered the industry. Aiming at
portions of the market where the knowledge
and expertise of their founders can be brought
to bear, some of these start-ups will be suc-
cessful and expand, some will remain small,
others will be acquired by larger enterprises.

4. Captive manufacturers of semiconductor
devices make vital contributions to U.S. com-
petitiveness. Such companies include IBM, the
largest producer of semiconductors in the
world, and Western Electric, which moved into
the merchant market in 1983—an action made
possible by the settlement of the Government’s
antitrust suit against AT&T—as well as a num-
ber of aerospace and defense contractors. Com-
panies that produce for internal use not only
provide a major part of the technological foun-
dations for microelectronics, they spawn start-
ups and give training and experience to peo-
ple who later move to other companies.

5. Just as important for continuing interna-
tional competitiveness are firms that design,
develop, and build production equipment for
applications ranging from annealing silicon
wafers to automated testing and assembly.

While the United States maintains the lead
among open-market suppliers of many types
of processing equipment, notably in lithog-
raphy, other countries are catching up. Gov-
ernment-sponsored R&D in Japan has focused
on production equipment.

6. R&D—particularly that with relatively
long-term payoffs—will remain a critical force
in support of U.S. semiconductor firms. In the



past, much of the technology base has come
from larger firms such as IBM and AT&T. Gov-
ernment support for research has not been sig-
nificant in recent years, although the Very
High-Speed Integrated Circuit program of the
Defense Department will have commercial
spinoffs.

The U.S. semiconductor industry can no
longer rely on past approaches to R&D and
technology development. The industry recog-
nizes the changing situation, and is develop-
ing new mechanisms for strengthening its
technical foundations; these include closer in-
teractions with universities, along with joint
ventures and cooperative research efforts. Con-
gress and the Federal Government could ac-
tively support and encourage both basic and
applied research with longer run payoffs. This
is one of the surest ways of supporting contin-
ued U.S. competitiveness in microelectronics.

Computers

1. American manufacturers of digital com-
puters have dominated world markets for
many years. Much as U.S. semiconductor firms
have demonstrated the ability to rapidly capi-
talize on new technological and market oppor-
tunities, so have American computer firms
pioneered most of the design concepts that
have driven information processing: network-
ing and distributed computing, small business
machines and minicomputers, time-sharing
among multiple work stations, cheap mass
storage, desktop microcomputers.

There are few concrete signs that this
dominance by U.S.-based firms is threatened.
Nevertheless, relative positions within the
world computer industry will continue to shift,
stimulated in many cases by new applications
of computing power, As the industry continues
to evolve, the technological leads of American
firms are likely to shrink, and competitive posi-
tions may become more difficult to maintain.
Nevertheless, the U.S. lead in worldwide mar-
keting of data processing systems is so large
that prospective challengers such as Japan can-
not hope for more than modest success over
the rest of the century.
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2. American firms have done a much better
job than their foreign competitors of balanc-
ing what the available technology can do
against what customers for data processing sys-
tems have wanted to accomplish. This has been
an important element in patterns of competi-
tive success, which have depended as heavily
on software that could be easily used by neo-
phyte purchasers and was reliable—i.e., free of
“bugs” -as on raw hardware performance.

In fact, foreign computer firms have some-
times been able to match the United States in
terms of hardware; by and large, Japan’s com-
puter manufacturers can at present. But their
systems are still behind, mostly because the
software—at all levels—is not as good, More-
over, foreign firms—whether European or Jap-
anese—have not been as adept as Americans
at finding new ways to apply their hardware.
For example, U.S. firms remain well ahead in
office automation, point-of-sale terminals for
retail merchandisers, and many other applica-
tions of distributed intelligence.

3. The ongoing structural alterations in the
data processing industry will be deeper and
farther-reaching than those in microelectronics
or consumer electronics.

Most of the recent technological innovations
in consumer electronics have come from large,
well-established firms; new products from
small companies have seldom reached mass
markets. In microelectronics, while start-ups
have resumed in the United States—many striv-
ing to establish themselves with the aid of in-
novative products—the path of technological
evolution seems, for the moment, well charted;
there are few signs of sudden change that
would seriously unsettle the industry. Com-
puter technology—which depends on micro-
electronics, but also on other feeders, primarily
software—is potentially more volatile. As new
applications of computing power open win-
dows of opportunity for firms in many parts
of the world, American manufacturers will
face more intense competitive pressures. Dis-
tributed intelligence will transform a broad
range of other industries as well.
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While the era of the mainframe computer is ness systems, personal computers, and “smart”
hardly over, the increasing importance of devices that do not even look like computers—
smaller machines—minicomputers, small busi- ~ Will continue to provide the greatest oppor-
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tunities for growth and expansion. The multi-
tude of prospective applications of computing
power will offer new openings for overseas
firms as well as American companies. In some
portions of the data processing equipment
industry—especially those still in relative in-
fancy, such as desktop machines and standard-
ized office automation products—foreign firms
may eventually achieve a greater presence than
they have managed in mainframe systems or
general-purpose minicomputers. To the extent
that computers become mass-market products,
manufacturers in other parts of the world are
likely to emerge as more formidable competi-
tors.

