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Chapter 2

The Environment for R&D in Information
Technology in the United States

Introduction

“Information technology” is a generic term
for a cluster of technologies (discussed in detail
in ch. 9) that provide automated capabilities
for

● data collection;
● data input;
● information storage and retrieval;
● information processing;
• communication; and
● information presentation.

The information technology industry has be-
come an integral component of U.S. industrial
strength. In common with other high-tech-
nologyl industries, the robustness of informa-
tion technology depends in part on a base of
research and development (R&D). However,
several interacting factors are straining long-
established U.S. policies vis-a-vis research and
development:

●

●

●

●

rising costs and complexity of R&D;
intensive competition for both domestic
and foreign markets;
limited resources; and
accelerating technological advances.

This report describes those factors and ex-
amines their effects on the information tech-
nology industry and its R&D base, raising
questions both about current policies and
about proposals for improving the competitive
position of the United States in international
information technology markets.

‘The term high technology is used throughout this chapter
to refer to those industries characterized by a high proportion
of R&D expenditures per employee, or a significantly larger pro-
portion of skilled workers than the industry average, and a
rapidly evolving underlying technological base. Thus computers
and electronics are within the scope of this meaning; auto and
steel manufacturing are not, in spite of the recent trend to mod-
ernize and automate.

The world’s major countries are coming to
view the development of high technology—
and particularly information technology-as
a key to economic gains, important social ob-
jectives, and national defense and prestige.
These countries have adopted national indus-
trial policies in information technology, in-
vesting hundreds of millions of dollars in the
hope of achieving preeminence, both in R&D
and in commercial markets. This growth of
foreign competition2-especially from Japan–
has stimulated a concomitant growth of R&D
in the United States.

The trend toward internationalizing R&D,
manufacturing, and distribution is increasing.
American companies are deciding that tech-
nological strength can also be improved by
licensing technology from other domestic and
foreign businesses, by acquiring equity posi-
tions in firms with needed technology, and by
establishing R&D and manufacturing opera-
tions in foreign countries in order to obtain
access to rapidly changing commercial ap-
plications.

Figure 1 shows some important components
of the R&D process and diagrams their inter-
relationships. The remainder of this report will
focus on those components.

●

●

This chapter describes some of the key
players in the process and discusses some
measures of health of the information
technology industry.
Chapter 3 Presents four case studies, each
dealing with an important element in the
cluster of technologies that comprise in-
formation technology.

‘See also ht.ermtiond  Competitiveness in EZectrom”cs (Wash-
ington, DC: U.S. Congress, Office of Technology Assessment,
OTA-ISC-200,  November 1983).

25
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SOURCE: Office of Technology Assessment.

●

●

●

●

Chapter 4 discusses the recent divestiture
of AT&T in the context of its potential
effect on the R&D activities of Bell Lab-
oratories.
Chapter 5 considers the availability of ●

trained personnel to the R&D process.
Chapter 6 examines new university-indus-
try institutional relationships and their
changing roles in the R&D environment.
Chapters 7 and 8 focus on some of the ex-

ogenous elements: the science and tech-
nology policies of foreign governments in
chapter 7; the science and technology pol-
icies of the United States in chapter 8.
Chapter 9 describes the technological
underpinnings  of information technology,
the directions of key research areas, and
the characteristics of the information
technology industry.
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Concepts for R&D

R&D includes a wide variety of activities–
ranging from investigations in pure science to
product development. Because segments of
information technology draw on so many
science, engineering and other disciplines—
computer science, manufacturing, electrical,
mechanical and industrial engineering, physics,
chemistry, mathematics, psychology, linguis-
tics—it is difficult to assign particular efforts
to the general category of information tech-
nology.

As defined by the National Science Foun-
dation (NSF), R&D is categorized as follows:3

●

●

●

●

Research is systematic study directed
toward fuller scientific knowledge or un-
derstanding of the subject studied.
In basic research the objective is to gain
fuller knowledge or understanding of the
fundamental aspects of phenomena and
of observable facts without specific ap-
plications toward processes or products
in mind.
In applied research the objective is to gain
knowledge or understanding necessary
for determiningg the means by which a rec-
ognized and specific need may be met.
Development is the systematic use of the
knowledge or understanding gained from
research directed toward the production
of useful materials, devices, systems, or
methods, including design and develop-
ment of prototypes and processes.

The definitions of “applied” and “basic” re-
search are especially troublesome in a field as
dynamic as information technology, in which
laboratory concepts evolve into marketable
products very rapidly. In the area of artificial
intelligence, for example, the work is often
basic in the sense that it seeks new ways of
understanding complex symbolic processes,
and applied in the sense that much of the work
is directed at prototype applications. This

‘National Science Foundation, FederaJ Funds for Research
and Development Fiscal Yws 1981, 1982, and 1983, Volume
XXXI Detailed Statistical Tables, NSF 82-326 (Washington,
DC, U.S. Government Printing Office, 1982), p. 1.

fuzziness has led to differing judgments as to
which projects are applied and which are basic,
and to confusion in data collection, because the
terms are not applied uniformly by Federal
agencies, industry, or academia.

Apart from the difficulty in drawing a clean
line between basic and applied research, there
is an additional problem in identifying the set
of industries that collectively comprise the in-
formation industry. For purposes of this re-
port, we use the term to include electronics,
computer, and telecommunications equipment
manufacturers, providers of computer-based
services, and commercial software developers.

There are, then, two major areas of ambi-
guity in any discussion of information tech-
nology R&D: ambiguities inherent in designat-
ing an effort as “information technology” and
ambiguities arising from the overlap of basic
and applied research. Because of this, quan-
tification of R&D efforts in information tech-
nology is necessarily approximate and the
numbers cited in this report should be re-
garded as estimates, not as “hard” data.

One further term, “innovation,” should also
be clarified. As used in this report, innovation
is a process that includes research and devel-
opment, manufacturing or production, and dis-
tribution. 4 The Nation’s innovative capacity
depends on the effective functioning of all
parts of the process. Success in the market-
place requires proficiency in some—not well
understood—combination of those parts. There
are other factors that influence marketplace
success, such as the timing of the introduction
of commercial products, the influence of entre
preneurs, and a variety of government policies.
Thus, while excellence in research and devel-
opment provides no assurance of leadership
in the commercial marketplace, it may very
well be a necessary (if not sufficient) ingredient
of success.

‘International Competition in Advanced Technology: Deci-
sions for Amen”ca, Office of International Affairs, National Rt+
search Council, 1983, pp. 21-22.
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The Roles of the Participants and the R&D Environment

Industry, universities, and Government
(State, local, and Federal) are the three key
contributors to R&Din the United States. The
effectiveness of the Nation’s R&D is depen-
dent on the vitality of each of the participants
and on their interrelationships. Federal sup-
port of R&D and Federal policies that main-
tain a healthy economy encourage industrial
investment in R&D.5 A vigorous industry, in
turn, provides a large Federal and State tax
base, making possible added support for aca-
demic institutions. For their part, well-
financed academic institutions generate well-
trained personnel as well as the dynamic knowl-
edge base necessary to fruitful R&D efforts.

In addition to describing the roles of each
of the participants and the environment for
R&D, this section identifies some of the di-
verse changes taking place in the R&D en-
vironment-those already in place, and others
in transition-that may profoundly modify
some longstanding institutional patterns.

Federal Government Role in R&D

The Federal Government plays several key
roles in information technology R&D. As a
major user of information technology products
(about 6 percent of the total automated data
processing market and most of the market for
supercomputers), its requirements are of con-
siderable interest to the industry. As a spon-

‘David M. Levy and Nestor  E. Terleckyj, Effects of Govern-
ment R&D on Pn”vate  Investment and %xiucti”w”ty:  A Macro
sconomi”c Analym”s,  National Planning Association, revised Jan.
5, 1983, pp. 17-19.

sor of research, the Federal Government funds
roughly half of the total R&D carried out in
the United States6 and about two-fifths of the
research by the electrical machinery/commu-
nications industry (a key component of the in-
formation technology complex). In addition,
the Federal Government itself performs about
$11 billion of R&D7 (table 1) in its own and con-
tract laboratories.

Beyond that, the Government helps to shape
the environment in which private firms make
their R&D decisions. In some cases, this is a
result of deliberate Government policy in-
tended to stimulate (or suppress) industry in-
vestment. At other times, the environment is
affected by uncoordinated actions—intended
to serve other purposes-taken by a variety
of Federal entities including the Federal Re-
serve Board, the courts, regulatory bodies and
a plethora of executive branch agencies includ-
ing the Departments of Justice, Commerce, 
State, and Defense, the National Security
Council, and the Environmental Protection
Agency.

Government Funding of R&D in
Information Technology

The Federal Government provided about 65
percent of the funding in 1982 for R&D in
science and engineering fields in the Nation’s

———— ..—
‘Federal Support for R&D and Innovation, Congressional

Budget Office, April 1984, p. iii.
‘Pmbalde  Levels of R&D Exped”tums  in 1984: Fomcas t and

Analysis, Columbus Division of Battelle  Memorial Institute,
December 1983, p. 1.

Table 1 .–Federal Obligations for Total Research and Development: Fiscal Year 1984 (Estimated)
(millions of dollars)

Extramurala

United States and Territories

FFRDCS
C FFRDCS

C FFRDCS
C

administered administered Other administered Us.
Industrial by industrial Universities by universities nonprofit by nonprofit State and local supported

Total Intramuralb firms firms and colleges and colleges institutions restitutions governments Foreignd

Total all agencies $45,497.0 $10,969.9 $22,957.4 $1,614.4 $5,270.7 $2,291.9 $1,335.5 $6832 $189.1 $1848

NOTES: aAll organizations outside the Federal Government that perform with Federal funds,
bAgencies of the Federal Government.
cFederally funded R&D centers.
dForeign Citizens, organizations, governments, or international organizations, such as NATO, UNESCO, WHO, performing work abroad financed by the Federal

Government.
SOURCE: “Federal Funds for Research and Development, Fiscal Years 1982, 1983, 1984, ” vol. XXXII, Detailed Statistical Tables NSF 83-319, p. 30
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universities and colleges.8 Data collected by
the National Science Foundation (see tables
2 and 3) indicate that Federal obligations for
basic research in fields related to information
technology included $103.7 million for com-
puter science and $115.4 million for electrical
engineering in fiscal year 1984. For applied re-
search, funding levels are $145.8 million for
computer science and $568.3 million for elec-
— .  . —

8Nationa.1  Science Foundation, Early Release of Summary  Sta-
tistics on Academic Science/Engineering Resources, Division
of Science Resources Studies, December 1983. Also see Fed-
eral R&D Funding The 197585 Decade, National Science Foun-
dation, March 1984, p. 11.

