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U.S. TRADE IN ADVANCED TECHNOLOGY PRODUCTS

l Trade in several technologies, including aero-
space, computer-integrated manufacturing, life
science, and computer software, produced size-
able trade surpluses for the United States in the
1990s. Yet, the surplus generated by trade in
advanced technology products has declined every
year since 1991. Manufactured products that incorpo-
rate advanced technologies accounted for 17 to 19
percent of all U.S. trade (exports plus imports) in
goods and services in the 1990s.

l U.S. technology trade is highly concentrated.
In 1994, 3 of the 10 technology categories accounted
for 85 percent of total U.S. technology product
exports:  information technologies (35 percent of
technology exports in 1994), aerospace (29 percent),
and electronics (21 percent).

l Japan and Canada are U.S. industries’ largest
national customers for U.S. advanced technol-
ogy products. European and other OECD countries
are also important customers, although several newly
industrialized Asian countries purchase surprising
amounts of U.S. advanced technology products at lev-
els that rival the amounts sold to many of the more
advanced European countries.

l The United States is also a net exporter of tech-
nological know-how sold as intellectual property.
While the surplus generated by U.S. international
transactions involving technological know-how is far
smaller than the surplus generated by advanced
technology product trade ($1.7 billion vs. $27 billion
in 1993), the gap between exports and imports is
much wider. The ratio of exports to imports in U.S.
trade involving technological know-how transactions
is 3-to-1 on trade of $3.8 billion; this compares with a
ratio of 1.3-to-1 for trade in advanced technology
products valued at $190 billion. Japan is the largest
consumer of U.S. technology sold in both forms. In
1993, South Korea rose to become the second
largest consumer of U.S. technology sold as intellec-
tual property.

INTERNATIONAL TRENDS IN INDUSTRIAL R&D

l Despite a 2-decade decline in its international
share of all industrial R&D, the United States
remains the leading performer of industrial
R&D by a wide margin. In 1990, U.S. industrial
R&D surpassed the combined R&D performed in the
industrial sector of the 12-nation European Union
and was twice that performed in Japan. Data for 1992
show the United States retaining its lead position.

l While R&D performance by U.S. manufacturers
has not kept pace with inflation since the mid-
1980s, R&D performance by U.S. nonmanufac-
turing industries grew rapidly. The latest
internationally comparable data on overall U.S. indus-
trial R&D performance show the nonmanufacturing
sector’s share rising from 4 percent in 1982 to 25
percent by 1992. U.S. service industries, like those
developing computer software and providing commu-
nication services, have led the increase in R&D per-
formance within the nonmanufacturing sector.

l Since 1973, R&D performance in Japanese
manufacturing industries grew at a higher
annual rate than in the United States, and since
1980, faster than all other industrialized coun-
tries. Unlike the declining trend observed for manu-
facturing industries in the United States, Japanese
manufacturing industries consistently accounted for
95 percent of all R&D performed by Japanese indus-
try. R&D performance in Japan’s nonmanufacturing
sector did appear to accelerate during 1990–92, but
Japan’s industrial R&D continues to be lead by the
manufacturing sector.

l Industrial R&D in Germany appears to be some-
what less concentrated than in the United
States, but more so than in Japan. The industries
included in the top five R&D performers in Germany
mirror German commercial prominence as a supplier
of world-class machinery and motor vehicles. Like
Japan, manufacturing industries continue to perform
over 95 percent of all industrial R&D in Germany.
The share of total industrial R&D performed by
Germany’s service-sector industries has actually de-
clined since 1984.

PATENTED INVENTIONS

l In 1993, the total number of patents granted in
the United States rose by less than 1 percent,
which followed a similar increase in 1992. U.S.
inventors received 54 percent of the U.S. patents
granted in 1993, which continues a general upward
trend for U.S. inventors that began in the late 1980s.

l Foreign patenting in the United States is highly
concentrated by country of origin. Inventors from
the European Union and Japan account for 80 per-
cent of all foreign-origin U.S. patents. Newly industri-
alized economies, notably Taiwan and South Korea,
dramatically increased their patent activity in the
United States during the last half of the 1980s. The
latest data, from 1993, show this trend continuing.
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l Recent patent emphases by foreign inventors in
the United States show widespread internation-
al focus on several commercially important
technologies. Japanese and German inventors are
earning patents in information technology. Inventors
from Taiwan and South Korea are earning an increas-
ing number of U.S. patents in technology fields relat-
ed to communications and electronic componentry.

INDUSTRY’S USE OF NEW TECHNOLOGY

l Two surveys of U.S. manufacturers, the first
conducted in 1983 and the second in 1993,
show increased use of advanced technologies in
manufacturing operations. The 1993 survey found
that 75 percent of the establishments used at least
one advanced technology and 19 percent reported
use of at least five technologies. Larger plants and
those producing higher-priced products were more
likely to use advanced technologies.

l Results from the 1993 survey also linked an
establishment’s ability to compete in foreign
markets with the use of advanced technology in
its production operations. In establishments
where exports represented 20 to 49 percent of total
shipments, 94 percent used at least one advanced
technology, compared with 72 percent of those estab-
lishments that did not export. The positive associa-
tion between technology use and establishments that
sell abroad was even stronger when widespread use
of advanced technologies (five or more advanced
technologies) among surveyed establishments is
compared.

l A question added to the 1993 survey allows for
the comparison of technology use among U.S.
establishments with and without foreign own-
ers. Use of advanced technologies was 10 to 22 per-
cent higher among those establishments with foreign
ownership (10 percent of voting stock or other equity
rights). As the number of advanced technologies
increased, so did the incidence of establishments
having foreign ownership.

l In both surveys, the same two technologies
topped the list of most commonly used tech-
nologies by U.S. manufacturers, although their
positions switched in the intervening years. In
the 1993 survey, computer-aided design and/or com-
puter-aided engineering technology was the most
commonly used technology, used by 59 percent of
the surveyed establishments. The next most com-
monly used technology was the numerically con-
trolled machine, used by 47 percent of surveyed
establishments. In 1988, this ranking was reversed.

CHARACTERISTICS OF INNOVATIVE U.S. FIRMS

l In a survey examining innovative activities
undertaken by firms, one-third of respondents
answered positively to either introducing a new
technologically changed product or process or
planning to introduce a new product. U.S. com-
panies producing computer-related products led all
other industries.

l Process innovation appears as prevalent as
product innovation. Nearly equal numbers of com-
panies introduced new innovative processes and new
innovative products during the target period.

l Firms that introduced new innovations were
more likely to export than were those that did
not. Half of innovators reported export sales in 1992
compared with just over one-third of noninnovators.

l R&D continues to be an important part of the
innovation process. According to the survey, 84
percent of all innovators performed R&D in 1992 and
91 percent of innovators planned to undertake R&D
during 1993–95.
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Introduction

Chapter Background
Throughout history, the development and use of tech-

nological innovations have marked important new eras
in time and human evolution. Man’s first use of tools
marked the evolution of the human species to what is
often referred to as Modern Man. Technological innova-
tion associated with the industrial revolution marks the
movement of modern civilization’s economic center from
the farm to the city. Now, technological innovations
appear ready to beckon a new age, one that already
shows signs of revolutionizing the way society works,
educates, and recreates.

This chapter focuses on industry-sector activities asso-
ciated with the technologies that are bringing about this
new age. The chapter serves to highlight the unique role
played by U.S. industry within the Nation’s science and
technology (S&T) enterprise as it develops, uses, and
commercializes investments in S&T made by industry,
universities, and government. Within the chapter, indica-
tors, or proxies, identify trends that provide measure-
ments of industry’s part in the S&T enterprise.

Chapter Organization
The chapter begins with a presentation on trade in

advanced technology products. These technology prod-
ucts represent economic outputs of national R&D, pro-
duced mostly by what are often referred to as
high-technology industries.1 High-tech industries are
important because they have high R&D spending and per-
formance that produce innovations that “spill over” into
other economic sectors and they help to train new scien-
tists, engineers, and other technical personnel (Tyson,
1992). In this chapter, the market competitiveness of
nations’ technological advances, as embodied in new
products and processes associated with their high-tech
industries, serves as an indicator of the effectiveness of
the S&T enterprise. In this sense, the marketplace pro-
vides a commercial-based evaluation of countries’ use of
science and technology. While the products included in
this classification system come from many of the manufac-
turing industries normally considered high-tech (includ-
ing aerospace, electronics, and pharmaceuticals), they
also include computer software and certain telecommuni-
cation and biotechnology products traded by firms that
would be classified in the service and agricultural sectors.

The chapter also examines data on royalties, fees, and
technology agreements to gauge the open-market value
of U.S. firms’ intangible (intellectual) property and tech-

nological know-how. These data also provide insight
about the technological capabilities of newly industrial-
ized and developing countries. 

The chapter then explores several leading indicators of
technology development through (1) an examination of
changing emphases in industrial R&D among the major
industrialized countries and (2) an extensive analysis of
patenting trends. The chapter introduces indicators that
dissect patent records to produce new measures of a
patent’s technological importance, impact, and ties to sci-
ence. The chapter also uses a follow-up survey by the U.S.
Census Bureau to update information gained from a 1988
survey on industry’s use of advanced technologies in
manufacturing operations. These two surveys provide
information on changes in industry’s use and planned use
of 17 technologies over a 5-year period. Next, the chapter
provides a perspective on small business, with a discus-
sion of new information on the technology areas that sup-
port new business formations and attract foreign capital.

The chapter concludes with a presentation of results
from a pilot study of innovation activities in U.S. industry.
These data are limited in their scope and depth; never-
theless, they provide interesting insights into the pro-
cess and characteristics of industrial innovation.

The Market for Technology Products
Across the globe, new technology products have

reshaped and revolutionized the workplace and have
reshuffled the world economies into two groups: nations
that use and produce advanced technologies and those
that aspire to do the same. 

In the United States, the development and use of
important technologies has been the subject of reports
from a number of perspectives (Mogee, 1991). The latest
of three such reports commissioned by the President’s
Office of Science and Technology Policy lists 27 tech-
nologies in seven major areas identified as critical to
“develop and further long-term national security or eco-
nomic prosperity in the United States” (National Critical
Technologies Review Group, 1995).2 This report also
assesses national leadership in the development of each
technology. (The specific technologies that made this
list and the U.S. position relative to Japan and Europe are
presented in text table 6-1.) The report lists the United
States as the leader or co-leader with Japan or Europe in
all 27 technology areas. The report does not assess how
well the United States converts its technological know-
how into new products and services that find demand in
a competitive, global marketplace. That evaluation is
made next through an examination of U.S. trade in
advanced technology products. 
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1There is no single preferred methodology for defining high-technol-
ogy industries. The identification of those industries considered to be
high-tech has generally relied on some calculation comparing R&D
intensity. R&D intensity, in turn, typically has been determined by com-
paring industry R&D expenditures and/or numbers of technical people
employed (i.e., scientists, engineers, and technicians) with industry
value added or the total value of the industry’s shipments.

2The agricultural sector accounted for 12 percent of U.S. exports in
1994 and is an important performer of R&D and developer of new tech-
nologies in the United States. Agriculture and food technologies is one
of the national critical technology areas identified by the National
Critical Technologies Review Group.