4. In the computer industry, as in microelec-
tronics, U.S. employment is rising much less
rapidly than output. Although new jobs are be-
ing created making, operating, and maintain-
ing “smart machines, ” other jobs are being
destroyed; the net effects on U.S. employment
might be positive or might be negative, While
there is little meaningful evidence on either
side of the job creation/job destruction ques-
tion, there is no question that skill requirements
are changing rapidly. In some cases, automa-
tion—aided by electronics—lowers the skill re-
quirements associated with the remaining jobs;
in other cases, “upskilling” rather than “de-
skilling ” results. A readily predictable conse-

Photo credit Unimation

Industrial robot at work
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guence has been serious labor market disloca-
tions; these seem bound to intensify. Even if
labor market shifts cannot be predicted very
well, the need for adjustment is clear. To the
extent that labor market shifts—geographical,
in terms of skKills, in terms of wage levels—are
unexpected (and some will always be), the im-
pacts will be more severe. An obvious implica-
tion is that policy responses must emphasize
flexibility.

5. Japan’s computer manufacturers will not
be content with narrow or specialized markets.
Following strategies similar to those that have
succeeded in consumer electronics and semi-
conductors, Japanese computer firms will at-
tempt to establish themselves in selected data
processing markets and expand from there.
Backed by government efforts such as the fifth-

generation computer project, Japan’s industry
is bent on achieving technological and com-
mercial parity (or superiority) in machines
ranging from desktop processors to supercom-
puters. Still, Japan’s rising export strength in
computers differs in a major way from the pat-
terns visible in consumer electronics or semi-
conductors: the leading Japanese exporter of
computers, by a large margin, is IBM-Japan—
despite the fact that it has been barred from
many of the government programs that have
aided other computer manufacturers.

While IBM has abundant resources and tech-
nology to compete effectively against Japanese
computer firms, other American manufactur-
ers may face increasing difficulty in the future.
Although the U.S. industry is not immediate-
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ly imperiled, the Federal Government could
help ensure future competitiveness through a
better developed, more consistent industrial
policy, particularly one supporting technology
development and technical education,

6. As computers and their applications con-
tinue to spread through the U.S. economy, the
Federal Government might act to strengthen
the competitiveness of the industry both direct-
ly and indirectly:

e “Computer literacy"—the ability to effec-
tively utilize smart machines and sys-
tems—will be a critical skill for the labor
force. Education and training in fields
ranging from traditional modes of quanti-
tative thinking (arithmetic, algebra) to soft-
ware engineering deserve renewed sup-
port. Congress could provide leadership as
well as direct and tangible aid.

e Federal support aimed at critical bottle-
necks in data processing, mostly in soft-
ware, could be a vital long-term stimulus
for the American industry. Productivity in

software development has gone up only
slowly over the years. Financing for educa-
tion and training in software engineering,
as well as R&D directed at computer archi-
tectures, new programing languages, and
artificial intelligence appears appropriate.

< Smaller firms striving to establish them-
selves in the data processing equipment in-
dustry—particularly those developing soft-
ware, peripherals, and innovative applica-
tions of computing power—have the same
needs as do U.S. microelectronics firms:
not only people with highly developed
technical skills, but adequate supplies of
capital for investment in R&D and produc-
tion capacity and access to foreign mar-
kets.

If effectively implemented, industrial policies
in support of such needs could pay vast divi-
dends throughout the U.S. economy because
of the multitude of ways in which applications
of computing power can enhance the compet-
itiveness of firms in industries of all types,

Conclusion

A nation can never be competit ive in all in-
dustries at once. Not only will some rank
higher than others, but places will change over
time. Economies need to adjust; adjustment
brings pain and distress to firms that encounter
trouble, people who lose their jobs, the commu-
nities affected. Even within an industry like
electronics—in the United States, highly com-
petitive as a whole—some parts, such as con-
sumer electronics, face a far more problematic
future than others. That such events are inevi-
table does not mean that at least some of the
problems cannot be anticipated, and some of
the distress ameliorated by Government action,
Moreover, the Federal Government can take
positive actions to support the development
and diffusion of technology, human resources,
the infrastructure that companies depend on
when pursuing their individual competitive
strategies. Government policies can aid grow-
ing sectors, help people and institutions adapt

to change. The dynamic of international com-
petitiveness is continuous, and calls for a con-
tinuing series of policy responses.

People can and will argue endlessly about the
successes and failures of industrial policies in
other countries, but the primary lesson to be
drawn from foreign experience is simply this:
industrial policymaking is a continuing activity
of governments everywhere. In the United
States, industrial policy has been left mostly
to the random play of events. Improvement is
clearly possible; policymaking can be a pur-
poseful activity characterized by learning from
past experience within a framework of empir-
ically based analysis. Developing a more effec-
tive industrial policy for the United States must
begin in this spirit, while recognizing that the
process is inherently political. There is no one
thing that the Federal Government can do that
will make a big difference for the future com-
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petitiveness of the U.S. electronics industry,
but there are many specific policy concerns
that deserve attention. Only by linking and
coordinating these more effectively can the
United States expect to develop a coherent and
forward-looking approach to industrial policy.

Until the Nation begins this task, American
firms will continue to find themselves at a dis-
advantage when facing rivals based in coun-
tries that have turned to industrial policies as
a means of enhancing their own competitive-
ness.