Table 2.—Federal Obligations for Basic Research in
Information Technology-Related Fields

(millions of dollars)

Computer Electrical
Year science engineering Total

1974 . . . . . .
1975 . . . . . .
1976 . . . . . .
1977 . . . . . .
1978 . . . . . .
1979 . . . . . .
1980 . . . . . .
1981 . . . . . .
1982 . . . . . .
1983a , . . . . .
1984a . . . . . .

NA

$26.59
31.02
40.28
42.96
46.22
52.21
67.45
80.25

$103.66

$38.45
47.76
53.08
55.14
57.41
62.03
70,59
78.51
93.63
91,89

$115.38

NA

$79.67
86.16
97.70

104.98
116.80
130.71
161.07
172.14

$219.04
aNatiOna} science Foundation estimates
NA—Not  available.

SOURCE National Science Foundation, “Federal Funds for Research and De-
velopment, Detailed Historical Tables” Fiscal Years 1955-S4, ” p 275

Table 3.—Federal Obligations for Applied Research
in Information Technology-Related Fields

(millions of dollars)

Computer Electrical
Year science engineering Total

1974 . . . . . . NA $230.79 NA
1975 . . . . . . 239.20
1976 . . . . . . $46.99 244.61 $291.60
1977 . . . . . . 58.34 327.59 385.93
1978 . . . . . . 66.97 375.22 442.19
1979 . . . . . . 63.31 355.84 418.15
1980 . . . . . . 82.38 446.56 528.93
1981 . . . . . . 69.32 478.17 547.48
1982 . . . . . . 103.49 518.56 622.05
1983 . . . . . . 121.18 525.75 646.92
1984a , . . . . . $145.85 $568.33 $714.18
aNatlonal science  Foundation estlfnates.

NA—Not  available

SOURCE  National Science  Foundation, “Federal Funds for Research and De.
velopment,  Detailed Historical Tables: Fiscal Years 1955-84, ” p 327

trical engineering. These categories alone
amount to $933 million in basic and applied
R&D funding. In addition, there are other
R&D areas related to information technology
—e.g., mathematics, physics, and materials
sciences.

The Department of Defense (DOD), which
has the largest of the Federal agency R&D
budgets, is becoming increasingly dependent
on electronics and computer science. By 1985,
those fields will absorb nearly 25 percent of
the total DOD R&D spending.’ Within DOD,
the Defense Advanced Research Projects
Agency (DARPA) has heavily funded efforts
in artificial intelligence, microelectronics, net-
working and advanced computer architecture.

No other agency compares with DOD, which
accounts for about 60 percent of the Federal
R&D budget.l0 NSF, for example, accounts for
about 3 percent of the Federal total, with a
fiscal year 1983 appropriations of just over $1
billion” and $1.32 billion and $1.5 billion in
fiscal years 1984 and 1985 respectively.12 NSF
funding, which is heavily weighted toward the
“basic” end of the R&D scale, supports re-
search through grants, scholarships, univer-
sity laboratory modernization, the establish-
ment of university-based “centers of excellence, ”
and similar programs. Many of the informa-
tion technology-related disciplines are funded
through NSF programs: communications, elec-
trical engineering, optoelectronics, mathe-
matics, physics, materials research, information
sciences, and so on. These information tech-
nology-related fields accounted for over $90
million in fiscal year 1984.

Since 1972, NSF has been the primary Gov-
ernment force in creating university-indus-
try cooperative research centers, providing
some of their startup funds, planning grants,
and advice during their first years of opera-
..__ ——.—.— -

Wited in a speech by Dr. Leo Young, Office of the Under Sec-
retary of Defense for Research and Engineering, DOD, at the
IEEE 1984 Conference on U.S. Technology Policy, Feb. 22,
1984, Washington, DC.

Ioprobab]e  Leve]s  of R&D Experd”tures  in 1984, op. cit.
“Federal Funds for Research and Development, Fiscal Years,

1981, 1982, and 1983, op. cit., p. 25.
lZFi9c~ yea 1985 Nat,ion~ Science Foundation Budget Wti-

mate to Congress.
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tion. The centers are expected to become self-
supporting. 13 By the end of fiscal year 1984,
NSF was involved with 20 of these centers and
expects to make awards to at least 10 new
centers in 1985.

A number of the centers are involved with
information technology-related research. For
example:

●

●

●

●

●

Rensselaer Polytechnic Institute’s Center
for Interactive Computer Graphics is do-
ing applied research in computer-aided de-
sign (CAD).
North Carolina State University’s Com-
munications and Signal Processing Lab-
oratory is primarily engaged in basic re-
search.
Both basic and applied research is being
performed at the University of Rhode
Island’s Robotics Center.
Ohio State University is doing basic and
applied research in robotic welding.
Georgia Institute of Technology’s Center
for Material Handling is engaged in ap-
plied research.

The National Science Board has recommended
broadened NSF support for engineering re-
search, an area long neglected in favor of the
agency’s traditional emphasis on basic scien-
tific research. Congress approved about $150
million for NSF grants for engineering re-
search in fiscal 1985, about 10 percent of the
agency’s total research budget.14 The Presi-
dent’s budget request for fiscal year 1985 calls
for more funding for this purpose, as well as
for establishment of cross-disciplinary engi-
neering centers at universities which would,
among other effects, promote research on com-
puters and manufacturing processes.15 Gov-
ernment funding of engineering equipment
and facilities at universities decreased from
$42 million to $17 million per year between
1974 and 1981,16 but has been rising since
then.

laDoD  i9 aISO supporting this program through m $8 mill-
ion grant, primarily for laboratory equipment.

“’’National Science Foundation Starts to Broaden Support
of Engineering Research, ” The Chronicle of Higher Education,
Jan. 18, 1984, p. 17, and interviews with NSF officials, Janu-
ary 1985.

“Ibid.
16Probable Levels of R&D Expemh.tums  in 1984, op. cit.

The Pattern of Government Funding of R&D
in Information Technology

The Federal Government has had a long his-
tory of funding R&D in information technol-
ogy-related fields. It is currently the major
sponsor of those types of information technol-
ogy R&D in which it has special interests.
These include artificial intelligence, supercom-
puters, software engineering, and very large
scale integrated circuits (VLSI), all areas in
their technological infancy and with enormous
potential for military as well as commercial ap-
plications. There is a long list of related tech-
nologies that have been stimulated by Govern-
ment-often defense or other mission agencies
—sponsorship of R&D including radar, guid-
ance systems, satellite communications, and
many others.

There are some historic examples of inten-
sive Government sponsorship of technologi-
cal development in areas where the potential
benefit was expected to be great, but the risks
and costs of research were high and therefore
unattractive to industry —e.g., computers,
aviation and communications satellites. One
of the classic illustrations of a successful, ma-
jor Government contribution to information
technology R&D is in the field of satellite com-
munications. The National Aeronautics and
Space Administration (NASA) (which current-
ly accounts for about 7 percent of the Federal
R&D budget) had the leading role in pioneer-
ing technological progress toward commercial
development, accelerating the time frame for
the introduction of this technology, influenc-
ing the structure of the U.S. domestic and in-
ternational telecommunications common carrier
industries, and effecting significant cost sav-
ings over the long run.17

In these cases, the Government, through the
undertaking of a number of risky and expen-
sive R&D programs and with extensive pri-
vate sector involvement, developed a large
pool of baseline technology that served to
prove the feasibility of geostationary satellite

171Mofis  Teub~  ad Edwud Steinmuller,  Government POl-
icy, Innovation and Economic Growth: Lessons From a Study
of Satelh”te Comrnum”c.ations,  Research Policy 11 (1982) 27-287,
North Holland Publishing Co.
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communications. These R&D programs were
for the purposes of proving the feasibility of
various technological advances such as geosta-
tionary orbiting satellites, electromagnetic
propagation of signals from outer space,
traveling wave tubes, automatic station keep-
ing, and aircraft communications. The NASA
programs initiated to undertake the extensive
R&D included the SCORE, ECHO, and RELAY
programs, the SYNCOM series of launches
that paved the way for Intelsat I, the first
commercial communications satellite, and the
Applications Technology Satellites series. The
costs for the RELAY, ECHO, and SYNCOM
Programs alone through 1965 were over $128
million-an amount that few companies could–
or would—commit, particularly considering
that the feasibility of synchronous satellite
operation was seriously questioned.18

It is also interesting to note that these
NASA programs likely had some important
side-effects on the structure of the U.S. inter-
national satellite communications industry.
Because AT&T was the only private company
to have heavily invested its own funds for sat-
ellite communications R&D—with focus on
the nonsynchronous TELSTAR system—it is
likely that AT&T would have dominated the
new international and domestic satellite com-
munications services industry. Instead, the
NASA programs, through continuous trans-
fer of technology to, and close interaction with,
commercial firms stimulated the competition
that followed the 1972 Federal Communica-
tion Commission’s decision allowing open en-
try into the domestic satellite communications
services industry.

The market for the supply of satellite com-
munications equipment was also open to com-
petition due to the expertise gained by NASA
contractors. In addition, the international sat-
ellite network that evolved is owned and oper-
ated by INTELSAT, an international consor-
tium, with the U.S. portion owned and oper-
ated by COMSAT, a broadly based private/
public corporation.

181 bid., p, 277.

Other Federal Government Policies

The Federal Government has many other
means for promoting (or suppressing) private
sector R&D activities including antitrust pol-
icy, patent policy, tax credits, technology
transfer from Federal laboratories and feder-
ally funded R&D centers, and the promotion
of Research and Development Limited Part-
nerships (RDLP). Export controls, whether for
national security or political purposes, serve
as a negative influence in promoting private
sector R&D. A major source of corporate fund-
ing for R&D, international sales, is lessened,
and the open exchange of technical data is
limited. Six policies intended to promote pri-
vate sector R&D are reviewed below.

PATENT POLICY
Previous policies assigning Federal owner-

ship of patents based on Government-funded
R&D have been modified in recent years with
the intent to stimulate patenting and commer-
cialization of invention. Public Law 96-517
(1980), which permits small businesses, not-
for-profit institutions, and universities to ob-
tain patents based on Government-sponsored
R&D, is intended to encourage university-
industry collaboration and patenting. The
Government’s right to patent ownership was
further reduced by Presidential Memorandum
(February 1983). This memorandum modified
the Federal Acquisition Regulations by ex-
tending the concepts of the current law to
allow all Government contractors to retain
patent rights.