U.S. Trade in 
Advanced Technology Products

In order to track and understand trade in new technol-
ogy products better, the U.S. Bureau of Census has
developed a classification system for exports and
imports of products that embody new or leading-edge
technologies. This classification system allows trade in
high-tech products to be examined in 10 major technolo-
gy areas that have led to many leading-edge products.
These 10 advanced technology areas encompass many

of the “critical” technologies discussed in the previous
section.3 The 10 advanced technology product areas are:

l Biotechnology—the medical and industrial application
of advanced genetic research to the creation of new
drugs, hormones, and other therapeutic items for
both agricultural and human uses;
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Text table 6-1.
National critical technologies: technology position and 1990–1994 trend

US Technology Position Relative to:
Japan ©   ß   v

Europe ©  § v

1990–94 Trend
Improved ©

Declined ß

Maintained v

Substantial Slight Slight Substantial

Energy
Energy efficiency © v

Storage, conditioning, distribution, and transmission v v

Improved generation v v

Environmental quality
Monitoring and assessment ß  §

Pollution control v  v

Remediation and restoration § ß

Information and communication
Components © v

Communications v ß

Computing systems v ß

Information management ©

Intelligent complex adaptive systems* v §

Sensors ©  ©

Software and toolkits v ©

Living systems
Biotechnology v  ©

Medical technologies ©  v

Agriculture and food technologies ß  ©

Human systems © ©

Manufacturing
Discrete product manufacturing v  v

Continuous materials processing* v  v

Micro/nanofabrication and machining © v

Materials
Materials ß  v

Structures v ß

Transportation
Aerodynamics v ß

Avionics & controls § ß

Propulsion & power ß  v

Systems integration v v

Human interface ©  ©

*Based on limited information

SOURCE: National Critical Technologies Review Group, National Critical Technologies Report (Washington, DC: March 1995), figure S.1, p.vii.
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3For an explanation of the methodologies used to identify the prod-
ucts included in this definition, see Wilson (1994), Abbott (1991), and
Abbott, McGuckin, Herrick, and Norfolk (1989).
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l Life science technologies—application of scientific
advances (other than biological) to medical science. For
example, medical technology advances such as nuclear
resonance imaging, echocardiography, and novel
chemistry, coupled with new production techniques for
the manufacture of drugs, have led to new products that
allow for control or eradication of disease;

l Opto-electronics—development of electronic products and
components that involve emission or detection of light,
including optical scanners, optical disc players, solar
cells, photosensitive semiconductors, and laser printers;

l Computers and telecommunications—development of
products that process increasing volumes of informa-
tion in shorter periods of time, including facsimile
machines, telephonic switching apparatus, radar appa-
ratus, communications satellites, central processing
units, computers, and peripheral units such as disk
drives, control units, modems, and computer software;

l Electronics—development of electronic components
(except for opto-electronic components), including
integrated circuits, multilayer printed circuit boards,
and surface-mounted components, such as capacitors
and resistors, that result in improved performance
and capacity and, in many cases, reduced size;

l Computer-integrated manufacturing—development of
products for industrial automation, including robots,
numerically controlled machine tools, and automated
guided vehicles that allow for greater flexibility to the
manufacturing process and reduces the amount of
human intervention;

l Material design—development of materials, including
semiconductor materials, optical fiber cable, and
video discs, that enhance application of other
advanced technologies;

l Aerospace—development of technologies, such as
most new military and civil helicopters, airplanes,
and spacecraft (with the exception of communication
satellites), turbojet aircraft engines, flight simulators,
and automatic pilots;

l Weapons—development of technologies with military
applications, including guided missiles, bombs, torpe-
does, mines, missile and rocket launchers, and some
firearms; and

l Nuclear technology—development of nuclear power
production apparatus, including nuclear reactors and
parts, isotopic separation equipment, and fuel car-
tridges (nuclear medical apparatus is included in life
science rather than this category).

Industry analysts who are expert in foreign trade data,
knowledgeable about product manufacturers, and aware
of how products are manufactured identify whether

internationally traded products fall into any of these cate-
gories. To be included in a category, a product must con-
tain a significant amount of one of the leading-edge
technologies, and the technology must account for a sig-
nificant portion of the product’s value.4 Since the charac-
teristics of products the United States exports are likely
to be different from the products the Nation imports, the
experts evaluated exports and imports separately.

The Importance of Technology 
Product Trade to Overall U.S. Trade

U.S. trade in technology products accounted for 17 to 19
percent of all U.S. trade (exports plus imports) in goods
and services between 1990 and 1994. (See text table 6-2.)
Total U.S. trade approached $1.2 trillion in 1994; $219 bil-
lion involved trade in technology products. Technology
products account for a much larger share of U.S. exports
than U.S. imports (24 percent versus nearly 19 percent in
1994) and, therefore, make a positive contribution to the
overall balance of trade. Yet the surplus generated by
trade in technology products has declined each year since
1991. (See figure 6-1 and appendix table 6-1.)

Between 1990 and 1994, the U.S. trade surplus in soft-
ware technology doubled and trade in computer-integrated
manufacturing technologies, those used to automate the
manufacturing process, generated a sizable surplus. During
this same period, trade in aerospace technologies consis-
tently produced large, albeit declining, trade surpluses for
the United States. Aerospace technologies generated a net
inflow of $26 billion in 1990, and almost $30 billion in 1991
and in 1992, then declined 13 percent in 1993 and 9 percent
in 1994. While U.S. aerospace companies continue to lead
the world in aircraft production and global shipments,
Europe’s Airbus industry now challenges U.S. companies’
preeminence both at home and in foreign markets. The
impact of this trend is evident in the trade data. In 1990, U.S.
trade in aerospace technologies with Germany, the United
Kingdom, France, and Italy produced a $5.5 billion trade
surplus. In 1994, the U.S. trade surplus with Europe was
less than half that amount ($2 billion).
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4Consequently, the process lacks objective criteria to separate
advanced technology products from all other products, but rather
relies on the judgments of knowledgeable experts for product identifi-
cation. These judgments are reviewed by other experts to minimize
the impact of expert subjectivity. There is no single preferred method-
ology for identifying high-technology industries. The identification of
those industries considered to be high-tech has generally relied on
some calculation comparing R&D intensities. R&D intensity, in turn, has
typically been determined by comparing industry R&D expenditures
and/or numbers of technical people employed (i.e., scientists, engi-
neers, and technicians) with industry value added or the total value of
its shipments. These classification systems also suffer from a degree of
subjectivity, introduced by the assignment of establishments and prod-
ucts to specific industries. The information produced by these R&D
intensity-based classification systems is often distorted by the inclu-
sion of all products produced by the selected high-tech industries,
regardless of the level of technology embodied in the product. The
advanced technology product system of trade data allows for a highly
disaggregated, more focused examination of technology embodied in
traded goods compared with that possible with any industry-based
classification system.



In 1990, opto-electronics and electronics products were
the only technology areas that produced net trade deficits
for the United States. However, by 1994, the United
States had trade deficits in three areas: opto-electronics,
electronics, and computers and telecommunications.
(See figure 6-2.) During this period, massive trade
deficits with several Asian economies in these three tech-
nology areas overwhelmed trade surpluses generated
from trade with other countries.

The surplus in U.S. trade in advanced technology prod-
ucts provides one indicator of U.S. industry’s ability to
convert technological knowledge into products that reap
economic benefits for the country. The following sec-
tions examine in greater detail the markets for U.S.
exports and the sources of U.S. imports.

U.S. Exports of Technology Products 
U.S. exports of technology products account for nearly

one-quarter of all U.S. goods and services sold in foreign
markets. U.S. exports of technology products grew
steadily during the 1990s, rising from $94.7 billion in
1990 to $120.8 billion by 1994.

In 1994, the last year for which data are available, 3 of
the 10 technology categories accounted for 85 percent of
total U.S. technology product exports: computers and
telecommunications (35.5 percent of technology exports
in 1994), hereafter referred to as information technology;
aerospace (29.0 percent); and electronics (21.3 percent).
Included in the information technology category are soft-
ware products. Export sales of U.S. computer software
products grew rapidly during 1990–94, nearly doubling
in value, but still accounted for just 2.5 percent of total
technology product exports in 1994. U.S. electronics hap-
pened to be the fastest growing technology area, nearly
tripling as a share of all U.S. technology exports during
the 5-year period examined.
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Text table 6-2.
U.S. international trade in goods and services

1990 1991 1992 1993 1994

Total exports (billions of U.S. dollars) . . 393.0 421.9 447.5 464.8 512.4
Technology products (percent) . . . . . . 24.1 24.1 23.9 23.3 23.6
Other goods and services (percent) . . . 75.9 75.9 76.1 76.7 76.4

Total imports (billions of U.S. dollars) . . 495.3 488.1 532.4 580.5 663.8
Technology products (percent) . . . . . . 12.0 13.0 13.5 14.0 14.8
Other goods and services (percent) . . . 88.0 87.0 86.5 86.0 85.2

Total trade (billions of U.S. dollars) . . . . 888.3 910.0 979.9 1,045.3 1,176.2
Technology products (percent) . . . . . . 17.3 18.1 18.3 18.1 18.6
Other goods and services (percent) . . . 82.7 81.9 81.7 81.9 81.4

NOTE: Total trade is the sum of total exports and total imports.

SOURCE: U.S. Bureau of the Census, special tabulations, 1995.
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See appendix table 6-1.

NOTES: NAFTA countries are Canada and Mexico; Europe Four
countries are the United Kingdom, France, Germany, and Italy.

Figure 6-1.
U.S. trade balance in advanced technology
products, by region



Top Customers, by Technology Area 
The United States is the world’s leading exporter of

technology products, finding demand in every corner of
the world—from the most advanced countries to the
least developed. (See World Export Shares in Advanced
Technology Trade.) Japan and Canada are U.S. industry’s
largest nation customers; each country is the destination
for about 12 percent of total U.S. technology exports.
European and other Organisation for Economic
Cooperation and Development (OECD) countries are
also important consumers of U.S. technology products.
New markets have developed in several newly industrial-
ized and developing economies, especially in Asia.
Technology purchases by these economies now rival lev-
els sold to many of the advanced European countries.

Japan and Canada are among the top three customers
across the range of U.S. technology products (Japan
ranks in the top three in all technology areas; Canada in
eight). (See figure 6-3.) Germany is a leading consumer
of U.S. products in three technology areas: life science
products, opto-electronics, and nuclear technologies.
While several other advanced nations are also important
customers for particular U.S. technologies, notably the
United Kingdom (telecommunications and aerospace),
France (aerospace), and Belgium (biotechnology), sev-
eral of the newly industrialized and emerging Asian
economies now rank among the largest customers for
U.S. technology products.
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How does the United States compare with other
nations in trade in advanced technology products? The
United States is the world’s leading exporter of
advanced technology products. (The world was
defined as OECD country exports plus OECD imports
from nonmember countries.) (See text table 6-3.) The
U.S. lead is greatest in aerospace, biotechnology,
weapons, and life science technologies and weakest in
opto-electronics and manufacturing technologies.

For such an assessment, a crosswalk was construct-
ed between the 10-digit Harmonized Trade Codes and
the 5-digit Standard International Trade Classification
(SITC) system (Revision 3) and applied to OECD’s
Trade Series C data base. This process creates broader
product areas than were originally identified by the
Census classification process. An inspection of the
products included in each technology after the cross-
walk shows some dilution in technological sophistica-
tion compared with the products included in the
Census list. 

World Export Shares in Advanced Technology Trade
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See appendix table 6-1.

Figure 6-2.
U.S. trade balance in advanced technology 
products, by all categories and the most highly 
traded categories

Text table 6-3.
Country share of world exports, by technology

United
Technology States Japan Germany

All technologies . . . . . . . . . 25.2 17.0 11.7

Biotechnologies . . . . . . . . . 37.0 4.3 19.1

Life science technologies. . . . 27.5 13.8 20.4

Opto-electronics . . . . . . . . . 13.7 22.8 24.0

Information technologies . . . . 18.5 23.0 8.3

Electronics . . . . . . . . . . . . . 20.3 25.5 9.4

Manufacturing technologies . . 16.2 21.5 21.9

Advanced materials. . . . . . . 28.6 9.3 15.1

Aerospace . . . . . . . . . . . . . 44.2 1.4 11.3

Weapon technologies . . . . . 34.3 4.6 12.1

Nuclear technologies. . . . . . 20.8 0.2 9.6

SOURCE:  DRI/McGraw-Hill, special tabulations, April 1994.
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U.S. Exports to Newly Developed 
and Developing Nations 

Trends in a nation’s purchases of foreign-made prod-
ucts that contain cutting-edge technologies give some
indication of that economy’s technological sophistica-
tion, and may suggest a national direction regarding
technology development. Data on U.S. exports of tech-
nology products to Asia, Latin America, and Africa pro-
vide a measure of these trends. The United States is just
one of several suppliers of technology products to devel-
oping nations. Japan, Germany, and other OECD coun-
tries are major suppliers of technology products and may
be more dominant than the United States in particular
regions. Nevertheless, the United States is the leading
supplier of technology products to the international mar-
ketplace and, therefore, U.S. exports can serve as an indi-
cator of other nations’ technological activity.

Asia 
Asia is an important customer for U.S. technology

products. Japan, one of the largest consumers, has been
joined by other Asian economies that have emerged as
eager customers of U.S.-made advanced technologies.
(See figure 6-4.) In 1994, the newly industrialized
economies (NIEs) of Asia—Hong Kong, Singapore,
South Korea, and Taiwan—together were the recipients
of 17 percent of all U.S. technology exports; in 1990, they
accounted for 12 percent. Singapore, the smallest of
these Asian economies, has become the second largest
Asian market after Japan, ahead of the much larger

economies of South Korea and Taiwan.5 Electronics,
computers, and telecommunications products account
for approximately 66 percent of all U.S. technology prod-
uct exports to Singapore. Bringing in these information-
based advanced technology products from the United
States helps Singapore move even more quickly toward
its national goal of developing an information-based
economy. Aerospace technology accounts for another 28
percent of the United States’ technology exports to
Singapore. U.S.-made commercial aircraft and parts have
helped to make Singapore’s national airline an important
provider of air transportation in the region.

The two larger NIEs, South Korea and Taiwan, are on
a similar level of economic development as Singapore;
yet, on a per capita basis, these economies purchase far
fewer technology products from the United States.
Either they are more technologically self-sufficient or
they have sources of advanced technologies elsewhere.
Other indicators presented in the chapter would suggest
that they are more technologically self-sufficient than the
other NIEs. Still, they continue to be important cus-
tomers for U.S. technologies. South Korea purchased 5.1
percent of U.S. technology exports in 1994 and Taiwan
4.5 percent. As with Singapore, electronics, computers
and telecommunications, and aerospace products are the
primary U.S. technologies shipped to these Asian NIEs.

Many of the fastest growing export markets for U.S.
technology products are also found in Asia. U.S. technol-
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Figure 6-3.
Three major export markets for U.S. technology products: 1994

5Singapore’s population is half as big as Hong Kong’s and about 1⁄20

the size of South Korea.



ogy exports to four emerging Asian economies (EAEs)—
China, India, Indonesia, and Malaysia—approached $9
billion in 1994, which represents a doubling over the
past 5 years. Malaysia, the smallest of the four in terms
of land mass and population, was the biggest consumer
of U.S. technology products in 1994; purchases totaled
nearly $4.6 billion. By comparison, U.S. technology
exports to China exceeded $3 billion in 1994, two-and-
one-half times the value exported to China in 1990.
Aerospace products are the primary U.S. technology
exported to China and Indonesia (63 percent and 76 per-
cent, respectively, of each country’s technology imports
from the United States). India’s imports of U.S. technolo-
gy products were concentrated in two areas: aerospace
products (41 percent of India’s technology imports from
the United States in 1994) and information technologies
(28 percent). U.S. electronics were the primary technolo-
gy export to Malaysia in 1994.

China, India, Indonesia, and Malaysia together have over
2 billion people and represent many of the world’s fastest
growing economies. They are also committed to technolo-
gy-driven, economic development. As the recent trends in
U.S. exports suggest, these market dynamics have not
escaped the attention of U.S. technology producers. 

South America
U.S. exports of advanced technology to four of the larg-

er South American countries (Argentina, Brazil, Chile,
and Peru) grew from $2.2 billion in 1990 to $3.2 billion in
1994. These dollar volumes represented 2.3 percent
(1990) and 2.7 percent (1994) of all U.S. technology
exports, about one-sixth the amount exported to the
Asian NIEs.

U.S. information technologies accounted for 68 percent
of all technology exports to the four-country South
American region in 1994; in 1990, aerospace products
dominated the region’s technology imports from the
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Figure 6-4.
U.S. technology exports, by region: 1994



United States. Brazil is the region’s largest consumer of
U.S. technology products, but since 1990 its relative
share has declined. Conversely, Argentina’s imports of
U.S. technology products tripled in dollar value from
1990 to 1994, although it still purchased less than 60 per-
cent of the amount purchased by Brazil in 1994.

The U.S. technology area that experienced the most
growth in exports to South America is computer soft-
ware technology, which grew 600 percent in just 5 years
($129 million in 1994, up from $14 million in 1990). U.S.
life science technologies (pharmaceuticals and medical
equipment) and biotechnology exports to South America
also increased sharply from 1990 to 1994.

Eastern Europe 
U.S. exports of technology products to three East

European countries—Hungary, Poland, and Russia—are
small in comparison with those exported to the Asian
NIEs, and only one-third the amount exported to the
four South American countries. Together they account-
ed for just 0.8 percent of all U.S. technology exports in
1994. Obstacles preventing greater exports to these
three countries include the lack of foreign exchange
and suitable infrastructure to fully utilize many
advanced technologies.

Two product areas account for over 80 percent of U.S.
technology exports to this area of Europe: aerospace and
information technologies. Hungary and Poland together
import less than Russia, and that gap has widened dur-
ing the 1990s. Russia spent nearly $344 million on U.S.
aerospace products in 1994, after spending less than $40
million in the previous 2 years. Exports of U.S. informa-
tion technologies to Russia have also increased; ship-
ments doubled from 1992 to 1993 to reach $185 million,
with another $177 million purchased in 1994.

U.S. technology exports to Hungary and Poland, like
those to Russia, are primarily aerospace and informa-
tion technologies. Consistent with a need to retool
manufacturing facilities, the fastest growing technolo-
gy area for U.S. exports to Eastern Europe is robotics
technology.

Africa 
U.S. exports of technology products to the three top

importing African countries (Kenya, Nigeria, and South
Africa) totaled just $485 million in 1994, representing 0.4
percent of all U.S. technology exports that year and about
one-half what was exported to the three Eastern
European countries. Exports of U.S. technology to South
Africa are 10 times exports to Nigeria and Kenya com-
bined, and will likely increase in the near future, with the
lifting of the international boycott on investment and
trade. Well over 80 percent of South Africa’s technology
imports from the United States are concentrated in infor-
mation technologies and aerospace. Software products
are clearly the fastest growing area for U.S. technology
exports to South Africa. In 1990, U.S. software sales

totaled just $490,000, but they rose dramatically each
year thereafter and reached $51 million by 1994.

As observed for other developing countries, U.S. tech-
nology exports to Nigeria and Kenya are made up pri-
marily of information and aerospace technologies. U.S.
sales of life science technologies to both nations were
also strong, in particular to Nigeria in 1992 and 1993.
During 1990–92, weapons accounted for 10 to 16 percent
of Kenya’s technology imports from the United States.

U.S. Imports of Technology Products
The United States is not only an important exporter of

technologies to the world, but also it is a major con-
sumer of foreign-made technologies. Imported technolo-
gies enhance productivity of U.S. firms and workers,
improve health care for U.S. residents, and offer U.S. con-
sumers more choice.

Technology products represent a significant and grow-
ing share of all goods and services imported by the
United States. U.S. imports of technology products grew
steadily during the 1990s; these imports rose from $59.4
billion in 1990 (representing 12 percent of total U.S.
imports) to $98.4 billion by 1994, or nearly 15 percent of
total U.S. imports.

The three technology areas that account for the bulk
of technology products shipped from the United States
account for a slightly larger portion of technology prod-
ucts shipped to the United States. In 1994, the last full
year for which data are available, 3 of the 10 technology
categories accounted for 89 percent of total U.S. technol-
ogy product imports: information technologies (50.8 per-
cent of technology exports in 1994), electronics (26.3
percent), and aerospace (11.6 percent). Electronics was
the fastest growing technology area for both U.S. imports
and U.S. exports.

National Sources for U.S. Technology Imports
Asia and Europe supply over 80 percent of technology

products imported by the United States. Europe’s four
largest economies (Germany, France, Italy, and the
United Kingdom) are smaller suppliers of technology to
the United States than might be expected. If U.S. imports
from the four largest European economies are grouped,
the four supplied just 14 percent of U.S. technology
imports in 1994, down from 19 percent in 1991 and 1992.
By comparison, Asian countries supplied 65 percent of
all technology products imported by the United States in
1994, a steady rise since 1991. Japan alone exported
more technology products to the United States than the
four large European countries. Japan was the source for
29 percent of all technology imported to the United
States in 1994, followed by Singapore, the source for 11
percent. South Korea, Taiwan, and Malaysia were also
important suppliers of technology to the U.S. market.
Imports from Malaysia grew so rapidly during the 1990s
that by 1994, Malaysia became a larger supplier of
imported technology to the United States than either
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South Korea or Taiwan. Technology products imported
from China also surged during the 1990s. China supplied
2.4 percent of U.S. technology imports in 1994 compared
with just 0.3 percent in 1990.

NAFTA partners, Canada and Mexico, together sup-
plied, on average, 11 percent of U.S. technology imports
during 1990–94. Canada is the United States’ largest
overall trading partner when all goods and services are
counted. The share of technology imports from Canada
has declined from a high of 12 percent in 1990 to 8.5 per-
cent by 1994. Mexico’s share is small but rising. 

Top Suppliers, by Technology Area 
The leading economies in Asia and Europe are impor-

tant suppliers to the U.S. market in each of 10 technology
areas. (See figure 6-5.) Japan is a major supplier in seven
advanced technology categories, Germany in four.
Consistent with their status as major industrialized
nations, Canada and the United Kingdom also supply a
wide variety of technology products to the United States
and are among the top three in several technology areas.

A large volume of technology products comes from
the newly developed and developing Asian economies, in
particular, Malaysia, Singapore, and South Korea.
Growing technology product imports from these Asian
countries and from other regions into one of the most
demanding markets in the world suggest a widening of
technological capabilities globally and increased compe-
tition for U.S. producers in the future.

U.S. Technology Imports from Newly
Developed and Developing Economies

The market competitiveness of technology products
from newly developed and developing economies pro-
vides an important test for their science and technology
enterprises: whether or not they are sufficiently devel-
oped to generate advanced technology products that
meet the demands of the international marketplace. A
nation’s ability to export cutting-edge technology prod-
ucts to technologically advanced markets, like that of the
United States, provides such an assessment. Trade data
also provide an indication of a developing economy’s
focus with respect to technology development. (See
figure 6-6.)

Asia 
In 1994, the Asian NIEs—Hong Kong, Singapore,

South Korea, and Taiwan—together supplied nearly 26
percent of all U.S. technology imports. Five years earlier,
they accounted for 23 percent. Singapore ranks second
in the region, behind only Japan and ahead of the much
larger economies of South Korea and Taiwan. Inform-
ation products and electronics together account for over
95 percent of all technology product imports by the
United States from Singapore.6 These two technology
areas also dominated U.S. technology imports from
South Korea and Taiwan.
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Figure 6-5.
Three major foreign suppliers of technology products to the United States: 1994



6These two technology areas were also the focus of Singapore’s
technology imports from the United States.



Other Asian economies are developing into important
suppliers of technology products to the U.S. market. U.S.
technology imports from four EAEs—China, India,
Indonesia, and Malaysia—approached $10 billion in 1994,
up from just $2.1 billion in 1990. Once again, Malaysia
stands out, with exports to the United States twice that of
the others’ exports combined in 1994. Electronics has been
the major U.S. technology import from Malaysia, although
U.S. imports of information technology products grew quick-
ly and, by 1994, ranked a close second. U.S. technology
imports from China, India, and Indonesia are primarily infor-
mation products. In 1994, information products accounted
for 82 percent of all U.S. technology imports from China, 78
percent from India, and 88 percent from Indonesia. Indian
scientists and engineers have gained worldwide recognition
for their skills in software engineering. Those skills have
helped spur India’s exports of software products. In 1994,
software products accounted for 13 percent of India’s infor-
mation technology exports to the United States.

The growing bilateral trade activity evident from the
preceding discussion cannot be explained solely as ship-
ments between U.S. companies and affiliates in those
countries. Other S&T indicators presented in this report
(in particular, patenting and bibliometric trends and
numbers of scientists and engineers in the working pop-
ulation) also point to the expanding technological capaci-
ties developing across Asia.7

South America
Trade in technology products between the United

States and South America appears to be very one sided.
While U.S. exports of advanced technology products to
four of the larger South American countries (Argentina,
Brazil, Chile, and Peru) grew from $2.2 billion in 1990 to
$3.2 billion in 1994, U.S. technology imports were valued
at just $363 million in 1990 and declined to $152 million
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Figure 6-6.
U.S. technology imports, by region: 1994

7Asia’s technological growth is examined in greater detail in two
reports: Asia’s New High-Tech Competitors (SRS, 1995) and Human
Resources for Science & Technology: The Asian Region (SRS, 1993a).



in 1994. This is contrary to a generally rising trend in
U.S. imports from these four South American countries
in all other goods and services. Information products
and aerospace technologies accounted for over 90 per-
cent of U.S. technology imports from these four coun-
tries during the 1990s. (See figure 6-6.)