There are obvious tensions in this situation,
since it is sometimes argued that the public
should own patents derived from research it
has funded. The counter-argument is that
Government-owned patents tend not to be-
come commercialized and the public reaps no
real benefit from them. For example, Federal
efforts to license its patents have resulted in
a meager 4 percent being licensed, in contrast
with 33 percent for university-owned patents .19

19 Lm~ing Felker, Us. I)epartrnmt  of Commerce, Office of
Productivity, Technology, and Innovation, during interviews
with OTA staff, January 1984.
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Allowing universities and businesses to retain
ownership stimulates commercialization, but
may also have the effect of distorting the
university’s traditional role as a developer of
fundamental knowledge.

TECHNOLOGY TRANSFER
The Stevenson-Wydler Technology Innova-

tion Act of 198020 was an attempt “to improve
the economic, environmental, and social well-
being of the United States,” through such
means as: establishing organizations in the ex-
ecutive branch to study and stimulate tech-
nology; promoting technology development
through the establishment of centers for in-
dustrial technology; stimulating improved uti-
lization of federally funded technology devel-
opment by State and local governments and
the private sector; and by other activities.21

The act has been selectively implemented.
Most of the Federal Laboratories have estab-
lished Offices of Research and Technology
Applications (ORTAs) which collect and dis-
seminate the results of their respective Lab-
oratory’s research. The Center for the Utili-
zation of Federal Technology, in the National
Technical Information Service of the Depart-
ment of Commerce, serves as a central clear-
inghouse.

However, the heart of the act, the Coopera-
tive Generic Technology Program, has never
been implemented. In February 1984, the Sec-
retary of Commerce issued the first report to
the President and the Congress on the prog-
ress of Federal activities conducted pursuant
to the Act.22 It appears that much of the work
cited in the Report as “Stevenson-Wydler”
activities would have been performed even if
the act had not existed. For instance, the new
patent policies discussed above and the R&D
Limited Partnership (RDLP) discussed below
were both cited as “Stevenson-Wydler’ initia-
tives.23

— — —
‘Public Law 96-480.
“For more details see the Stevenson-Wydler  Technology In-

novation Act of 1980, Report to the President and the Congress
from the Secretary of Commerce. February 1984.

‘gIbid.
“Ibid., p. 4.

The Act has probably had an effect on the
activities of the Federal Laboratory Consor-
tium (FLC). In 1984, the FLC established an
award for excellence in technology transfer
and issued 26 such awards. The Federal Lab-
oratories, however, are mission-oriented; and
no Federal Laboratory has a mission empha-
sizing the development of commercial technol-
ogies.24 Thus, the concept of cooperative gen-

eric research laboratories envisioned by the
Act has not been tested.

TAX CREDITS
Tax credits for businesses performing R&D

have been expanded through the Economic
Recovery Tax Act (ERTA) of 1981, which will
expire in 1986 unless extended.25 A key pro-
vision of ERTA allows companies to claim 25
percent tax credits for their qualified R&D
costs above their average expenditures for the
prior 3-year period. The law also allows for in-
creased deductions for manufacturer’s dona-
tions of new R&D equipment to universities,
and provides a new capital cost recovery sys-
tem for R&D equipment (modified later by the
Tax Equity and Fiscal Responsibility Act of
1982–TEFRA).

Opinion is mixed as to whether this tax
credit is effective in stimulating R&D invest-
ment. One study,26 based on the limited avail-
able data, observes that the tax credit may
well be helpful in encouraging increased R&D
budgets. However, a current study finds very
little effect on increased R&D spending due
to the tax credit.27 Battelle Memorial Institute
attributes at least part of the increased indus-
try investment in R&D to the tax credits.28

.—
~ioTA MemormdD,  “l)weloprnent  and Diffusion of COlll-

mercial  Technologies: Does the Federal Government Need to
Redefine Its Role?” March 1984, p. 26.

“public  Law 97-34, August 1981.
‘Eileen L. Collins, An Early Assessment of Thins li&D In-

centives Prow”ded by the Econonu”c  Recovwy  Tax Act of 1981,
National Science Foundation, PRA Report  8307, April 1983.

“preliminary findings of an ongoing study by Edwin Mans-
field, financed by the National Science Foundation.

as~obab]e  ~ve]s  of R&D Expencli”tures  in 1984, pp. 2, 11-
12, op. cit.
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R&D LIMITED PARTNERSHIPS

The Department of Commerce has been pro-
meting wider use of R&D Limited Partner-
ships (RDLPs), and offers advisory assistance
to businesses in their use. RDLPs are intended
to attract venture capital to commercial R&D
by limiting the potential losses to the venture
capitalists while still permitting them to re-
tain patent rights, if any, and to have pros-
pects for receiving royalties or a subsequent
buy-out by the company. RDLPs are some-
times used for conducting R&D with relatively
short-term payoffs—e.g., 3 to 4 years. The use
of RDLPs primarily affects the segments of
the innovation sequence from prototype through
product development.

During 1982, $275 million is estimated to
have been invested in RDLPs, mainly through
large brokerage houses. In 1983, the amount
is estimated at $490 million; in 1984, it was
$220 million.29 Although these investments
have tended to go for biotechnology, some
have been allocated to information technology
projects in fields such as computers, software,
microelectronics, telecommunications, robot-
ics, and artificial intelligence. The drop in fund-
ing in 1984 is believed by investment bankers
to be due to two trends. First, there is a gen-
eral drop in investor interest in high tech-
nology. Second, some investors appear to be
concerned about possible changes in tax laws
that may give less favorable treatment of
R&D tax deductions and capital gains.

ANTITRUST POLICY
There have been administrative proposals

and congressional bills that would limit the
use of the treble damage penalty against com-
panies found guilty of antitrust violations and
establish clearer guidelines for companies con-
sidering cooperative research activities.

There have been arguments noting that the
antitrust laws have not had a chilling effect
on cooperative research since they are rarely

ZgData  based on interviews  by OTA staff with officials from
the Office of Productivity, Technology, and Innovation, U.S.
Department of Commerce, and key sources in the investment
banking community, Jan. 29, 1985.

used. However, until recently businesses have
been exceptionally cautious about such ven-
tures because of concern over litigation.

Some of the questions that arise in consid-
ering more liberalized interpretation of anti-
trust legislation concerning joint research are:

●

●

●

Will U.S. companies, long accustomed to
performing much of their R&D individu-
ally, be able to adapt swiftly to a different
mode of operation? What will be the real
commitment to shared research? How will
intellectual property issues be resolved?
Will there be new opportunities for collu-
sion among joint R&D partners that re-
create historical antitrust problems?
Will joint R&D dilute the benefits of com-
petition even in basic research? Will small
firms be disadvantaged?

in the closing days of the 98th Congress, the
National Cooperative Research Act of 1984
was passed. The Act eliminates the treble dam-
age penalties in antitrust cases involving joint
R&D ventures when those ventures meet the
conditions of the Act, in particular, by provid-
ing prior notification to the Federal Trade
Commission and the Justice Department.

INDUSTRIAL POLICY
An important topic debated in Congress

concerns industrial policy and the appropriate
role of Government in strengthening industry.
One approach would provide an environment
generally conducive to industry reinvestment,
productivity improvements, and increased
competitiveness through tax, antitrust, pat-
ent, and other policies. A different approach
would assist selected industries, create a high-
level industry-labor-Government advisory
council, and provide loans and loan guar-
antees.

Among the issues that surround the debates
are whether the Government could be effec-
tive in selecting industries for support; whether
businesses, without further encouragement,
would invest their resources in areas most
beneficial to the Nation’s competitiveness; and
whether foreign national industrial policies
pose insuperable problems for U.S. businesses.
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There may also be important lessons from the
various foreign experiences with targeted in-
dustrial policies, many of which may not be
suitable as models for the United States (see
Ch. 7: Foreign Information Technology R&D).

Industrial R&D

The corporate motivation for performing
R&D centers about the need to maintain or im-
prove market share and profitability for both
the short and long term. For high-technology
businesses in general, R&D plays a critical–
although not singular-role in helping the firm
to sustain or improve its competitive position.

Funding and Licensing of Research

The information technology industry in the
United States spent about $10.8 billion for
R&D in 1983. As is typical of a high-tech-
nology industry, the firms in information tech-
nology often spend a large proportion of their
sales revenue on R&D—for supercomputer
manufacturers the ratio was nearly 20 percent
in 1982, and it is believed to have been com-
parable in 1983. In 1983, overall R&D spend-
ing by computer manufacturers rose by 19.5
percent; spending by computer software and
service vendors rose by 38.9 percent; and
telecommunications R&D rose by 31 percent.
The importance of R&D to these firms can be
seen from the fact that even during the recent
economic recession they continued to make
substantial R&D investments.

While information technology companies
perform much of their R&D in-house, they also
make use of research originating in univer-
sities, other companies, and the Federal Gov-
ernment through licensing and other arrange-
ments for technology transfer. Licensing and
cross-licensing are often used as means of ac-
quiring technology quickly and for recovering
R&D expenses.

Protection of Research Results
Leadtimes in research and product develop-

ment are very important for capturing markets,
recovering R&D expenses, and contributing
to profitability and further R&D investment.
A 6-month leadtime in getting products into
commercial markets can make the difference

between market dominance and substantial
losses. The information technology industry’s
significant investments in R&D, the high mo-
bility of technical personnel, and the increas-
ing internationalization of R&D, encourage
rapid diffusion of technical data and frequent
introduction of new products. These charac-
teristics intensify the need for legal protection
of new ideas and products.

Certain areas of information technology are
especially vulnerable to “borrowing” and the
degree of legal protection available is uncer-
tain. Software, for instance, can be copywriter
but cannot be patented except in certain in-
stances. Policy is being made in the courts, vir-
tually on a case-by-case basis, and the re-
sultant ambiguities satisfy no one. The entire
problem of intellectual property rights has be-
come a matter for national attention.

Industry-University Links

Chapter 6 of this report describes in detail
the relationship of the information technology
industry and the universities. International
competition is causing U.S. industry to be-
come increasingly sensitive to the importance
of academia both as a performer of informa-
tion technology-relevant basic research and as
a supplier of trained personnel.