Eastern Europe 
U.S. technology imports from the three former Eastern

bloc countries, Hungary, Poland, and Russia, were larger
than those imported from the four Latin American countries
in 1994 and appear to be on an upward trend. Still, together
they accounted for just 0.2 percent of all U.S. technology
imports in 1994. Life science technologies (pharmaceuticals
and medical equipment) make up a major portion of U.S.
technology imports from Russia (76 percent in 1994) and
Hungary (42 percent).8 Aerospace technologies accounted
for nearly half of all technology imports from Poland.
Information products and electronics were two growth areas
for Hungary and Poland. Imports of nuclear technologies
from Russia were quite large (9 percent of the total) in 1994.

Africa 
The United States exports more technology products

to Africa than it imports from Africa. This trade surplus
is less than the surplus generated from bilateral trade
with Latin America during the 1990s; it is similar to the
surplus observed for Eastern Europe. U.S. imports of
technology products from three African countries
(Kenya, Nigeria, and South Africa) totaled just $14 mil-
lion in 1994, representing 0.1 percent of all U.S. technolo-
gy imports that year. Imports of technology products
from South Africa are 10 times imports from Nigeria and
Kenya combined. In 1994, 57 percent of U.S. technology
imports from South Africa and 33 percent from Nigeria
were life science technologies. Information products
dominate U.S. bilateral trade with Kenya. Life science
technology appears to be the fastest growing technology
area for African exports to the United States.9

Royalties and Fees Generated 
from Intellectual Property

The United States has traditionally maintained a large
surplus in international trade of intellectual property.
Trade in intellectual property includes the licensing and
franchising of proprietary technologies, trademarks, and
entertainment products. These transactions generate net

revenues for U.S. firms in the form of royalties and
licensing fees.

U.S. Royalties and Fees from All Transactions 
U.S. receipts from all trade in intellectual property

exceeded $20 billion in 1993, more than double the U.S.
receipts just 5 years earlier. (See appendix table 6-2.)
During the period 1987–93, U.S. receipts were generally
four to five times as large as U.S. payments to foreign
firms for intellectual property. Most (about 75 percent) of
the transactions involved exchanges of intellectual prop-
erty between U.S. firms and their foreign affiliates. (See
figure 6-7.) Exchanges of intellectual property between
affiliates is growing faster than those between unaffiliated
firms. This trend suggests a growing internationalization
of U.S. business and a desire to retain a high level of con-
trol on any intellectual property leased overseas.

U.S. Royalties and Fees from Trade 
in Technical Knowledge 

Data on royalties and fees can be further disaggregat-
ed to reveal U.S. trade in technical know-how resident in
the industrial sector. These data describe transactions
between unaffiliated firms where prices are set through a
market-related bargaining process. Therefore, these data
better reflect the exchange of technology and its market
value at a given point in time than do data on exchanges
between affiliated firms. When receipts (sales of technical
know-how) consistently exceed payments (purchases),
these data may indicate an advantage in the creation of
industrial technology. Examining the record of the result-
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Figure 6-7.
U.S. trade balance of royalties and fees,
by affiliation of companies

8In 1994, the Republic of Solvenia was the leading foreign supplier of
biotech products to the United States; in 1993, it was the ninth leading
supplier. Slovenia declared its independence in 1991 and was accepted
as a new member to the United Nations on May 22, 1992. Biotech-
nology research in Slovenia focuses on cloning and gene expression in
E. coli, studies on metabolic regulation, and development of processes
for new fungal metabolites (Ministry of Science and Technology of the
Republic of Slovenia, 1992; The Centre for International Cooperation
and Development, 1992).

9Many of the scientists and engineers building technological capabil-
ities in Kenya and Nigeria were educated at U.S. universities. (See
chapter 2, Higher Education in Science and Education.) 



ing receipts and payments also provides an indicator of
the production and diffusion of technical knowledge.

The United States is a net exporter of technology
sold as intellectual property. Royalties and fees
received from foreign firms have been, on average,
three times those paid out to foreigners by U.S. firms
for access to their technology. U.S. receipts from such
technology sales approached $2.8 billion in 1993, up
from $1.7 billion in 1987. (See figure 6-8 and appendix
table 6-3.) 

Japan is the largest consumer of U.S. technology sold in
this manner. In 1993, Japan accounted for over 50 percent of
all such U.S. receipts, while the European Community coun-
tries together represented 18 percent. South Korea
increased its purchases of U.S. technological know-how dur-
ing the 7 years for which data are available. It has become
the second largest consumer of U.S. industrial processes,
with a 10-percent share in 1993, up from just a 2-percent
share in 1987.

To a large extent, the U.S. surplus in the exchange of
intellectual property is driven by trade with Japan. In 1993,
U.S. receipts (exports) from technology licensing transac-
tions were seven times U.S. firm payments (imports) to
Japan. On the other hand, the U.S. trade surplus with
Europe in sales of technological know-how has declined
over the past 4 years, in large part because of increasingly
larger trade deficits with Germany and the United Kingdom.

International Trends 
in Industrial R&D10

In high-wage countries like the United States, indus-
tries stay competitive in a global marketplace through
innovation. Innovation can lead to better production pro-
cesses and better performance of products (i.e., more
durable, more economical, etc.); it can thereby provide
the competitive advantage high-wage countries need in
order to compete with low-wage countries.

Trends in industrial R&D performance are indicators
of nations’ innovative efforts. Research and development
activities generate new ideas that lead to new processes
and products—even new industries. While they are not
the only source of new innovations, R&D activities con-
ducted in industry-run laboratories and facilities are
associated with many of the important new ideas that
have helped shape modern technology. U.S. industries
that traditionally conduct large amounts of R&D have
met with greater success in foreign markets than less
R&D-intensive industries, and have been more support-
ive of higher wages for their employees.11 Trends in
industrial R&D performance also serve as leading indica-
tors of future technological performance.

This section examines R&D trends using a data base
developed at OECD. It describes trends in all industrial
R&D performed from 1973 through 1992, regardless of
the source of funding.12 The discussion begins with a
comparison of overall trends in industrial R&D activity.
This analysis is followed by a discussion of trends in the
top R&D-performing industries in the United States and
in those of its two major competitors in the global mar-
ketplace, Japan and Germany.

Overall Trends
The United States has long led the industrialized

world in the performance of industrial R&D. Over the
past 2 decades, however, U.S. dominance has been chal-
lenged. The U.S. share of total industrial R&D performed
by the OECD countries fell between 1973 and 1992. (See
figure 6-9.) Despite this decline, the United States remains
the leading performer of industrial R&D by a wide margin,
even surpassing the combined R&D of the 12-nation
European Community. True to its belief in the economic
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Figure 6-8.
U.S. royalties and fees generated from the exchange
of industrial processes between unaffiliated
companies: 1993

0 500 1,000 1,500 2,000 2,500 3,000

Millions of dollars

10Data from OECD’s Structural Analysis Database for Industrial
Analysis, Analytical Business Enterprise R&D file (STAN/ANBERD) are
used to examine trends in total industrial R&D. This data base tracks
all R&D expenditures (both defense- and non-defense-related) carried
out in the industrial sector regardless of funding source. For an exami-
nation of U.S. industrial R&D by funding source, see chapter 4,
Research and Development: Financial Resources and Institutional
Linkages. 

11See U.S. Department of Commerce (1995) and chapter 6, The
Global Markets for U.S. Technology in Indicators of Science and
Engineering—1993 (National Science Board, 1993) for a presentation
of recent trends in U.S. industry’s competitiveness in foreign and
domestic product markets.

12These data are not categorized by type of R&D performed (i.e.,
basic, applied, or development). Both defense- and non-defense-related
R&D conducted in the industrial sector are included in these data.



benefits of investments in R&D, Japan followed a high
R&D growth path during the 1970s and 1980s that led to a
near doubling of its share of total OECD R&D over the 20-
year period.

R&D Performance by Industry
The United States, Japan, and Germany represent the

three largest economies of the industrialized world and
compete head to head in international markets. An analy-
sis of R&D data provides some explanation for nations’
past successes in certain product areas, provides insight
into future product development, and also signals shifts
in national technology priorities.13

The United States
R&D performance by U.S. industry followed a pattern

of rapid growth during the 1970s, which accelerated dur-
ing the early 1980s. That growth pattern stalled during
the latter part of the decade, showing only meager
growth, when performance is adjusted for inflation. That
deceleration continued into the 1990s, as overall U.S.
industrial R&D grew less than 3 percent in 1991 and by
just 1 percent in 1992.

These numbers would look far worse were it not for the
growth in R&D performed by U.S. nonmanufacturing indus-
tries. While R&D performance by U.S. manufacturers has
not kept pace with inflation since the mid-1980s, R&D per-
formance by U.S. nonmanufacturing industries grew rapid-
ly. (See figure 6-10 and appendix table 6-4.) An examination
of the latest data on overall U.S. industrial R&D performance
shows the nonmanufacturing sector’s share at 4 percent in
1982 but rising to 25 percent by 1992. Very little detail is
available that breaks down the nonmanufacturing sector by
industry, but R&D performance by computer software com-
panies and companies providing communication services
increased significantly in recent years and are examples of
types of service-sector industries driving this trend.14

In the manufacturing sector, R&D performance in sev-
eral industries, including pharmaceuticals companies,
companies primarily engaged in the manufacture of sci-
entific instruments, and chemical companies, outpaced
inflation in the latest period. R&D performance of the air-
craft and motor vehicle industries did not keep pace with
inflation. The trend in the aircraft industry’s declining
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SOURCE: The Organisation for Economic Co-operation and 
Development, Main Science and Technology Indicators data base 
(Paris: OECD, May 1995). 

NOTE: Data were calculated using purchasing power parities.

Figure 6-9.
Shares of total industrial R&D in OECD countries

13Industry-level data are occasionally estimated in order to provide a
complete time series for the 1973–92 period.
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See appendix table 6-4.

Figure 6-10.
U.S. industrial R&D performance
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14See table 2 in NSF’s Selected Data on Research and Development in
Industry (SRS, 1993b; 1993c, forthcoming).



R&D, when measured in 1990 dollars, was a continuation
of a trend that began in the mid-1980s. The decline in
motor vehicle industry R&D during the 1990s, in real dol-
lars, reverses a pattern of strong R&D growth during the
previous decade.

The U.S. aircraft and communications equipment
industries have consistently been the largest performers
of R&D. Comparing R&D performance in 1982 and 1992
shows a shift in the Nation’s R&D emphasis. Although
the aircraft and communications equipment industries
retain their top positions as the leading R&D performers
in the United States, their share of total R&D fell over the
10-year period. Other manufacturing industries are per-
forming more R&D, as are service-sector industries. (See
figure 6-10.) Service-sector industries (as a group)
exceeded the R&D performed by the top two manufactur-
ing industries in 1992.

Japan 
Since 1973, R&D performance in Japanese manufactur-

ing industries grew at a higher annual rate than in the
United States, and faster than either the United States or
Germany since 1980 (OECD, 1994). Japanese industry
continued to expand its R&D spending rapidly through
1985, more than doubling the annualized rate of growth
seen during the 1970s. Japanese industrial R&D spend-
ing slowed somewhat during the second half of the
1980s, but Japan still led all other industrialized nations
in terms of average annual growth in industrial R&D.

Unlike the declining trend observed for manufacturing
industries in the United States, Japanese manufacturing
industries consistently accounted for over 95 percent of
all R&D performed by Japanese industry. R&D in
Japanese nonmanufacturing industries does appear to
have accelerated during 1990–92, but Japan’s industrial
R&D continued to be dominated by the manufacturing
sector. (See figure 6-11 and appendix table 6-5.)

An examination of the top five R&D-performing indus-
tries in Japan reflects that country’s long emphasis on
communications technology (including consumer elec-
tronics and all types of audio equipment). This industry
was the leading performer of R&D throughout the peri-
od reviewed. Japan’s motor vehicle industry was the
third leading R&D performer in 1973, but rose to num-
ber two in 1980 and remained at that level through
1992. Japanese automobiles earned a reputation for
high quality and value during these years, which
earned Japanese auto makers larger and larger shares
of the global car market.

Electrical machinery producers also are among the
largest R&D performers in Japan and have maintained
high R&D growth throughout the period examined. By
contrast, the U.S. electrical machinery industry’s rank
among the top U.S. R&D producers in the United States
has dropped since 1973, while Japan’s industry moved
up to become that country’s third leading R&D-perform-
ing industry by 1992.

Another Japanese industry that has become a more
important R&D performer is its computer and office
equipment industry. Japan’s computer and office equip-
ment industry did not rank among the top five R&D per-
formers until 1984. But rapid R&D growth during the late
1970s and throughout the 1980s moved this industry
ahead of Japan’s pharmaceutical industry. The industry
has maintained this position through 1992.

Germany 
During the 1980s, while much of the industrialized

world focused even more resources on industrial R&D,
industrial R&D growth in Germany slowed down. In fact,
German R&D grew even more slowly during the second
half of the decade than it did during the already sluggish
growth period of the early 1980s. Industrial R&D growth
continued to slow down during 1990–92 and, when
adjusted for inflation, actually showed a decline in 1992.

Like Japan, manufacturing industries continue to per-
form over 95 percent of all industrial R&D in Germany.
The share of total industrial R&D performed by German
nonmanufacturing industries actually declined since 1984.
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Japanese industrial R&D performance



Germany’s industrial R&D appears to be somewhat
less concentrated than in the United States, but more
than in Japan. (See figure 6-12 and appendix table 6-6.)
Although the same five industries have led German
industry in R&D performance over the past 2 decades,
the rank order has changed somewhat. Comparing the
top 5 R&D performers in 1992 with the top 5 performers
10 years earlier shows motor-vehicle- and communica-
tion-related R&D moving ahead of the long-time industri-
al R&D leader in Germany, the chemical industry.

An examination of the other industries that were among
the top five R&D performers in Germany mirrors that coun-
try’s commercial prominence as a supplier of world-class
machinery and chemicals. Beginning in the second half of
the 1980s, the German computer and office equipment
industry and its pharmaceutical industry have shown the
most rapid R&D growth among the industries examined.

Patented Inventions
One of the important benefits of R&D is a stream of new

technical inventions that may, in turn, be embodied in
innovations—i.e., in new or improved products, process-

es, and services.15 Inventors can obtain government-sanc-
tioned property rights by applying for patents. Such
patents are issued by authorized government agencies for
inventions judged to be new, useful, and nonobvious.16

Patent data provide useful indicators for measuring
technical change and inventive input and output over
time.17 Further, U.S. patenting by foreign inventors
enables measurement of the levels of invention in those
foreign countries (Pavitt, 1985) and can serve as a lead-
ing indicator of new technological competition (Faust,
1984).18 Patenting trends can therefore serve as an indi-
cator—albeit one with certain limitations—of national
inventive activities.19 (For a comparison of U.S. inventors’
share of patents granted by the European Patent Office
see Patenting Outside the United States.)

This section describes broad trends of patent activity
in the United States over time by national origin of
owner, patent office class, patent activity, commerce
activity and technological importance of the invention. A
new patent analysis examines U.S. inventions and foreign
inventions patented in the United States for ties to sci-
ence, for tendencies to patent in fast changing technolo-
gies, and for technological impact.

Granted Patents by Owner 

Patents Granted to U.S. Inventors
Since 1980, a trend line charting the number of

patents awarded to U.S. inventors would resemble the
ups and downs of a roller coaster ride.20 During the first
half of the 1980s, the number of patents increased and
declined slightly from year to year, but generally
increased; 39,500 patents were awarded to U.S. inventors
in 1985, compared with 37,000 in 1980. During the sec-
ond half of the decade, the number of patents granted
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Figure 6-12.
German industrial R&D performance

15Although the U.S. Patent and Trademark Office grants several
types of patents, this discussion is limited to utility patents, which are
commonly known as “patents for inventions.”

16A patent grant allows an inventor to exclude others from making,
using, or selling that invention. See U.S. Patent and Trademark Office
(1989).

17See Griliches (1990) for a survey of the literature related to this
point.

18Corporations account for about 80 percent of all foreign-owned U.S.
patents.

19Patenting indicators have some well-known drawbacks, including
the following:

• Incompleteness—many inventions are not patented at all, in part
because laws in some countries already provide for the protection
of industrial trade secrets;

• Inconsistency across industries—industries vary considerably in
their propensity to patent inventions; consequently, it is not advis-
able to compare patenting rates between different technologies or
industries (Scherer, 1992); and

• Inconsistency in quality—the inventions patented can vary consid-
erably in quality. Patent citation rates, evaluated in the Current
Impact Indicator, are one method for dealing with this question of
varying quality. (See section on Technological Importance of
Patented Inventions.) Despite the limitations, patents provide a
unique source of information on inventive activities.

20The U.S. Patent and Trademark Office grants patents to both U.S.
and foreign inventors. Patent origin is determined by the residence at
the time of grant of the first-named inventor as specified on the face of
the patent. Patents “granted to Americans” are U.S. origin patents.



rose at a much faster rate (although the year-to-year fluc-
tuations continued). In 1989 there was a large jump in
the number of new patents awarded to U.S. inventors;
that year also marked the first time that the number of
patents awarded exceeded 50,000. Except for the follow-
ing year (1990), the 50,000 barrier was exceeded each
year thereafter. (See figure 6-13 and appendix table 6-7.)

Patents granted to U.S. inventors can be further ana-
lyzed by patent ownership at the time of the grant.
Inventors who work for private companies or for the
Federal Government commonly assign ownership of
their patents to their employers; self-employed inventors
usually retain ownership of their patents. The owner’s
sector of employment is thus a good indication of the
sector in which the inventive work was done. In 1993,
nearly 79 percent of granted patents were owned by cor-
porations.21 (See Top Patenting Corporations.) This per-
centage has increased gradually over the years.22

Individuals are the next largest group of U.S.-origin
patent owners. Prior to 1980, individuals owned 24 per-
cent of all patents granted.23 Their share has fluctuated
between 23 and 27 percent since then. In 1993, the 23-
percent share accounted for by individuals matched sim-
ilar period lows recorded in 1983, 1984, and 1985. The
Federal share of patents averaged 3.5 percent of the total
during the period 1963–80; thereafter, U.S. Government-
owned patents as a share of total U.S.-origin patents have
declined.24
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What is often obscured by the rising trends in for-
eign-origin patents in the United States is the success
and widespread activity of U.S. inventors patenting
their inventions around the world. Data from the
European Patent Office (EPO) for 1991 place U.S.
inventors first among all other countries. U.S.-origin
inventions accounted for 25 percent of all patents
granted by the EPO in 1991. Still, the U.S. share has
declined over the past 10 years just as Japan’s has
increased. These same trends are also evident when
the U.S. patent data are examined. (See text table 6-4.)

Patenting Outside the United States

Text table 6-4.
Share of patents granted by the European 
Patent Office

Country 1982 1985 1988 1991

United States . . . . . . . . 27.0 27.4 26.2 25.0
Germany. . . . . . . . . . . . 23.1 21.9 21.4 20.0
Japan . . . . . . . . . . . . . . 12.9 15.3 18.0 22.3
France . . . . . . . . . . . . . 9.6 8.6 8.5 8.6
United Kingdom. . . . . . . 8.5 7.7 7.2 5.2
Newly industrialized 

economies . . . . . . . . . 0.1 0.1 0.2 0.4

SOURCE: Organisation for Economic Co-operation and Development,
Using Patent  Data as Science and Technology Indicators, Patent
Manual 1994, Table 6 (Paris, 1994).
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NOTE: German data are for the former West Germany only.

Figure 6-13.
U.S. patents granted, by nationality of inventor

21About 2.5 percent of patents granted to U.S. inventors in 1993 were
owned by U.S. universities and colleges. The Patent Office counts
these as being owned by corporations. For further discussion of aca-
demic patenting, see chapter 5, Patents Awarded to U.S. Universities.

22Between 1980 and 1993, corporate-owned patents accounted for
between 74 and 79 percent of total U.S.-owned patents.

23Prior to 1980, data are provided as a total for the period 1963–80.
24Federal inventors frequently obtain a statutory invention registra-

tion (SIR) rather than a patent. An SIR is not ordinarily subject to exam-
ination and costs less to obtain than a patent. Also, an SIR gives the
holder the right to use the invention, but does not prevent others from
selling or using the invention as well.



In 1993, the number of patents granted in the United
States rose by less than 1 percent; this followed a similar
increase in 1992 and a much larger increase, nearly 7
percent, in 1991.25 U.S. inventors received 54 percent of
the U.S. patents granted in 1993, which continued a gen-
eral upward trend that began in the late 1980s.
Corporations, individuals, and U.S. Government agencies
all showed greater interest in owning U.S. patents. The
increase seen in U.S. Government-owned patents was
encouraged by legislation enacted during the 1980s
which called for U.S. agencies to establish new programs
and increase incentives to its scientists, engineers, and
technicians in order to improve the transfer of technolo-
gy developed in the course of government activities.26

Patents Granted to Foreign Investors
Foreign-origin patents represent nearly half (46 per-

cent in 1993) of all patents granted in the United States.
That share rose throughout most of the 1980s before
edging downward from 1990 through 1993.

Foreign patenting in the United States is highly con-
centrated by country of origin. In 1993, just five coun-
tries—Japan, Germany, Great Britain, France, and
Canada—accounted for 80 percent of U.S. patents grant-
ed with foreign origin. (See figure 6-13.) Looking over
the past 10 years, the numbers of patents granted to
inventors from these countries have generally
increased—but patents granted to Japanese residents
grew the fastest. This growth has been dramatic, with
Japanese inventors receiving 23 percent of all U.S.
patents in 1993 and 49 percent of all U.S. patents with for-
eign origin. Just 10 years earlier, in 1983, these shares
were 16 percent and 37 percent, respectively.

Patent shares by inventors from the top three
European countries generally declined over the past 10
years. German inventors were granted 23 percent of U.S.
patents with foreign origin in 1983; this share fell to 15
percent by 1993. The British and French each accounted
for 8 percent of U.S. patents with foreign origin in 1983,
their shares declined to 5 percent and 6 percent, respec-
tively, by 1993.

Other countries show sharp increases in their capacity
for invention, particularly Taiwan and South Korea.
Before 1980 (data are available starting in 1963), Taiwan
was awarded just 171 U.S. patents; between 1980 and
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An examination of the top 10 patenting corpora-
tions in the United States over the past 20 years illus-
trates the rapid technological transformation
achieved by Japan over a relatively short period. (See
text table 6-5.) In 1973, there were no Japanese com-
panies among the top 10 patenting corporations in
the United States. In 1983, there were 3 Japanese
companies among the top 10. By 1993, Japanese com-
panies outnumbered U.S. companies. Japan’s patent-
ing now emphasizes computer technologies,
television and communication technologies, and
transportation technologies. Data for 1994 again put 6
Japanese companies among the top 10.