The information technology industry is a
major “consumer” of technically trained per-
sonnel. As shown in figure 2, the office/com-
puting and communications industries are ri-
valed only by the aircraft and parts industry
in terms of overall employment of scientists,
engineers, and technicians. According to sta-
tistics compiled by the National Center for
Education Statistics,30 some 21,400 electrical,
electronic, and communications engineering
and 25,500 computer and information science
majors graduated in 1982. Within those disci-
plines, less than 2 percent are unemployed.31

There is some controversy surrounding the
putative shortage of future manpower for in-
formation technology research (discussed at

~ONation~  Center  for Education Statistics, Survey  of Emned
Degrees Conferred, reported to OTA by Dr. Vance Grant, Jan.
3, 1984.

‘] Congressional Budget Office, Defense Spendeng and the
Economy, Table A-7, p. 59, February 1983.
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Figure 2.—Science, Engineering, and Technician Employment Within
High-Technology Industries, 1980
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length inch. 7) but there is certainly no present
oversupply of well-trained  R&D personnel nor
is there doubt that industry is dependent on
the university system to produce the man-
power necessary to maintain a sufficient level
of R&D.

Industry is both influenced by, and influ-
ences, university training programs. In addi-
tion to its needs for traditionally trained
graduates, there is a growing need for gradu-
ates with multidisciplinary training. For ex-
ample, companies involved in fiber optic com-
munications require researchers trained in
both physics and electronics-a combination
which is not part of traditional curricula. A
similar situation applies in the “expert” sys-
tems field, where a wider range of skills are
needed and broad scientific training is espe-
cially valued. These shifting industry needs
place demands on universities to alter their
curricula and to create multidisciplinary in-
stitutional structures, and they increasingly
require frequent retraining of professional
technical personnel.

In some cases, information technology firms
requiring special skills not normally produced
by academia have compensated for the short-
fall by providing additional cross-training for
employees, by helping selected universities to
develop new curricula, or by furnishing sup-
plemental teaching staff. For example, in 1983
IBM announced that it would make $10 mil-
lion available to support university research-
ers and another $40 million earmarked for the
development of curricula in computer-aided de-
sign and manufacturing.

Foreign Government Policies
Policies and practices of foreign govern-

ments and companies can influence the prof-
itability of U.S. companies or deny them mar-
kets, and thus effectively restrict their ability
to invest in R&D. These policies and practices
include pricing exports at below cost in order
to capture larger market share and the advan-
tage of scale, targeting specific advanced tech-
nology markets through government-spon-
sored industrial strategies, creating nontariff
barriers (e.g., discriminatory certification prac-

tices), restrictions on foreign direct invest-
ments, exclusion of U.S. subsidiaries from
R&D programs funded by the host govern-
ment, preferential treatment of domestic pro-
ducers in government procurement, and ex-
port credits.32

Jointly Funded Research

Recently, the industry has made what may
be the beginning of a major shift from its tradi-
tional pattern of conducting independent R&D,
toward undertaking some joint or cooperative
efforts. There are a number of examples in
which companies are jointly supporting basic
and some applied research through newly
formed cooperative organizations, which rely
heavily on university and corporate research-
ers. Among these new organizations are the
Microelectronics Center of North Carolina, the
Semiconductor Research Corp., and the Micro-
electronics and Computer Technology Corp. A
detailed discussion of these arrangements and
the policy issues arising from them is con-
tained in chapter 6.

These cooperative research efforts were
spurred by escalating R&D costs, by a per-
ceived limited supply of science and engineer-
ing talent, and by the apparent erosion of in-
formation technology industry’s international
competitive position. Some leaders in the in-
dustry argue that it has neither the resources
nor the time to continue its established pat-
tern of across-the-board duplicative R&D. This
does not mean that information technology
companies intend to slacken their competitive
R&D work vis-a-vis proprietary technologies.
If anything, the cooperative projects are ex-
pected to lead to more innovation and more
competition at the level of the participating
companies.

Cooperative research programs require a
careful distinction between proprietory and
nonproprietory technology. Nonproprietary
technology is made up of:

● generic technology, consisting of scien-
tific and engineering principles that form

32 For mom ~t~g, s Internat.iorlal  Competition ~ Adv~~
Technology: Decisions for America, op. cit., pp. 28-37.
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a competitively neutral technology base
that can be shared by all firms without
reducing the potential benefits for any one
firm; and

● infratechnology, consisting of the knowl-
edge base necessary to implement product
and process design concepts. It includes
such things as basic data characterizing
materials, test methods, and standards.
Like generic technology, the infratechnol-
ogy is competitively neutral.

The various cooperative arrangements are con-
cerned with the nonproprietary technologies.

Cooperative Government-industry develop-
ment of nonproprietary technical standards is
a related area important to industry. A recent
example is the cooperative effort of the Na-
tional Bureau of Standard’s Institute for Com-
puter Sciences and Technology (ICST) and 12
information technology firms in developing
and demonstrating networking technology for
office systems. A similar cooperative project
is aimed at developing networking technology
for the factory floor. These efforts are based
on the development of nonproprietary stand-
ards. The programs, which began joint dem-
onstrations in 1984, permit the products of dif-
ferent manufacturers to work together com-
patibly and therefore expand the market for
them.

In the long term, continued expansion of
U.S. cooperative research activities could have
policy implications for the appropriate amounts
and focus of Federal funds for R&D, for uni-
versities’ needs for outside support, and for
invigorating segments of the university re-
search environment—and the potential for
altering the status of U.S. R&D relative to
other nations.

Universities’ Role in R&D

The exceptionally broad nature of the under-
pinnings of information technology, and the
escalating complexity associated with con-
tinued advances based on research, indicate
an increasing role for universities. Major ad-
vances in fundamental knowledge are often

the result of decades of dedicated and expen-
sive research-efforts which few commercial
firms would be willing to undertake. In each
of the four areas of information technologies
selected for the chapter 3 case studies (ad-
vanced computer architecture, fiber optics,
software engineering, and artificial intelli-
gence), universities have made and are con-
tinuing to make valuable research contribu-
tions in technologies that the private sector
commercializes.

The intensity and breadth of university re-
search is dependent on a wide variety of fac-
tors, ranging from the prestige of the institu-
tion, graduate enrollment, ability to retain
qualified faculty and researchers, adequacy of
funding for researchers, adequacy of facilities
and laboratory equipment, affiliations with
major companies, and increasingly on interac-
tions with other researchers domestically and
internationally. It is also dependent on a large
proportion of foreign graduate students– as
many as 50 percent in some universities-par-
ticularly in disciplines such as engineering.

The intensity of university R&D is also de-
pendent on the level of funding for research
provided by the Federal and State govern-
ments, as well as by industry. About 85 per-
cent of the funding for university and college
R&D came from external sources.33 Federal
and State governments as well as industry
provide funding for research, for scholarships,
for laboratory equipment, and for real estate.
The universities accounted for about one-half
of all basic research expenditures in 1984, with
70 percent of their funding provided by the
Federal Government.

Laboratory Research Instrumentation
and Facilities

During the past few years, problems con-
cerning the obsolescence of university labora-
tory research instrumentation and facilities,
and a lack of access to supercomputer equip-
ment, have been recognized in many academic
disciplines. This problem is not specific to in-

$~Nation~  &ience  Foundation, Early Release Of summ~’
Statistics, etc., table 1, December 1983.
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formation technology, but this field is among
those affected. A decline in university research
capabilities could result in a significant decline
in the overall rate of the Nation’s scientific
advance.

One study notes that when the appropriate
instrumentation needed to conduct specific re-
search is unavailable, then research objectives
are altered to match that which is available.34

This source also reports that leaders within
the scientific community have estimated the
cost of updating university research equip-
ment to lie between $1 billion and $4 billion.
In particular, instrumentation with costs be-
tween $100,000 and $1 million at U.S. research
universities is reported as becoming obsolete.35

One estimate stated that selected instrument
costs have increased fourfold since 1970.36

Compounding the problem is the fact that
the most up-to-date research equipment has
a short lifetime-only 3 to 8 years.37 Another
study which compared university laboratory
equipment with that of industrial laboratories
found that the median age of university lab-
oratory equipment was twice that of the equip-
ment found in the laboratories of companies
performing high-quality research.38

The same study also noted that until re-
cently, not a single top-line supercomputer
was installed in service at a U.S. university.
A number of foreign universities, however, are

‘—~4TeStim~y  of Charles A. Bowsher, Comptroller General,
GAO, before the Senate Committee on Commerce, Science, and
Transportation, Subcommittee on Science, Technology, and
Space, Research Instrumentation Needs of Universities, May
27, 1982.

‘sObsolescence of Scientific Instrumentation in Research
UniversJ”ties, Emerging Issues in Science and Technology, 1981,
A Compendium of Working Papers for the National Science
Foundation, National Science Board, p. 49.

‘Su”ence, vol. 204 (1979), p. 1365, as reported in Obsolescence
of Sci”entifi”c Instrumentation in Research Um”versities.

“International Competition in Advanced Technology: Deci-
sions for Ameri”ca, op, cit., pp. 47-48.

‘L. Berlowitz, R. A. Zdanis,  J. C. Crowley,  and J. C. Vaughn,
“Instrumentation Needs of U.S. Universities,” ~“ence, vol. 211,
Mar. 6, 1981, p. 1017, as reported in Obsolescence of Scientific
Instrumentation in Research Um”versities.

equipped with supercomputers.3g In part as a
response, the Federal Government is increas-
ingly sharing its supercomputers with its con-
tractors, many of which are universities. Dur-
ing fiscal year 1984, $6 million was authorized
for NSF to buy access to the equivalent of one
supercomputer for scientific use. This amount
was increased to $40 million in fiscal year 1985
and will contribute to the establishment of six
or seven supercomputing centers nationwide
over the next 5 years. In addition, four U.S.
universities have recently acquired supercom-
puters.

Further acquisitions of supercomputers by
universities may be curtailed both by finan-
cial limitations and by the difficulty of assem-
bling the expert staff needed to maintain the
facilities. Consequences of obsolescence are
likely to include foregone opportunities to per-
form frontier university research, less-than-
optimal training for graduate students, a con-
tinuation of the migration of faculty and new
graduates to industrial laboratories, and a de-
terioration in the quality of U.S. instrumen-
tation, because university researchers tradi-
tionally provide valuable feedback and
innovative improvements to the instrument
manufacturing community.