Top Patenting Corporations

Text table 6-5.
Corporations receiving the most U.S. patents

Corporation Number of patents

1973

General Electric Corporation . . . . . . . . . . . 1,051
AT&T Corporation . . . . . . . . . . . . . . . . . . . 678
General Motors Corporation . . . . . . . . . . . 665
IBM Corporation . . . . . . . . . . . . . . . . . . . . 632
Westinghouse Electric Corporation . . . . . . 563
E.I. DuPont de Nemours & Company . . . . . 529
Eastman Kodak Company. . . . . . . . . . . . . 524
U.S. Philips Corporation. . . . . . . . . . . . . . . 430
Dow Chemical Company. . . . . . . . . . . . . . 402
Siemens Aktiengesellschaft. . . . . . . . . . . . 370

1983

General Electric Corporation . . . . . . . . . . . 637
IBM Corporation . . . . . . . . . . . . . . . . . . . . 484
AT&T Corporation . . . . . . . . . . . . . . . . . . . 465
RCA Corporation. . . . . . . . . . . . . . . . . . . . 448
Hitachi, Limited . . . . . . . . . . . . . . . . . . . . 432
Siemens Aktiengesellschaft. . . . . . . . . . . . 378
Toshiba Corporation . . . . . . . . . . . . . . . . . 377
U.S. Philips Corporation. . . . . . . . . . . . . . . 359
Nissan Motor Company, Limited . . . . . . . . 355
Bayer Aktiengesellschaft . . . . . . . . . . . . . . 335

1993

IBM Corporation . . . . . . . . . . . . . . . . . . . . 1,085
Toshiba Corporation . . . . . . . . . . . . . . . . . 1,040
Canon Kabushiki Kaisha . . . . . . . . . . . . . . 1,038
Eastman Kodak Company. . . . . . . . . . . . . 1,007
General Electric Corporation . . . . . . . . . . . 932
Mitsubishi Denki Kabushiki Kaisha. . . . . . . 926
Hitachi, Limited . . . . . . . . . . . . . . . . . . . . 912
Motorola Incorporated. . . . . . . . . . . . . . . . 729
Matsushita Electric Industrial 
Company, Limited . . . . . . . . . . . . . . . . . 713

Fuji Photo Film Co., Limited . . . . . . . . . . . 632

SOURCE: Office of Information Products Development, TAF Program,
U.S. Patent and Trademark Office, special tabulations, 1995.
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25Part of the 1991 increase may be attributed to the ongoing efforts
by the Patent Office to reduce “pendency,” the time between receipt of
a patent application and completion of its processing.

26The Stevenson–Wydler Technology Innovation Act of 1980 made
the transfer of federally owned or originated technology to state and
local governments, and to the private sector, a national policy and the
duty of each Government laboratory. The act was amended by the
Federal Technology Transfer Act of 1986 to provide additional incen-
tives for the transfer and commercialization of federally developed
technologies. Later, Executive Order 12591 of April 1987 ordered exec-
utive departments and agencies to encourage and facilitate collabora-
tion among Federal laboratories, state and local governments,
universities, and the private sector—particularly small business—in
order to aid technology transfer to the marketplace.



1993, Taiwan was awarded nearly 6,000 U.S. patents. U.S.
patenting activity by inventors from South Korea shows
a similar growth pattern. Before 1980, South Korea was
awarded just 76 U.S. patents; since 1980, nearly 2,500
patents have been awarded. Noteworthy, though less
dramatic growth in U.S. patenting was demonstrated by
Finland, Hungary, and Israel. Since 1980, each more
than doubled the number of U.S. patents received prior
to 1980.

Patents by Patent Office Classes
A country’s distribution of patents by technical area

has proved to be a reliable indicator of a nation’s techno-
logical strengths, as well as an indicator of direction in
product development.27 This section compares and dis-
cusses the various key technical fields favored by inven-
tors in the world’s three leading economies.

Fields Favored by U.S., Japanese, 
and German Inventors 

While U.S. patent activity spans a very wide spectrum
of technology and new product areas, U.S. corporations’
patenting shows a particular emphasis on several of the
technology areas that are expected to play an important

role in future national economic growth (National
Critical Technologies Report Review Group, 1995). In
1993, corporate patent activity reflected U.S. technologi-
cal strengths in developing new medical and surgical
devices, aeronautics, telecommunications, electricity
transmission, advanced materials, and biotechnology.
U.S. patent activity also reflects this country’s natural
resource endowment and the economic importance
gained from more effective extraction and use of these
resources.28 (See text table 6-6 and appendix table 6-8.)

Japanese patenting in the United States is very evident
in technology areas and products related to several
commercially important industries. The 1993 patent data
continue to show Japanese inventors emphasizing
technology classes associated with the photography,
photocopying, motor vehicle, and consumer electronics
industries. (See text table 6-6 and appendix table 6-9.)
Increasingly evident is the wider range of U.S. patents
awarded to Japanese inventors in information technolo-
gy. From improved information storage technology for
computers to superconductor technology, Japanese
inventions are earning U.S. patents in areas that aid the
processing, storage, and transmission of information.

German inventors continue to develop new products
and processes in technology areas associated with the
heavy manufacturing industries in which Germany has
traditionally maintained a large presence. The 1993 U.S.
patent activity index shows German emphasis on the
printing, motor vehicle, new chemistry and materials,
and power-generation-related patent classes. (See text
table 6-6 and appendix table 6-10.) Until 1991, there was
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Text table 6-6.
Top 15 most emphasized U.S. patent classes for inventors from the United States, Japan, and Germany: 1993

Ranking 
of class United States Japan Germany

1. Wells Pulse or digital communications Fluid-pressure brake and analygous systems
2. Mineral oils: processes and products Organic compounds1 Plant protecting and regulating compositions
3. Surgery, patent class 604 Refrigeration Printing
4. Surgery, patent class 606 Synthetic resins or natural rubbers Internal combustion engines
5. Chemistry, hydrocarbons Pumps Organic compounds1

6. Special receptacle or package Organic compounds1 Synthetic resins or natural rubbers2

7. Surgery:  light, thermal, and electrical applications Organic compounds1 Organic compounds1

8. Chemistry-analytical and immunological testing Cryptography Conveyors:  power-driven
9. Fluid handling Electricity:  conductors and insulators Organic compounds1

10. Liquid purification or separation Communications:  electrical Winding and reeling
11. Error detection/correction and fault detection Measuring and testing Organic compounds1

12. Illumination Compositions Land vehicles
13. Chemistry:  natural resins or derivatives Abrading Plastic article
14. Receptacles Land vehicles Organic compounds1

15. Amusement devices:  games Power plants Synthetic resins or natural rubbers2

1Part of the class 532-570 series.
2Part of the class 520 series.

See appendix tables 6-8, 6-9, and 6-10. Science & Engineering Indicators – 1996

27Information in this section is based on the Patent and Trademark
Office’s classification system, which divides patents into approximately
370 active classes. With this system, patent activity for U.S. and foreign
inventors in recent years can be compared by developing an activity
index. This index measures a country’s patenting activity within a
given class. For any year, the activity index is the proportion of patents
in a particular class granted to inventors in a specific country divided
by the proportion of all patents granted to inventors in that country.
Because U.S. patenting data reflect a much larger share of patenting
by individuals without corporate or government affiliation than do data
on foreign patenting, only patents granted to corporations are used to
construct the U.S. patenting activity indexes.

28Research on the history of U.S. innovation (Abramovitz, 1986, and,
more recently, Mowery and Rosenberg, 1993) also finds natural
resource endowments to have a strong influence on a country’s pattern
of innovation.



a trend that indicated German inventors were receiving
more patents in many of the newer technology areas,
such as biotechnology and opto-electronics (National
Science Board, 1993); however, the trend did not contin-
ue in 1993.

Fields Favored by Two 
Newly Industrialized Economies

Patent activity in the United States by inventors from
NIEs is seen as an indicator of these economies’ techno-
logical development and as a leading indicator of product
markets likely to see increased competition. 

The trend for Taiwan illustrates the movement of
NIEs toward new technology development and improve-
ment of previously established technologies. (See text
table 6-7 and appendix table 6-11.) As recently as 1980,
patent activity by inventors from Taiwan in the United
States was predominantly in the area of toys and other
amusement devices. By the 1990s, Taiwan was active in
more highly technical classes, gaining U.S. patents in
such areas as communications technology, semiconduc-
tor manufacturing processes, and internal combustion
engines (National Science Board, 1991). The latest avail-
able data (1993) show that inventors from Taiwan over-
whelmingly concentrate their U.S. patenting activity in
technology areas related to electronics, telecommunica-
tions, semiconductors, advanced materials, computer
storage, computer display, and other information tech-
nologies. Ten years earlier, inventors from Taiwan
received no patents in any of these technology classes.

U.S. patenting by South Korean inventors has also pro-
gressed into more sophisticated technological areas.
While still heavily concentrated in electrical products
and electronic component technologies, the 1993 data
show Korean inventors also very active in telecommuni-
cations, superconductor technologies, optics, and

advanced materials. (See text table 6-7 and appendix
table 6-12.) South Korea’s patenting continues to empha-
size information storage devices and other computer
peripheral equipment. In fact, South Korea is already a
major supplier of computers and peripherals to the
United States (see earlier section on U.S. Imports of
Technology Products), and these patent activity data
show that the country’s inventors may be developing the
improvements that will support South Korea’s future
competitiveness in these technologies.29

Patent Activity in Six 
Commercially Important Industries

U.S. patents can be classified by industry sector, with
each patent fractionally distributed according to the
number of industry-related product fields to which it is
pertinent.30 Six commercially significant industries are
examined here: computer hardware, industrial machin-
ery, radio and television equipment, electronics, automo-
biles, and aircraft. Patent activity by U.S. inventors in
these six industries will be compared against that by
Asian and European inventors. (See figure 6-14 and
appendix table 6-13.)

During the period examined (1980–93), U.S. inventors
led all other foreign inventors in each of the six industry
areas up until 1987. In 1987, the United States lost its
front position to Japanese inventors in one area, con-
sumer-electronics-related (radio and TV) patents.
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Text table 6-7.
Top 15 most emphasized U.S. patent classes for inventors from Taiwan and South Korea: 1993

Ranking
of Class Taiwan South Korea

1. Electrical connectors Electric lamp and discharge devices
2. Coded data generation or conversion Pictorial communication; television
3. Semiconductor device manufacturing Dynamic magnetic information storage or retrieval
4. Selective visual display systems Refrigeration
5. Electricity:  circuit makers and breakers Semiconductor device manufacturing
6. Land vehicles Static information storage and retrieval
7. Specialized metallurgical processes Electric lamp and discharge devices:  systems
8. Electricity: systems and devices Electrical audio signal processing systems
9. Chemistry, hydrocarbon compounds Telephonic communications

10. Superconductor technology Electricity:  motive power systems
11. Sheet feeding or delivering Coded data generation or conversion
12. Specific receptacle or package Winding and reeling
13. Registers Dynamic information storage or retrieval
14. Static information storage and retrieval Active solid state devices
15. Telephonic communications Electrical transmission systems

See appendix tables 6-11 and 6-12. Science & Engineering Indicators – 1996

29South Korea was the fifth largest foreign supplier of computers and
peripherals to the United States in 1992 (International Trade
Administration, 1994).

30In this classification system, each patent is associated with the
Standard Industrial Classification (SIC) industry that would produce
that class’s product or apparatus or carry out its process steps. See
U.S. Patent and Trademark Office (1985), p. 26.



Japanese inventors’ lead in this area continued and
widened for the rest of the period.

Throughout this period, patenting was heaviest and
grew the fastest in two closely related industry areas—
computers and electronics. U.S. inventors led in both
these industry areas, but Asian inventors (predominantly
inventors from Japan) narrowed the gap quickly during
the 1980s. European inventors were awarded far fewer
patents than Asian inventors throughout the 1983–93
period. In the category of motor-vehicle-related patents,
the number of patents awarded to Asian (primarily
Japanese) inventors grew quickly during the early and
mid-1980s, surpassing the number awarded to European
inventors in 1984 and, from there, quickly closed in on
the U.S. lead. During the 1990s, U.S. motor-vehicle-relat-
ed patents showed a resurgence, and Asian motor-vehi-
cle-related patents showed a downturn in 1992 and 1993.

Recent U.S. patenting trends indicate that Asia, led by
Japanese inventors, is building the technological founda-
tion to challenge U.S. and European inventiveness in the
two other industry areas: industrial machinery and
aerospace. European inventors had maintained a strong
second position (behind the United States) in the indus-

trial machinery area for much of the period examined.
By the 1990s, Japanese inventors closed the gap that
existed between European and Asian patenting activity.
This same trend can be seen in the aircraft industry area,
but there, Japanese inventors overtook European patent
activity earlier, beginning in 1984.

Technological Importance 
of Patented Inventions

Three new indicators help to differentiate a patent’s tech-
nological importance, its impact, and its ties to science:

1. The Current Impact Index (CII) attempts to capture
the impact of a country’s patents on the technologi-
cal community and the degree to which its patents
contain important technological advances by calcu-
lating how frequently a country’s recent patents are
cited by all of the current year’s patents.31 This nor-
malized indicator has an expected value of 1.0.
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Figure 6-14.
Number of U.S. patents granted, by field and region of grantee
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See appendix table 6-13.