A number of factors have contributed to the
obsolescence of university laboratory equip-
ment. Among these are the long-term decrease
in Federal funding for R&D plant in univer-
sities and colleges since 196540 (fig. 3); an ap-
proximately four- to six-fold increase between
1970-80 in the costs of state-of-the-art  instru-

— ———
~gArnOng  these  me:  West Germany’s Max  Pl~* Institute

and the Universities of Karlsruhe,  Stuttgart, Berlin, and KFA;
Japan’s Universities of Tokyo and Nagoya; England’s Univer-
sities of London and Manchester  France’s Ecole  Polytech-
nique; and in Sweden, onehalf time access by universities to
a major auto manufacturer’s supercomputer.

40’’The Nation’s Deteriorating University Research Facilities,
A Survey of Recent Expenditures and Projected Needs in Fif-
teen Universities,” prepared for the Committee on Science and
Research of the Association of American Universities, July
1981, p. 4. This survey covered 15 leading universities and six
academic disciplines.
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mentation41; and the short lifetime of state-
of-the-art equipment and high maintenance
costs. In addition, during periods of decreased
funding, university laboratory administrators
tend to forego instrumentation purchases
rather than reduce project staffs.42 Further,
until recently, Federal funding for research
projects did not allow for purchase of instru-
mentation if it was to be shared with other
projects.

Quantification of the Problem
Until recently, much of the information con-

cerning the extent of the obsolescence prob-
lem has been anecdotal. However, there are
now a number of initiatives to provide statis-
tical data quantifying its scope and the effect
on specific disciplines. In addition to the need
for suitable data collection, there is a need to
—. ——.—

‘l’’ Revitalizing Laboratory Instrumentation, The Report of
a Workshop of the Ad Hoc Working Group on Scientific In-
strumentation, ” National Research Council, March 1982, p. 1.
This source estimates a sixfold increase in costs, while others
estimate a fourfold increase.

‘Testimony of Charles A. Bowsher, Comptroller General,
GAO, op. cit.

identify critical areas affected, the trends or
rate of change, and likely influence of new ini-
tiatives to relieve the problems.

A GAO investigation into the instrumenta-
tion of obsolescence issue found “a tremen-
dous lack of information”: an absence of trend
data on nationwide research equipment ex-
penditures by universities, a lack of consen-
sus on university laboratory needs, and no
comprehensive indexes that would measure
changes in the price of equipment43 44 or the
costs to maintain it. GAO also found that the
rapidly increasing costs for instrumentation
in conjunction with relatively level funding of
basic research (in constant 1972 dollars) at
universities and colleges for the period 1968-
81 combined to have a “large effect on re-

..—
 [GAO testimony].

 illustration of cost escalation is the $100,000 
electron microscope of the 1960s, which could distinguish ob-
jects smaller than  of a meter. By  the scan-

ning transmission electron microscopes had improved the reso-
lution by a factor of 1,000, and cost more than $1 million.
(Testimony of Dr. Edward A. Knapp, Director, NSF before the
House Subcommittee on Science, Research, and Technology,
Feb., 1984.)

38-802 0 - 85 . 4
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searchers’ acquisition and maintenance of re-
search equipment. ”

A National Science Foundation  study45 sur-
veyed the status of university laboratory re-
search instrumentation in 1982 in three ma-
jor disciplines. The study, when completed in
1985, will provide some useful insights into the
extent of the problem nationwide. The study
polled 43 academic institutions concerning the
condition of their instrumentation in computer
sciences, physical sciences, and engineering
disciplines in order to develop national esti-
mates of the findings. Preliminary data from
the study, which covers equipment with pur-
chase prices ranging from $10,000 to $1,000,000
in use in 1982, may not either confirm or refute
the notion of a serious problem with instru-
mentation obsolescence in these three fields,
but does seem to demonstrate that the prob-
lem may not be uniform. For example:

●

●

●

University officials classified 26 percent
of the research equipment listed in these
fields in 1982 as “not in current use. ”
Some portion of this undoubtedly is obso-
lete. Seventeen percent of the laboratory
equipment associated with computer sci-
ence research was obsolete; 24 percent of
the physical sciences and engineering
equipment was obsolete.
One-half of all of the academic research
instruments in the fields surveyed that
were still in use in 1982 were purchased
during the 1978-82 period. Only 12 per-
cent of the computer science instrumenta-
tion was purchased prior to 1972, and 78
percent was purchased during 1978-82.
Concerning state of-the-art equipment, 98
percent of the computer science equip-
ment in this category had been acquired
since 1978, compared with 80 percent
of the engineering research equipment.
Eighty-four percent of all of the state-of-
the-art equipment surveyed was listed as
in excellent condition, as compared with
42 percent of all equipment covered by the
survey.

“’’One  Fourth of Academic Research Equipment Classified
Obsolete, ” Science Resources Studies Highlights, NSF, 1984.

●

●

The replacement value of all instrumenta-
tion in use was estimated at 42 percent
above the original purchase price (almost
matching the inflation rate).
Two-thirds of all research instrument sys-
tems in use in 1982 were acquired partly
or entirely with Federal funds.

These preliminary findings indicate the need
to develop data providing a comprehensive
picture of university research instrumentation.
The 43 universities surveyed account for 94
percent of the R&D expenditures in each of
the three disciplines (computer sciences, phys-
ical sciences, engineering) covered and had in-
strumentation inventories that cost nearly $1
billion-a significant portion of which was
funded by the Federal Government. Exactly
how much total funding is needed to equip the
laboratories adequately is not known. How-
ever, it is possible to make some very approx-
imate, inferential estimates based on the avail-
able data. For example: given an instrument
inventory of $1 billion and assuming that the
equipment has a 4-year lifespan, one-quarter
of the equipment ($250 million current dollars)
would be needed annually to upgrade the
equipment assigned to those three disciplines
in the 43 universities.

Remedial Activities
Federal agencies, State governments, and

industry have begun to address the instrumen-
tation problem. For example, the Department
of Defense initiated a $150 million 5-year pro-
gram in fiscal year 1983 to fund instrumenta-
tion in areas of research in support of its mis-
sion. DOD’s University Research Instrumen-
tation Program is based in part on a 1980
study46 of the instrumentation needs of U.S.
university laboratories to conduct defense-
related research. The pervasiveness of the
problem is illustrated by the estimated 2,500
responses from the academic research commu-
nity to an initial DOD invitation for proposals
for funding.

‘American kmciation  of Universities Report to the National
Science Foundation, Scientific Instrumentation Needs of Re
search Universities, June 1980. See also 13erlowitz, et. al., op. cit.
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In addition, NSF’s appropriation increased
from $195 million in fiscal year 1984 to about
$234 million in fiscal year 1985 for support of
advanced instrumentation. Some $122 million
in fiscal year 1985 (up from $104 million in
fiscal year 1984) will be allocated to research
instrumentation for individual project grants,
and the remainder for instrumentation for
multi-user regional instrumentation centers
and major equipment in national centers.

The universities are also concerned about
obsolete or inadequate research facilities, or
buildings–which Federal agencies have not
funded since the 1960s. One preliminary esti-
mate of the funds needed to fully upgrade fa-
cilities at the Nation’s major research univer-
sities is between $990 million and $1.3 billion
per year.47 NSF is leading the interagency
Steering Committee on Academic Research
Facilities (which includes representation from
DOD, DOE, the National Institutes of Health,
and U.S. Department of Agriculture) to ad-
dress this issue. The committee is expected to
recommend that a study be initiated to clarif y
requirements for additional buildings or mod-
ernization programs for the Nation’s academic
research institutions. In addition, the National
Science Board addressed this issue during its
June 1984 session and recommended that fund-
ing for facilities become a component of the
fiscal year 1986 NSF budget. It recommended
that NSF conduct pilot programs for R&D fa-
cilities construction in three areas of priority
research (large-scale computing, engineering
research centers, and biotechnology), and that
NSF support the Committee by obtaining im-
proved data on the condition of university fa-
cilities. The House Authorization bill for the
fiscal year 1984 budget of the Department of
Defense directed that agency to determine the
need to modernize university science and engi-
neering laboratories for national security pur-
poses. Congress has requested NIH to make
a similar determination with respect to its
mission.

47 Adequacy of Academic Research Facilities, A Brief Report
of a Survey of Recent Expenditures and Projected Needs in
Twenty-Five Academic Institutions, National Science Founda-
tion, April 1984.

State Government and Industry Initiatives
Among the various State government ini-

tiatives to improve university research capa-
bilities are those of North Carolina, Massachu-
setts, New York, California, and Minnesota
(see ch. 6).

Industry is also contributing at a significant
level to academic information technology re-
search and education. For example, seven com-
puter vendors alone have made recent commit-
ments to contribute some $180 million in cash
and equipment to universities. One source
“conservatively” estimates the level of dona-
tions of computer equipment to higher insti-
tutions of education to exceed $100 million in
1982. Among the major contributors were
IBM, Digital Equipment Corp., Apple Com-
puter, Inc., Hewlett-Packard Co., Wang Lab-
oratories, Inc., NCR Corp., and Honeywell,
Inc.

Two other recent examples further illustrate
the trend: Brown University built a $1.5 mil-
lion computer science facility based on contri-
butions from IBM, Xerox Corp., Gould, Inc.,
and others; the University of California at
Berkeley has commitments of $18 million in
cash and equipment from firms such as Fair-
child Camera & Instrument Corp., Advanced
Micro Devices, Bell Laboratories, Digital
Equipment Corp., GE, Harris, Hewlett-Pack-
ard, Hughes Aircraft, IBM, Intel, National
Semiconductor, Semiconductor Research Corp.,
Tektronix, Texas Instruments, and Xerox.48

Changing University Role

The role of university research maybe at the
threshold of significant change. Faced with the
increasing expense and risks associated with
research, a limited supply of trained personnel
(especially in needed multidisciplinary skills),
and intensifying competition, U.S. industry is
taking steps to bolster the universities’ role
in the performance of research in information

48These donations are seen as motivated by business strate-
gies, and to some extent, by the 1981 changes in the Federal
tax regulations which provide tax advantages for donations of
new equipment to schools.
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technology. State governments are promoting
their universities’ research capabilities to at-
tract technology-intensive industry.

The National Science Foundation’s support
of engineering research at universities is also
contributing to the change. With a $150 mil-
lion appropriation for fiscal year 1985, NSF
will increase the range of engineering projects
supported and will help to establish more uni-
versity engineering centers to promote re-
search on computers, manufacturing proc-
esses, 49 and other nationally important tech-
nologies. Many of these joint activities are em-
phasizing strengthened linkages among the
ties, promoting entrepreneurship, and improv-
ing the overall scientific and technological
base of State and local communities.60 They
are also serving to add to both the supply and
the quality of degreed professionals, and to
modernize the tools available in participating
university laboratories.