31On the front page of a newly issued patent, the patent examiner
lists any “prior art” that led to, or borders, the new technology. These
citations can be to the scientific literature, to other patents, or to other
technologies. When an earlier patent is included as a citation on a new



2. Technology cycle time (TCT) attempts to identify
those countries that are inventing (patenting) in
rapidly changing technology fields. This indicator
identifies fast-changing technologies by measuring
the median age of the patents cited as prior art.

3. Science linkage attempts to measure the degree to
which a country’s technology is linked to science by
calculating the number of references to the scientif-
ic literature indicated on the front pages of the
patent. This indicator attempts to measure a coun-
try’s activity in leading-edge technology and how
close its new technology is to the scientific frontier.

These three indicators are used below to compare
U.S., Japanese, and European patent activity in the com-
mercially important industries discussed previously:

Comparing Current Impact 
In five of the six commercially important industries,

Japan’s U.S. patents were cited more often (i.e., they had
higher CII scores) than U.S.-inventor patents, suggesting
that Japan’s patents tended to be more influential or have
more impact on the advancement of those technologies.
The computer hardware area was the only one of the six
where the U.S.-inventor patents had a higher CII. Japan’s
patents scored higher than Europe’s patents in all six
industry areas. Europe scored slightly higher than the
United States in two industry areas—aircraft and motor
vehicles. These two industry areas were also where
Japan recorded its strongest scores. (See figure 6-15 and
appendix table 6-14.)

While Japan’s high scores in the aerospace field may
be the result of crossovers from Japan’s automotive
patents, that can be only a partial explanation. There is
considerable interest in Japan and elsewhere in Asia to
improve aerospace manufacturing capability. Several
Asian economies besides Japan’s are also active in
aerospace technologies, notably those of Taiwan and
South Korea. All three of these Asian countries also have
pursued joint ventures with U.S. aerospace companies,
seeking technology transfer through licensing and joint
production agreements.

Comparing Technology Cycle Time
In nearly all of the six commercially important indus-

tries, Japan’s and Europe’s patents are improving upon
more recent technologies than are U.S. patents. This
trend suggests that Japanese and European inventors
are developing improvements to existing technologies
novel enough in their characteristics and performance to

warrant a patent. The only exception is in the computer
hardware technology area, where the TCT for U.S.
patents is lower than for Europe’s patents. The disparity
between the TCT for U.S. patents and Japanese and
European patents was greatest in the aircraft and auto-
motive technologies. (See figure 6-15.)

Comparing Science Linkage 
U.S. inventors showed stronger ties to science in all six

technology areas than did inventors from Japan or
Europe. The technology areas in which U.S. patents’ sci-
ence linkage was much higher than foreign-origin
patents were computers, electronics, and aerospace.
Japanese patents generally trailed European patents in
this indicator. (See figure 6-15.)

The indicators seem to both affirm and challenge con-
ventional wisdom in science and technology communities.
The science linkage indicator affirms the belief that U.S.
inventions tend to be more fundamental, with stronger
ties to science than other nations’ inventions, especially
when compared with the Japanese. Japan’s leading scores
on the CII and TCT index suggest that Japanese patents
may have a greater impact on the advancement of new
technologies and seem to take the important next steps in
improving upon the original technologies.

The differences between U.S. and Japanese patents
also challenge, from an economic standpoint, the U.S.
tendency to seek fundamental technological break-
throughs over the less fundamental performance-
enhancing technology improvements. Rapid, successive
improvements to any breakthrough technology can
quickly reduce its market life and its attendant long-run
commercial value (Alic, 1993). These indicators and the
market performance by Japanese producers suggest that
large economic gains accrue to those nations improving
technologies as well as to those nations introducing
breakthrough technologies. 

Industry’s Use of New Technologies
In 1985, a report by President Reagan’s Commission

on Industrial Competitiveness stressed the importance
of U.S. industry’s investment in the latest technologies
and its rapid incorporation into U.S. manufacturing oper-
ations (President’s Commission on Industrial Com-
petitiveness, 1985). Now, 10 years later, the Clinton
Administration shares many of these same concerns.32

Data collected by the U.S. Department of Commerce
provide a measurement and a progress report on
industry’s use or planned use of advanced technologies
in f ive major U.S. industrial  sectors.  The U.S.
Department of Commerce surveyed more than 10,000
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patent, it indicates that the earlier patented invention was important to
the creation of the newly patented invention. When a previously patent-
ed invention receives many citations, that patent has probably led to
many subsequent inventions and, more than likely, contained an
important or seminal advance in its field. Albert, Avery, and McAllister
(1991), Narin and Olivastro (1988), Carpenter and Narin (1983), and
Carpenter, Narin, and Woolf (1981) test and validate the use of patent
citation data as S&T indicators. 

32On January 6, 1995,  John H. Gibbons, Director, Office of Science
and Technology Policy, spoke before the House Committee on Science
about the Administration’s “…major commitment to work with the pri-
vate sector on the development and deployment of advanced civilian
industrial technologies, both here and abroad.” Also see Clinton, Gore
(1994; 1993). 



manufacturing establishments in 1988 and more than
8,000 in 1993 concerning their current and planned use
of advanced technology. The establishments were clas-
sified into five major Standard Industrial Classes
(SIC)—fabricated metal products (SIC 34), industrial
machinery and equipment (SIC 35), electronic and
other electrical equipment (SIC 36), transportation

equipment (SIC 37), and instruments and related prod-
ucts (SIC 38).33 Manufacturing establishments within
these five categories accounted for nearly half of all
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NOTES: Asian region includes Japan, Hong Kong, Singapore, Taiwan, China, India, Indonesia and Malaysia. E.E.C. includes Belgium, Denmark, France,
Greece, Ireland, Italy, Luxembourg, The Netherlands, Portugal, Spain, the United Kingdom, and West Germany.

See appendix table 6-14.

Figure 6-15.
Technological performance indicators for U.S. patents, by industry

33The survey was performed by the Manufacturing and Construction
Division of the Bureau of the Census. Surveyed establishments had 20
or more employees and were selected to represent a total universe of
42,991 manufacturing establishments classified in SIC Major Groups 34
through 38.



employees and value added reported in the Unit-
ed States.34

The surveyed companies were asked for information
on their current or planned use of 17 technologies in the
following areas:

l Design and engineering (3 technologies),

l Fabrication/machining and assembly (5),

l Automated material handling (2),

l Automated sensor-based inspection and/or testing
(2), and

l Communication and control (5).

The 1988 survey found that nearly 68 percent of the
establishments used at least 1 of the 17 advanced tech-
nologies in their manufacturing operations; 23 percent
reported use of 5 or more technologies. (See figure 6-16
and appendix table 6-15.) The 1993 survey showed an
increase in industry use of advanced technologies. This
survey found that 75 percent of the establishments used
at least one technology, and 29 percent reported use of
five or more technologies.35
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U.S. manufacturers’ use and planned use of advanced technologies
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See appendix table 6-15.

34Coverage estimates were derived from the 1987 Census of
Manufactures.

35Information on the extent of use was not gathered by the survey.
Thus, establishments using 1 robot are not differentiated from those
using 100.



Establishment Characteristics 
Associated with Technology Use

Several characteristics seem to be associated with
industry’s use of advanced technology. Not surprisingly,
size turned out to be a major factor. For instance, most
large plants (about 80 percent in both surveys) reported
widespread use of advanced technologies—that is, use of
five or more—compared with just 18 percent of the small
establishments in the 1993 survey and just 13 percent in
1988.36 Market value of an establishment’s output also
appeared to influence technology use. Establishments
producing goods with market unit prices of $10,000 or
more had the highest probability of using advanced tech-
nologies (90 percent used at least one in the 1993 sur-
vey, up from 82 percent in 1988), while establishments
whose output had a market unit price under $5 had the
lowest probability (76 percent in 1993, again up from 68
percent in 1988). Between these two extremes (i.e.,
establishments producing goods with unit prices less
than $10,000 and more than $5), about 80 percent of the
establishments reported use of at least one technology in
1993 compared with about 75 percent in 1988.

Three questions added to the 1993 survey provide fur-
ther insight into the characteristics associated with tech-
nology use. Establishments that export for direct sale
report much higher technology use than those establish-
ments that do not export. Of establishments where
exports represented 20 to 49 percent of total shipments,
94 percent used at least one advanced technology, com-
pared with 72 percent of those establishments that did
not export. The positive association between establish-
ments that use technology and those that sell abroad is
even stronger when widespread technology use (five or
more advanced technologies) among surveyed establish-
ments is compared. Of those establishments reporting
exports of 20 to 49 percent, 44 percent used five or more
advanced technologies—twice the percentage (22 per-
cent) of establishments reporting no exports. These
results link an establishment’s ability to compete in for-
eign markets with the use of advanced technology in its
production operations.

Another question added to the 1993 survey allows for
the comparison of technology use among establishments
with and without foreign owners.37 In general, use of
advanced technologies was about 10 to 22 percent higher
among those establishments with foreign ownership. As
the number of advanced technologies increased, so did
the incidence of establishments having foreign ownership.

The last of the three questions added to the 1993 sur-
vey confirms what is expected—establishments that per-
form R&D used more advanced technologies than

non-R&D performers. The very nature of the R&D activi-
ty would predict high technology use. 

Prevalence of Individual Technologies
When results from the 1988 and 1993 surveys are

compared, the same two technologies top the list for
most commonly used technologies by U.S. manufactur-
ers, although their positions switch in the intervening
years. (See figure 6-16.) In the 1993 survey, computer-
aided design (CAD) and/or computer-aided engineering
(CAE) technology were the most commonly used of the
17 advanced technologies; 59 percent of the surveyed
establishments used these technologies. The next most
used technology was the numerically controlled
machine, used by 47 percent of surveyed establish-
ments. In 1988, this ranking was reversed.

According to the 1993 survey, wider use of CAD/CAE
technology is expected over the next 5 years. The prima-
ry reason reported by establishments for adopting
CAD/CAE systems is to improve quality and increase out-
put. Other computer-based technologies are also favored
by U.S. manufacturers planning to add technologies to
their production operations over the next 5 years.

Results from both surveys rank the two material han-
dling technologies as the least used by U.S. manufactur-
ers of the 17 advanced technologies, with only slight
increases in use planned over the next 5 years.
Automatic guided vehicle systems (AGVS) was the least
used technology, used by just 1.1 percent of surveyed
establishments. Automatic storage and retrieval systems
(ASRS), the other material handling technology, was
used by 2.6 percent of surveyed establishments in 1993.
Use of AGVS and ASRS technologies both fell from 1988
to 1993. Neither technology is high on manufacturers’
lists for adoption over the next 5 years. 

Small Business and High Technology
Many of the new technologies and industries seen as

critical to the Nation’s future economical growth are
closely identified with small business. For example,
biotechnology and computer software are industries
built around new technologies that were largely com-
mercialized by small business.38 Small business retains
certain advantages over large businesses in commercial
environments characterized by fast-moving technologies
and rapidly changing consumer needs. A keen receptivi-
ty to new product ideas found outside their own opera-
tions characterizes this efficiency (Hanson, 1991). Small
businesses supplement internal product development
with new product ideas drawn from dealings with cus-
tomers, suppliers, government labs, universities, and
others to ensure useful innovations. These attributes
make small business a key sector to watch as the Nation
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36The U.S. survey defined large plants as establishments with 500 or
more employees and small plants as establishments with fewer than
100 employees.

37Foreign ownership was defined as direct or indirect ownership of
10 percent or more of the voting stock or other equity rights to 
the plant.

38The role of small business as a commercializer of new technolo-
gies is somewhat unique to the United States (Mowery and
Rosenberg, 1993).



seeks to stimulate the development, adoption, and diffu-
sion of new technologies.

This section presents information on new company
formation in the United States and foreign ownership of
new high-tech companies.39 The discussion focuses on
companies active in the following eight technology
fields:

l automation,

l biotechnology,

l computer hardware,

l advanced materials,

l photonics and optics,

l software,

l electronic components, and

l telecommunications.

These fields encompass many of the technologies con-
sidered vital to the country’s future economic prosperity
and national security (National Critical Technologies
Review Group, 1995).

Trends in New U.S. High-Tech 
Business Startups

The rapid formation of new high-tech companies
observed during the second half of the 1970s and the
early 1980s was followed by a decline in such formations
in the late 1980s. (See appendix table 6-16.) That declin-
ing trend continued into the early 1990s when the num-
ber of annual company formations averaged only about
one-third of  the number seen in the second half of the
1980s. Still, nearly half of all U.S. high-tech companies
operating in 1994 were formed in just the past 15 years.
That proportion is even higher (near 70 percent) for
computer-related companies and for companies whose
main business involves biotechnology.

Technologically, the 1980s mark the decade of the
computer and its rapid integration into daily life in the
United States. The 1990s may well mark the decade
when the computer more completely revolutionizes the

ways in which we learn, play, and work. The trends in
new company formations since 1980 reflect this revolu-
tion.40 According to the CorpTech data base, about half
of the new high-tech businesses formed since 1980 were
computer-related companies. Among these, software
companies accounted for the largest number.

The number of new software companies stands out not
just in the computer-related category but also when com-
pared with all other technology fields. Software develop-
ment and/or servicing is the primary business for 26
percent of the 17,000 new high-tech companies formed
since 1980 and in existence in 1994. However, the large
number of new software companies started in the early
1980s (1980–84) was not duplicated in the second half of
the decade; the number of new software startups dropped
by 21 percent. Thus far in the 1990s, software technology
continues to create the greatest number of small busi-
ness startups among the eight technology fields exam-
ined, but not at the pace set during the previous decade.
(See figure 6-17 and appendix table 6-16.)

Besides software, several additional technology fields
exhibited relative share growth in the first half of the
1990s: biotechnology, computer hardware, advanced
materials, photonics and optics, and telecommunica-
tions. Three of these (biotechnology, computer hard-
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39Information in this section is derived from the CorpTech data base,
owned by Corporate Technology Information Services, Inc. (1995).
The CorpTech data base permits an inspection of small business enti-
ties by technology field. This data base includes many of the new start-
ups and private companies often missed by other data bases and is one
of the most current sources of information on small newly formed com-
panies active in high-tech fields. The data base attempts to be all-inclu-
sive: by CorpTech’s own estimate, it includes 99 percent of large
companies (over 1,000 employees), 75 percent of medium-sized com-
panies with 250 to 1,000 employees, and 65 percent of companies with
fewer than 250 employees. When prospective companies are identified
for inclusion in the data base, they are sent questionnaires covering
their size; status (private or public, independent, subsidiary, or joint
venture); year formed; and product groups in which they are active.
The version of the data base used here (Rev. 8.2 1993) includes about
35,000 independently managed companies.

40The trade and patenting data discussed earlier support this view.
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See appendix table 6-16.

Figure 6-17.
High-tech business formation, by technology



ware, and advanced materials) produced steady relative
share growth during the 1980s and into the mid-1990s.

Foreign Ownership of 
U.S. High-Tech Companies

The acquisition of existing high-tech companies can
provide fast transfers of technology to the acquiring firm
while facilitating easier market access for its own tech-
nologies. About 10 percent of the 38,000 new high-tech
establishments listed in the CorpTech data base had for-
eign ownership in 1994. (See appendix table 6-17.) The
United Kingdom has the largest U.S. presence, followed
by Japan and Germany. Although these three countries
own companies active in each of the eight technology
fields examined, they each tend to be drawn to certain
fields. The United Kingdom and Germany tend to own
companies in the United States that are involved in the
development of advanced materials and automation tech-
nologies, and Japan tends to own telecommunications
and computer hardware companies.

For foreign companies based in developing nations,
acquisitions of U.S. high-tech companies signal a coming
of age in economic and technological terms. These
acquisitions may also suggest a national technology
focus (Souder, 1995). The newly industrialized Asian
economies provide a clear example of this. Compared
with the other major industrialized countries, the four
NIEs (Hong Kong, Singapore, South Korea, and Taiwan)
own relatively few U.S. high-tech companies. Still, their
focus is well defined. U.S. computer hardware companies
are the most sought after U.S. companies. The U.S. acqui-
sitions of all four NIEs are heavily concentrated in this
technology area. Beyond computer hardware, the NIEs’

U.S. acquisitions take different directions: Taiwan’s next
largest technology area of concentration is in U.S.
telecommunications companies, South Korea leans
toward automation, Hong Kong concentrates on elec-
tronic components, and Singapore is split between soft-
ware and telecommunications. Each country’s
acquisitions of U.S. high-tech companies appear to com-
plement a technology focus identified in the earlier sec-
tions on trade and patenting indicators.

Characteristics of Innovative U.S. Firms
Today’s global marketplace belongs to those business

entities that are innovative and that can appropriate the
profits from their innovations. Innovation has added
meaning for firms located in high-wage countries like
the United States, where innovative production methods
and new products can help U.S. firms to compete against
lower wage countries at home and abroad. Recognizing
this crucial link between innovation and a firm’s ability to
compete internationally, U.S. policymakers seek to create
an environment that nurtures industrial innovation. 

The need for better information about the innovative
activities of U.S. firms, the innovative process, and the
factors that affect it, all led the National Science
Foundation (NSF) to embark upon a new survey that
would systematically examine innovation activities in
U.S. industry. Toward this effort, a pilot study of 1,000
firms was conducted in 1994 to test the survey instru-
ment and data collection procedures. (See Description of
U.S. Pilot Innovation Study.) The pilot was also designed
to produce national-level estimates of innovative activi-
ties of U.S. firms. These data are limited in their scope
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In 1993, NSF, in cooperation with the U.S. Bureau of
the Census, entered into an agreement to begin prepa-
rations for a full national study of industrial innovation.
As part of this preparation, a pilot study of approxi-
mately 1,000 firms was conducted in 1994. The uni-
verse consisted of all U.S. companies with 20 or more
employees classified in SIC Major Groups 30 through
39 (manufacturing SICs) and in SIC 737 (Computer
Programming, Data Processing, and Other Computer-
Related Services). A SIC was assigned to each compa-
ny based upon the plurality of an employment measure
(payroll or number of employees) across all establish-
ments of the company. The SIC was recoded to the
International Standard Industrial Classification (ISIC)
to provide comparability with similar data collection
efforts in other countries.

The sampling frame representing this universe was
extracted from the U.S. Census Bureau’s Standard
Statistical Establishment List (SSEL). The SSEL is a

standardized computer data base that includes infor-
mation on name, mailing address, physical location,
industrial classification, size classification, company
affiliation, and legal form of organization for all employ-
er business firms and their establishments in the
United States. The 1,000 companies included in the
pilot study were segmented by employment size into
four categories: 1,000 or more employees, 500–999
employees, 100–499 employees, and 20–99 employees.

The adjusted survey response rate for the U.S. pilot
was about 57 percent. Item nonresponse was minimal,
although several survey questions proved difficult for
firms to answer. The addition of the one-service indus-
try included in the pilot, computer software companies,
tested the utility of the survey instrument for collecting
comparable data from the service sector. Unfor-
tunately, survey response was quite low from these
firms. Those that did respond did not report any recur-
ring difficulty with the survey instrument.

Description of U.S. Pilot Innovation Study



and depth but nevertheless provide some interesting
insights into the process and characteristics of industrial
innovation.

Several characteristics of U.S. innovating companies
are evident from the pilot study. For example, one-third
of respondents answered positively to either having
introduced a new product or process during the 1990–92
period or planning to introduce a new product during
1993–95. This one-third figure is an estimated national
average for the United States (coverage spanned manu-
facturing industries and the U.S. software industry). 

Certain industries reported above-average levels of
innovation: computer hardware  (84 percent of companies
were innovators); precision equipment (74 percent); phar-
maceuticals (69 percent); and chemicals (68 percent). 

Process innovation appears as prevalent as product
innovation, with nearly equal numbers of companies
introducing new innovative processes and new innova-
tive products during the 1990–92 period. Almost all (97
percent) of these companies now identified as innovators
plan to introduce new product or process innovations
during 1993–95.

Innovating firms were more likely to export than were
noninnovating firms: 50 percent of companies that
reported introducing a new innovation during 1990–92
also reported export sales in 1992, compared with only
38 percent of noninnovating firms.

The Pilot Study answered several other questions, 
as well:

l Where do U.S. innovators get information that
leads to the development and introduction of
new products? The three most important sources
identified (answers indicating sources as either
“very significant” or “crucial”) were internal sources,
clients and customers, and suppliers of materials and
components. The least important sources (answers
indicating sources as either “slightly significant” or
“insignificant”) were government labs, technical insti-
tutes, and consulting firms. 

l What are the key factors involved in the decision to
innovate? The three most important factors (answers of
“very significant” or “crucial”) were a desire to improve
product quality, increase or maintain market share, and
extend product range within main product field.

l What channels did U.S. innovators most often use
to gain access to new technology? The three chan-
nels mentioned most often were hiring skilled employ-
ees, purchasing equipment, and using consultants. It is
interesting to note that two of these three involve people. 

l What channels did U.S. innovators most often
use to transfer new technologies out of the
enterprise? The three channels for transferring
technology most often mentioned by innovators were
communication with other companies, mobility of
skilled employees, and R&D performed for others.

l What methods did U.S. innovators employ to
appropriate the benefits of their new innova-
tions? The three methods or practices most often
mentioned by innovators were having a lead time
advantage over competitors, maintaining trade
secrets, and obtaining patents.

l How important is R&D to the innovation pro-
cess? According to respondents, 84 percent of all
innovators performed R&D in 1992 and 91 percent of
innovators plan to undertake R&D during 1993–95.
Innovators reported R&D activity in a wide spectrum
of technology areas.41 The top three were software,
materials synthesis and processing, and flexible inte-
grated manufacturing.

Summary
This chapter brings together a collection of indicators

that contrast and compare national technological compe-
tency across a broad range of important technological
areas. Based on the various indicators of technology
development and diffusion examined, the United States
continues to lead or be among the leaders in all technol-
ogy areas. Information technologies (computers and
telecommunication products) dominate technical
exchanges between the United States and its trading
partners and reflect the desire in all countries to expand
and upgrade their information technology infrastructure. 

Asia’s, not just Japan’s, status as both a consumer and
supplier of advanced technology products to the United
States is shown to be more prominent and more diverse
than commonly thought. The four Asian tigers have
become active traders in advanced technologies. Asia’s
influence in the marketplace seems likely to expand in
the future as Japan and the NIEs are joined by several
other technologically emerging Asian nations. The chap-
ter also documents the extension of U.S. technological
activities beyond its traditional trading partners to Latin
America, Eastern Europe, and Africa. The indicators pro-
vide new evidence of the broadening technological capa-
bility in each of these regions. If these nations continue
to progress technologically, U.S. high-tech industries can
expect the competition for global market shares to esca-
late. This competition will also reach into the pool of S&E
talent available for U.S. business. As opportunities to
work at the technological cutting edge expand in newly
industrialized and industrializing countries, they will
likely affect the ability of the United States to attract and
retain top S&E talent heretofore readily available to U.S.
businesses, universities, and the governments. 

6-30 l Chapter 6.  Technology Development and Diffusion

41The 1993 National Critical Technologies Report (National Critical
Technologies Panel, 1993) identified nine technologies important to
the long-term security or economic prosperity of the United States.
The report noted that more information was needed about current lev-
els of R&D activity in these areas. The pilot study included this ques-
tion in response to the request. This report was prepared by the Office
of Science and Technology Policy and the National Critical Tech-
nologies Review Group for the President. 



But as the community of technologically advanced
nations broadens, so do the opportunities for U.S. high-
tech industries and the entire U.S. S&T enterprise in the
form of larger markets for goods and services and new
collaborators in scientific and technological research.
The chapter’s discussion of trade in advanced technolo-
gy products clearly illustrates the expanding market
opportunities for U.S. technology products. With the
implementation of new multilateral trade agreements
negotiated under the auspices of the General Agreement
on Tariffs and Trade, these markets should open even
wider. Also, new research opportunities are being creat-
ed in the many new, well-funded research institutes and
technology-oriented universities that are springing up

throughout Asia and around the world. These research
entities will help to broaden international technological
and scientific expertise and will almost certainly gener-
ate new opportunities for collaborations between U.S.
and foreign researchers. Evidence of this can be seen in
the increase in new bilateral S&T agreements that facili-
tate cooperation involving U.S. and foreign researchers
from all the nations profiled in this chapter.42, 43
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