The universities may find themselves in a
position in which they are looked to as criti-
cal to U.S. competitiveness in domestic and
world markets, to our ability to maintain tech-
nological prominence and to remain reason-
ably self-sufficient in critical areas for national
security purposes. Undoubtedly, for these and
other reasons—such as the growing need for
life-long education for many professionals–
there will be forces for change in the role of
universities.

Conflicts in Perspectives, Goals,
and Policies

These various participants-academia, in-
dustry, and Federal and State governments–
work together in a sort of dynamic balance,

49Nation~ &ience Foundation starts to broaden suPPort of
engineering research, The Chrom”cZe of I+@her Education, Jan.
18, 1984, p. 17, and updated by NSF officials, January 1985.

‘For more detailed information, see Technology, Innovation,
and Regional Economic Development, Background Paper No.
2, Encouraging High Technology Development, Office of Tech-
nology Assessment, February 1984.

despite some differing perspectives among
participants, and some discords in goals and
policies. For example:

1.

2.

3.

4.

National economic goals for improving
productivity and competitiveness in inter-
national markets are supportive of a
healthy information technology industry.
However, productivity improvements are
viewed by some as possibly resulting in
fewer employment opportunities, and
lower job skill requirements and pay
levels.
National science endeavors are fostered
by measures that increase fundamental
knowledge, consistent with university
and scientists’ objectives-including the
sharing of research results international-
ly—but may be contrary to national secu-
rity objectives of controlling technology
transfer and industry concerns for pro-
tecting research data.
Universities’ and scientists’ interests in
conducting undirected (basic) research
may be in conflict with industry’s and
mission agencies’ need for achieving spe-
cific results. The current trend toward in-
creased university-industry collaboration
and toward university patenting may re-
sult in more directed university research
and less independence of universities.
U.S. policies toward opening university
admission to foreign students have been
enormously successful, but other regula-
tions encourage emigration of aliens after
graduation, thus depriving U.S. firms and
academic institutions of needed talent.

The most striking observation concerning
the roles of the various participants is that
they are in a state of flux. To date, the direc-
tions of the changes appear to be: 1) modified
interrelations among the participants in the
R&D process, 2) a significantly larger role in
research for participating universities, and 3)
a potential strengthening of national capabil-
ities to conduct R&D in information tech-
nology.
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Measures of the Health of U.S. R&D in
Information Technology

There is no single indicator of the health of
R&D in information technology. However, a
combination of indirect indicators can provide
an impression of its overall vigor in the United
States. Indicators of industry growth include
the level of funding for R&D, the availability
of trained personnel, trade balances for infor-
mation technology exports and imports, and
patent trends. Although the indicators used
are not comprehensive, taken together they
portray a robust industry with significant
growth in sales and investment in R&D. They
also show that these industries account for the
employment of a high proportion of the Na-
tion’s technically trained work force as well
as a substantial proportion of its industry- and
government-funded R&D. Paradoxically, they
provide a varying contribution to the U.S.
trade balance, and a declining proportion of
the total number of information technology
patents granted in the United States.

These indicators, while generally promising
in themselves, provide far less than a complete
picture of the state of health of U.S. R&D in
the information technology industry. Interna-
ational competition in both information tech-
nology markets and in R&D is intensifying
and U.S. leadership in many of these areas is
being seriously challenged. Also, as described
previously, aspects of the R&D process are in
flux and it is too early to tell whether the
changes are for better or for worse. In addi-
tion, while this report focuses on information
technology R&D, several other factors play
critical roles in U.S. competitiveness. These
include marketing strategies, manufacturing
capabilities, and global macroeconomic and
trade conditions.

Beyond that, as noted earlier in this chapter,
the “information technology industry” is an
ill-defined entity and the available statistics
are often noncomparable. Much of our infor-
mation is based on statistics pertaining to a
small subset of the Standard Industrial Code

(SIC) for manufacturing companies without
accounting for the significant revenues from
services. One statistical comparison will serve
to illustrate the problem of noncomparability:
In 1982, shipments of all electronic computing
equipment establishments totaled $34.1 bil-
lion; in the same year, data processing reve-
nues of the top 100 information technology
companies totaled $79.4 billion.sl

Because of these data inconsistencies the in-
formation presented is skewed by the noncom-
parable databases; and, for that reason, quan-
tifications can only be regarded as approximate.

Information Industry Profile

The review presented in chapter 9 of busi-
ness statistics for the U.S. information tech-
nology industry indicates that this industry
is generally robust as measured in a variety
of ways, and in comparison with U.S. indus-
try as a whole. For example, for the 1978-82
period: sales revenue grew by 66 percent com-
pared with 40 percent for the composite U.S.
industry; profits grew by 36 percent compared
with 6 percent for the composite. Profits-
to-sales ratios were about 9 percent v. 5 per-
cent; and the growth in the number of employ-
ees averaged 12 percent v. a negative 8 per-
cent.52

Concerning R&D, the information technol-
ogy industry is also vigorous. R&D expendi-
tures compare very favorably to the compos-
ite industry when measured as a percentage
increase over the period, as a percentage of
sales, or in terms of R&D expenditures per em-
ployee. This industry accounted for 28 percent
of the total R&D spending by all industries.

51Based on a draft  report, ‘l’he Computer Industry ~d ~n-
termtiomd  Trade: A Summary of the U.S. Role, by Robert
G. Atkins, Information Processes Group, Institute for Com-
puter Sciences and Technology, 1984.

‘zThese data primarily represent large firms. See table 52 (ch.
9) for limitations.
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In fact, a listing of the 15 U.S. companies that
spend the most on R&D—as a percentage of
sales, and in dollars spent per employee-is al-
most completely populated with information
technology companies such as Cray Research,
Telesciences, Advanced Micro Devices, LTX,
Amdahl, Computer Consoles, and Convergent
Technologies53 (table 4).

The electrical and communications industry
increased R&D budgets by approximately 13
percent in 1984 and 1985. These increases
resulted in large part from R&D on semicon-
ductors and telecommunications. During 1984
and 1985, electrical and electronics companies
plan to accelerate their investment in commu-
nications R&D, including work on integrated
power semiconductors and cellular radio.”
Thus, the industry viewed broadly is com-
mitted to well-funded R&D.

Comparison of R&D Funding by
Selected Countries

Funding levels for R&D are generally rec-
ognized as important to the innovation proc-
ess, as noted earlier. The United States has
fallen behind two of its major competitors, as
measured in terms of total outlays for R&D

63~ugjne9s  week, R&I) Scoreboard 1982, June 20, 1983,
pp. 122-153.

“Science Resource Studies, Highlights, National Science
Foundation, NSF 83-327, Dec. 15, 1983, p. 2, and NSF 84-329,
Oct. 15. 1984.

as a percentage of Gross National Product (ex-
cluding expenditures for defense and space) .66
Figure 4 shows that both Japan and West Ger-
many have been outpacing the United States
(as well as France and the United Kingdom)
by this measure for more than a decade. Both
of these countries have relatively small R&D
expenditures for defense and space purposes
as a percentage of GNP—e.g., 2.5 and 5.6 per-
cent in 1981 for Japan and West Germany, re-
spectively, in contrast with 31 percent for the
United States, 29 percent for France, and 30
percent (in 1975) for the United Kingdom.

The Influence of DOD Funding of R&D in
Information Technology

DOD funding for R&D in information tech-
nology reflects its growing dependence on this
technology and its reluctance to be dependent
on foreign sources for technology critical to
national security. Defense spending for R&D
generally has ranged from a high of 90 percent
of Federal R&D spending in 1953 to a low of
50 percent during 1976-80, and is expected to
rise to 70 percent in 1985.56

Table 5 shows the distribution of DOD fund-
ing for 1983 among basic and applied research,

.-—
66% willi~  c. B~Srn~  U.S. Civilian and Defense R&D

Funding: Some Trends and Comparisons with Selected In-
dustrialized Nations, Congressional Research Service, Library
of Congress, Aug. 26, 1983.

‘Ibid.

Table 4.—The Top 15 in R&D Spending

In percent of sales In dollars per employee

1. TeleSciences. . . . . . . . . . . . . . . . . . . . . . . . . . .......31 .6°/0
2. Policy Management Systems . .... . . . . . . . . . . . . . .26.6
3. Fortune Systems . . . . . . . . . . . . . . . . . . . . . ........22.3
4. Management Science America . ................20.8
5. King Radio. . . . . . . . . . . . . . . . . . . . . . .............20.0
6. Dysan . . . . . . . . . . . . . . . . . . . . . ..................19.4
7. Advanced Micro Devices. . . . . . . . . . . . . . . . . . . . . .. 19.4
8. Modular Computer Systems. . ..................17.6
9. ISC Systems . . . . . . . . . . . . . . . . . . . . . ............16.6

10. Computer Consoles . . . . . . . . . . . . . . . . . . . . . ......16.6
11. LTX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16.4
12. Ramtek. . . . . . . . . . . . . . . . . . . . . . ................15.6
13. Applied Materials . . . . . . . . . . . . . . . . . . . . . ........15.6
14. Auto-trol Technology . . . . . . . . . . . . . . . . . . . . . .....15.4
15. Kulicke & Soffa Industries . . . . . . . . . . . . . . . . . . . . .15.3

1. Ultimate . . . . . . . . . . . . . . . . . . . . ... ... ... ... ..$37,089
2. Fortune Systems . . . . . . . . . . . . . . . . . . . . . ......19,390
3. TeleSciences. . . . . . . . . . . . . . . . . . . . . . .........18,797
4. Convergent Technologies . . . . . . . . . . . . . . . . . . . . 18,721
5. Activision. . . . . . . . . . . . . . . . . . . . . . ............16,667
6. Cray Research. . . . . . . . . . . . . . . . . . . . . . ........16,467
7. Management Science America . ..............15,563
8. Amdahl . . . . . . . . . . . . . . . . . . . . . ...............15,413
9. Digital Switch . . . . . . . . . . . . . . . . . . . . . .........15,017

10. Policy Management Systems . ................14,677
11. Applied Materials . . . . . . . . . . . . . . . . . . . . . ......14,545
12. Auto-trol Technology . . . . . . . . . . . . . . . . . . . . . ...14,413
13. Computer Consoles . . . . . . . . . . . . . . . . . . . . . ....13,816
14. Network Systems . . . . . . . . . . . . . . . . . . . . . ......13,292
15. LTX . . . . . . . . . . . . . . . . . . . . . ..................13,229

SOURCE: Standard & Poor’s Compustat, Inc., as cited in Business Week, “A Deepening Commitment to R& D,” July 9, 1984, p. 64; and “The U.S. Still Leads the World
in R&D Spending, ” June 20, 1983, p 122
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Figure 4.— Estimated Ratio of Civilian R&D
Expenditures to Gross National Product

for Selected Countries
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and development. DOD spending for basic re-
search accounts for some 13.6 percent of the
total Federal obligations, while applied re-
search accounts for 33.9 percent, and devel-
opment accounts for 71.3 percent.

Table 6 shows that the DOD R&D budget
dominates some fields of Government R&D
spending for basic and applied research. For

example, in funding for basic research in elec-
trical engineering, DOD accounts for some 69
percent; in computer sciences, 55 percent; and
in mathematics 42 percent. In applied re-
search, the DOD is a major Federal funder for
electrical engineering (90 percent), computer
sciences (87 percent), and mathematics (29 per-
cent). These, as well as others, are disciplines
supported primarily by the DOD R&D bud-
get and that have a central influence on ad-
vances in information technology for the Na-
tion.67

There have been many commercially appli-
cable advances in information technology that
have their origin in, or had strong early sup-
port from, DOD funded R&D. These include
very high speed integrated circuits (VHSIC),
digital telecommunications, and new high-per-
formance materials. However, there are some
major disadvantages for the commercial sec-
tor to DOD funded R&D. Among these are:
security classifications which tend to slow ad-
vancements in technology; rigid technical
specifications for military procurements which
have limited utility for commercial applica-
tions; and the “consumption” of limited, val-
uable scientific and engineering resources for
military purposes, which may inhibit commer-
cial developments. This issue is discussed in
more detail in chapter 8.

U.S. Patent Activity

It is generally accepted that patenting is a
measure, even if imperfect, of the effectiveness
of R&D activities. A key observation is that
patenting in information technology is among

571bid.

Table 5.—Federal and Department of Defense Obligations for Basic Research,
Applied Research, and Development, 1983 (Estimated) (millions of dollars)

Total R&D Basic research Applied research Development

Total Federal
Government . . . . . . . . $42,973.8 100 ”/0 $5,765.2 100.0 ”/0 $7,499.7 100.0% $29,708.9 1OO.OO/o

Department of
Defense . . . . . . . . . . . . $24,519.6 57.1 % $ 782.1 13.60/o $2,543.9 33.9 ”/0 $21,193.6 71.30/0

SOURCE: National Science Foundation, “Federal Funds for Research and Development Fiscal Years 1981, 1962, and 1983,” vol. XXXI,  Detailed Statistical Tables (NSF
82-326) (Washington, DC: U.S. Government Printing Office, 1982), pp. 174, 179, 181, 183, Percentages calculated from data in the table. As cited in Boesman,
“U.S. Civilian and Defense R&D Funding; Some Trends and Comparisons With Selected Industrialized Nations,” Congressional Research Service, Library
of Congress, Aug. 26, 1983.
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Table 6.—Federal and Department of Defense Obligations for Basic and
Applied Research by Field, 1983 (Estimated) (millions of dollars)

DOD as a
percentage of

Total Federal total Federal
funds DOD funds funds

Basic research:
Electrical engineering . . . . . . . . . . $103.8 $71.8 69.1 ‘/0

Computer sciences . . . . . . . . . . . . 73.0 40.0 54.8
Mathematics . . . . . . . . . . . . . . . . . . 100.7 42.6 42.3

Applied research:
Electrical engineering . . . . . . . . . . $520.5 $471.2 90.5 ”/0
Computer sciences . . . . . . . . . . . . 91.5 79.4 86.7
Mathematics . . . . . . . . . . . . . . . . . . 48.5 13.9 28.6

SOURCE: National Science Foundation, “Federal Funds for Research and Development, Fiscal Years 1981, 1982, and 1983,”
vol. XXXI Detailed Statistical Tables (NSF 82-326) (Washington, DC: U.S. Government Printing Office, 1982), pp. 73,
75, 79, 82, 98, 101, 104, 109. Percentages calculated from data in the table. As cited in Boesman.

the most intensive of all technologies. U.S. pa-
tenting of foreign origin68 in all technologies
has doubled in the past two decades to 41
percent—indicating escalating world competi-
tion for U.S. patents in general. A small num-
ber of foreign multinational corporations have
a dominant (but perhaps somewhat diminish-
ing) role in the proportion of foreign-origin
U.S. patents. These “multinationals” empha-
size information technology patents. The over-
all picture derived from this review of patent
data confirms the finding reported in chapter
3 that foreign competition in information tech-
nology is increasing.

U.S. Patent Data

The top 50 electrical patent categories
(ranked by actual numeric growth in the num-
ber of patents) received 8,139 patents during
1978-80 time period (table 7). Within these
categories, semiconductors and circuits ac-
counted for 48 percent and computers 15 per-
cent, respectively. In the computer category,
General Purpose Programmable Digital Com-
puter Systems was the most active, as in pre-
vious years, receiving 632 patent documents.
Miscellaneous Digital Data Processing Sys-
tems received the second largest number of

5aThe  coUtV origin of a patent is determined by the coun-
try of residence of the first named inventor.

Table 7.—Technology Distribution of the
Top 50 U.S. Patent Electrical Categories 1978.80

Percent of
Ranked by actual file growth categories
Semiconductors and circuits . . . . . . . . . . . . 480/o
Computers . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 ”/0
Other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 ”/0
Total number of patents in the

50 patent categories . . . . . . . . . . . . . . . . . 8,139
SOURCE: Tenth Report, Technology Assessment and Forecast, U.S. Patent and

Trademark Office, U.S. Department of Commerce, November 1981,
pp. 16, 24

patents in the electrical category, with 548
patent documents.59

Solid-state devices, integrated circuits, and
transistor categories together account for 24
of the 50 categories in the total ranked by ac-
tual growth from 1978 to 1980.60 The percent
growth in the number of these patents gener-
ally ranges from about 40 percent to 59 per-
cent.61 Solid-state devices account for 8 of the
11 highest growth entries. Lasers, laminag-
raphy, and fiber optics are also among the
information technology segments included in
the high patent growth entries. The two sub-
classes of fiber optics inventions show patent

5Tenth  Report, Technology Assessment and Forecast, Pat-
ent and Trademark Office, U.S. Department of (knmerce,  No
vember 1981, pp. 14-18.

‘Actual growth is the numeric increase resulting from addi-
tions to the patent copies (including cross-reference copies) to
the file in the 3-year period 1978-80, Ibid p. 11.

“Percent growth, as used by the U.S. Patent and Trademark
Office, is computed by dividing the actual growth for the 3-year
period exarnined (1978-80) by actual growth for the 8-year period
(1975-80), and multiplying by 100. Ibid., p. 11.
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growth rates of over 70 percent. The listing,
in fact, is composed almost exclusively of in-
formation technology inventions. Computer
technology patents showed growth rates of
over 70 percent for the 1978-80 period, well
above the average of 46 percent for all tech-
nologies during the same time period.62

There are reasons for caution against gen-
eralizations concerning the use of patent sta-
tistics—e.g., variations in the importance and
the degree of “invention” of different patents;
the propensity (or absence of it) of some com-
panies, and perhaps countries, to patent as op-
posed to using other alternatives-e. g., trade
secrets, or lead times in the market place; the
cost factor as a disincentive to patenting, as
well as concern for antitrust allegations based
on patent dominance; rapid technological
change (making patents of limited value); dif-
ferences in the scope of patent categories that
may give a misleading impression of substan-
tial amount of patenting activity in a broadly
scoped subcategory or vice versa.

Nevertheless, the evidence shown above
clearly seems to support the observation that
the level of patenting for information technol-
ogy in the United States is vigorous and may
be indicative of extensive R&D in this field.

Foreign-Origin U.S. Patents

In 1973 the U.S. Patent and Trademark Of-
fice (USPTO), began detailed documentation
of foreign-origin patent activity through its
Office of Technology Assessment and Fore-
cast (OTAF). One of OTAF’s reports,63 which
is cited extensively in this section, provides
useful background and many important find-
ings on foreign patenting in the United States.
Among the findings are:

1. Because patents obtained in the United
States convey no protection in other coun-
tries and vice versa, inventors tend to pat-
ent in more than one country, and espe-

621 bid., p. 22-26.
etIbid., SW for ex~ple,  Section I, Part IV— “Most Foreign

Active Patent Technologies, ” pp. 27-32, and Section II, Pat-
ent Trends: Foreign Multinational Corporations Patenting
Trends in the United States, pp. 33-46.

2.

cially in countries that represent large
potential markets. As a consequence, U.S.
patent statistics tend to mirror trends in
technological activity worldwide.
Although foreign-origin patenting in all
technologies averaged only 20 percent of
the total U.S. patenting for the years
1963-66, the percentage share has contin-
ued to increase, reaching 40 percent of the
total for the year 1980, and 41 percent for
the 1981 to mid-1983 period.

Figure 5 illustrates the long-term decline in
the number of U.S.-origin information technol-
ogy patents granted in the United States be-
tween 1968 and 1981, and the relative leader-
ship position of Japan compared to France,
West Germany, and the United Kingdom. It
is not clear as to why the total number of U.S.
patents has declined steeply between 1971 and
1980, but the U.S. Patent and Trademark Of-
fice advises that except for Japan, the trend
was worldwide during that period. (Note that
in 1979 a shortage of funds at the Patent Of-
fice limited the number of U.S. patents
granted, artificially lowering the total for that
year).

As shown by table 8, the share of U.S.-origin
patents decreased from 79 to 58 percent of the
total during 1968-81, while the share of Japa-
nese-origin information technology patents
granted in the United States increased from
3 to 19 percent.

The two “top 50” electrical category lists
noted earlier reveal a significant proportion of
foreign-origin U.S. patents in the high patent-
growth categories. Fifty-four of the entries in
both lists show the percentage of foreign ori-
gin to exceed the average of 38.5 percent for
all technologies for 1978-80. This is not sur-
prising, since the high-growth patent subclasses
are pursued by companies in all of the devel-
oped countries.

Table 9 shows the percentage of foreign-ori-
gin U.S. patenting in patent category group-
ings dealing with some components of infor-
mation technology. Three of the five category
groupings examined (two in fiber optics and
one in television) show foreign-origin patenting
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Figure 5.–U.S. Patents in Information Technology, SIC Codes 357, 365, 366, 367

14,000

12,000

11,000

10,000

9,000

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

0

1968 69 70 71 72 73 74 75 76 77 78 79 80 81

Years

SOURCE: U.S. Patent and Trademark Office, Office of Technology Assessment and Forecast.
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Table 8.—Percentages of U.S. Patents Granted in
Information Technology (IT) and in All Technologies (ALL), 1981

United States Japan West Germany United Kingdom France

Year IT ALL IT ALL IT ALL IT ALL IT ALL

1968 . . . . . . 79 77 3 2 5 6 4 4 3 2
1981 . . . . . . 58 60 19 13 8 10 4 4 4 3
1982 . . . . . . NA 59 NA 14 NA 9 NA 4 NA 3
NA—Not available
alnformation  Technology (IT)  here in~l”de~ Slc Codes  357, Office  Computing and Accounting Machines; and 365-367, com-

munication Equipment and Electronic Components.

SOURCES The Office of Technology Assessment and Forecast, US  Patent and Trademark Office, All Technologies Report,
1963-June 1983, and Indicators of the Patent Output of US. Industries (1963-81). IT numbers were calculated from
data developed with assistance from the National Science Foundation, Science Indicators Unit.

Table 9.— Foreign-Origin U.S. Patents in
Some Components of Information Technology

Percent
foreign origin

Title 1/81-6/83

Light transmitting fiber, waveguide, or rod . . . 48.2°/0
Laser light sources and detectors . . . . . . . . . . 50.6°/0
Color and pseudo color television . . . . . . . . . . 52.8°/0
Active solid-state devices, e.g., transistors,

solid-state diodes . . . . . . . . . . . . . . . . . . . . . . 40.80/o
General-purpose programmable digital

computer systems and miscellaneous
digital data processing systems . . . . . . . . . . 34.9°/0

NOTE The percent foreign  origin IS determined by dlwding  the total number of
U S patents granted between January 1981 and June 1983 to foreign.
resident Inventors by the total patents granted in the same time period,
and multlply!ng by 100

SOURCE Off Ice of Technology Assessment and Forecast, Patent and Trademark
Off Ice, U S Department of Commerce

to be significantly higher than the average of
41 percent.

Table 10 shows that in selected telecom-
munications categories, the Japanese share of
foreign-owned U.S. patents ranges from 38 to
56 percent. For all categories of telecommu-
nications, Japanese residents received 45 per-

cent of the foreign origin U.S. patents from
1980-83.64 Figure 6 depicts the shares of U.S.
patents for communications equipment and
electronic components among Japan, West
Germany, and the United Kingdom.

These findings are consistent with comments
from OTA workshop participants concerning
the growing intensity of foreign competition
in R&D. The statistics no doubt understate
the level of foreign ownership of U.S. patents,
since they do not take into account patents of
U.S. origin that are controlled by foreign in-
terests, e.g., patents issued to U.S. residents
or companies that are foreign-owned or for-
eign-controlled, or the inclination of foreign
multinational corporations to patent in other
countries (see section below on Foreign Multi-
national Companies). Even understated, how-
ever, the intensity of foreign influence over
U.S.-patented technology” is clearly signifi-
cant. By way of providing perspective, it

‘Patent Profiles: Tekcomnnmications, Patent and Trademark
Office, Office of Technology Assessment and Forecast, U.S. De-
partment of Commerce, August 1984, p. 15.

b51bid.,  p. 4.

Table 10.—Foreign-Owned U.S. Patents in Selected Telecommunications Classes, 1982

Percent foreign Percent Japanese Percent Japanese
of total of total of foreign

Telephony. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43% 17 ”/0 390/0
Light wave communication . . . . . . . . . . . . . . . . . . . 53 ”/0 20 ”/0 380/o
Analog carrier wave communications . . . . . . . . . . 43 ”/0 240/o 560/o
Digital and pulse communications . . . . . . . . . . . . 40 ”/0 160/0 38%
Telephony–Class 17911  R.l AA: IAT.1 FS, 1 H-1 MF, 1 MN.l SS, 1SW.106, 108 R-I9O
Light wave communications–372/43-59 & 75, 357/17 & 19, 455/600-619, 370/1.4, 350/96.1-96 34
Analog carrier  wave communlcat!ons—455/  l.355
Dlgltal  and pulse communication (excludes I!ght wave, Includes error detection and A/D & D/A conversion) —375/all  subclasses; 371/1-6 & 30-71, 178/all subclasses,

340/347, AD347,  AD.347 SY, 332/9 R-15, 329/104.109

SOURCE Reports prepared by Off Ice of Technology Assessment and Forecast for publication In late 1964
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Figure 6.–Share of Foreign Patenting in the United
States for the Three Most Active Countries in

Selected Product Fields: 1981

Communication equipment
and electronic components

SOURCE: National Science Board, National Science Foundation, Science
indicators—19S2, 1983.

should be noted that some other countries
have an even higher percentage of foreign-
origin patents, e.g., Canada, 93.4 percent; the
United Kingdom, 84.2 percent; France, 67.6
percent. Japan has 16.6 Percent.66

 Patent Statistics,  
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2,000

Foreign Multinational Corporations

Another important OTAF finding concerns
the role of foreign multinational corporations
(FMNCs) in patenting. Taking into account
the relative annual sales of the 10 major FMNCs
and their ranking among the “Fortune 500”
companies, OTAF has found a strong correla-
tion between ranking by patents and sales lev-
el.67 A comparison of the 10 FMNC's patent-
ing with total U.S. patenting for 1969-80 is
shown in figure 7.

In addition to noting that the FMNC's own-
ership of U.S. patents has recently (1980) lev-
eled off to about 5.5 percent, the OTAF study
observes that:

●

●

The 10 FMNCs own or control, on the av-
erage, 4.7 percent of all U.S. patents
granted each year.
The extent of the 10 FMNC's ownership
of U.S. patents doubled from 1969 to
1976–although the rate of increase had
diminished to near zero by 1980.

  Op.   

Figure  Patent Activity of 10 Foreign Multinational Corporations, 1969-80

7.0%

6.00/0

5.0%

4.0%

3.0%

0

1969 70 71 72 73 74 75 76 77 78 79 80

Years
SOURCE: Tenth Report, Technology Assessment and Forecast, Patent and Trademark Office, U.S. Department of Commerce, November  p. 
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● More recently, (1979-80) the percentage an indication of the concentration of foreign-
of U.S. patents granted to the 10 FMNCs
has begun to decline in proportion to total
foreign origin U.S. patents suggesting a
diminished role in ownership of U.S. pat-
ents for these particular FMNCs.

The trend, while changing, shows that about
one in every eight U.S. patents of foreign origin
is owned or controlled by only 10 FMNCs68—

owned U.S. patents by a few multinational
firms.

These statistics further confirm the testi-
mony of OTA workshop participants concer-
ning growing foreign competition in informa-
tion technology R&D, and the observation
that other countries have developed national
policies and programs that target information

—.—. ——
6aIbid. ((_J’I’AF Study), P. 40.

A Synthesis:

technology.

The Changing U.S. R&D Environment

Some measures, such as investment in R&D
and growth in profits, indicate that R&D in
U.S. information technology is vigorous. Other
measures, such as competition in advanced-
technology products and foreign ownership of
U.S. patents, indicate a less robust situation.
Thus, although information technology re-
search and development is making marked ad-
vances, it is—at the same time-undergoing
pressure from foreign competition. In response
to the pressure, the participants in the R&D
process are initiating a variety of changes.
These changes are discussed in later chapters
of this report.

Industry continues to invest heavily in in-
formation technology R&D–an indication of
its belief in R&D’s importance to competitive
ness. The increasing costs of R&D are mak-
ing new institutional arrangements such as
joint research ventures and closer ties with
universities more attractive. However, indus-
try experts recognize that although R&D is
necessary to competitiveness it is not suffi-
cient to ensure it; other components of the in-
novation process are also important to main-
taining competitiveness in international trade.

Universities are encouraging new institu-
tional arrangements with industry, and the im-
portance of their role in the R&D process (par-
ticularly in performing basic research) maybe
growing. There are widespread problems re-
lating to both the quantity and quality of uni-
versity equipment and facilities for conduct-
ing information technology R&D, although
these conditions may be improving. Some
State Governments have become active in
helping their universities to improve research
capabilities and in encouraging university-
industry pairings (see ch. 6).

Finally, the Federal Government has adopted
policies intended to encourage private sector
investment in R&D and to facilitate the trans-
fer of technology from Government to indus-
try. The Federal Government’s (especially
DOD’s) expenditures for information technol-
ogy R&D are growing rapidly and continue to
have a strong influence on the direction of
technological development in some informa-
tion technology areas.
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Observations

Some useful observations can be made based
on the changes taking place in the U.S. R&D
environment. First, the growth in foreign
competition-whatever its effect on U.S. jobs
and trade balances for the long term—is stim-
ulating R&D investment, as shown in chapter
9. There has probably not been a time since
the turn of the century when new products and
product improvements have been marketed in
such rapid succession as has been the case
with information technology, nor a peacetime
era when R&D had such a central role in the
affairs of nations.

Second, the U.S. information technology in-
dustry is facing a “new world” of foreign com-
petition. The intensive level of targeted and
well-funded foreign competition is not likely
to decline in the foreseeable future. Each of
our major competitors’ governments believe
in the central importance of information tech-
nology as an essential ingredient for achiev-
ing economic, social, or national security goals,
as well as the penalties-in terms of worsen-

ing trade balances and job losses—associated
with falling by the wayside in the competitive
race. As a consequence, they have established
national policies and programs to enhance
their domestic industrial position.

Third as foreign competition has inexorably
strengthened in the post-World War II era, the
broad margin of error that the United States
once enjoyed has essentially vanished.

The long-term effects of several factors—na-
tional industrial policies, nontariff trade bar-
riers (e.g., prohibiting the import of certain
products or services, incentives for industrial
innovation, interest rates, export controls—
will determine the winners and losers, as na-
tions maneuver to remain competitive. The
United States will need to find ways to moni-
tor its position relative to international com-
petitors and to refine its policies as needed to
keep in step with the changing global R&D en-
vironment.


