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LETTER OF TRANSMITTAL

HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE AND TECHNOLOGY,

Washington, DC, May 6, 1986
To the Members of the Science Policy Task Force:

We submit herewith for your information and review a back-
ground study entitled "The Impact of Information Technology on
Science". This study provides a helpful discussion of this topic
which was included as a separate item on our agenda under the
title the "Impact on Science of the Information Age".

It is widely recognized that the burgeoning growth of a wide
range of new information technologies over the last 25 years has
had wide impact throughout our society including a significant,
and in some cases revolutionary impact on science. It is therefore
natural that, in our review of the future of our national science
policy this important topic should be included as part of our study.

The present background study provides a comprehensive review
of the many aspects of this topic. The background study was car-
ried out by Ms. Jane Bortnick and Ms. Nancy R. Miller of the Con-
gressional Research Service. It is a thorough and highly useful dis-
cussion of the many aspects of the topic.

We commend this background study to your attention, to the at-
tention of the members of the Committee on Science and Technolo-
gy, and to all members of the Congress who have an interest in
this matter and in the future of America science.
MANUEL LUJAN, DON FUQUA,

Ranking Republican Member. Chairman.



LETTER OF SUBMITTAL

CONGRESSIONAL RESEARCH SERVICE
THE LIBRARY OF CONGRESS,
Washington, DC, July 19, 1985.

Hon. DON FUQUA,
Chairman, Committee on Science and Technology,
House of Representatives, Washington, DC.

DEAR MR. CHAIRMAN: I am pleased to submit this report entitled,
"The Impact of Information Technology on Science," prepared at
the request of the Committee on Science and Technology for the
Task Force on Science Policy.

This report provides an analysis of how advances in computer
and telecommunications technology are affecting significantly the
conduct of science. The introduction describes key developments in
information technology, discusses their general impact, and high-
lights future trends. This is followed by a chapter on the impact on
information technology on scientists and research institutions and
a chapter on the impact of information technology on dissemina-
tion and use of research results. The final section focuses on the
role of the Federal Government in this area and identifies possible
questions for congressional consideration.

The report was prepared by Jane Bortnick, Specialist in Informa-
tion Science and Technology, and Nancy R. Miller, Analyst in In-
formation Science and Technology, Science Policy Research Div-
sion. Production support was provided under the supervision of Ms.
Shirley Williams by Ms. Sandra Burr, Ms. Karina Bush, Ms.
Kaseem Hall and Ms. Christine Payne.

We hope that this report will serve the needs of the task force
and appreciate the opportunity to perform this challenging assign-
ment.

Sincerely,

(V)

GILBERT GUDE, Director.
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I. INTRODUCTION

A. BACKGROUND

The Committee on Science and Technology of the U.S. House of
Representatives has embarked upon a major congressional review
of American science policy. The committee established a special
Task Force on Science Policy for the 99th Congress to undertake a
study that would identify key issues and make recommendations
for the future direction of science policy. In December 1984, the
Task Force published its report entitled, An Agenda for a Study of
Government Science Policy.1 "The Impact on Science of the informa-
tion Age" was identified as one of ten agenda items the Task Force is
reviewing as part of the broader science policy study.

The conduct of science is being affected significantly by an "in-
formation age" in which computers and telecommunications play
an increasingly important role. As noted by the Task Force, "this
may lead to new ways of doing research, research on subjects not
previously explored, and may in the long run affect the content
and scope of science as a whole." Specifically, the Task Force iden-
tified three questions for this agenda item that warranted exami-
nation. These are:

1. How will the dissemination and use of research re-
sults be affected by the information revolution?

2. What changes affecting the individual scientist and
research institutions will take place?

3. How should the Government respond to the effects of
the information revolution on science?3

This report was prepared in response to the committee's request
to the Congressional Research Service for a study that analyze
these questions and look toward prospective developments and rele-
vant future policy issues. The report focuses on how the rapid
growth of information technologiesincluding both computers and
telecommunicationshas altend tl.s way scientists conduct re-
search and has opened up new opportunities for scientific inquiry.
The impact on the individual scientist, the research institution,
and the scientific community as a whole are explored with a view
to future trends as well as current practices. The report also high-
lights major public policy questions facing our Government as a
result of this changing environment and identifies areas where ad-
ditional research may be valuable. While it was not possible to ex-
amine fully all aspects of this broad topic, the report attempts to

1 U.S. Congress. House. Committee on '-cience and Technology. An Agenda for a Study of Gov-
ernment Science Policy. Report prepared by the. Task Force on Science Policy. Washuigton, U.S.
Govt. Print. Off., Dec. 1984. 62 P.

2 Ibid., p. 36
3 Ibid.

(1)
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provide a picture of major impacts through illustrative examples of
how information technology is being used in various disciplines.
These examples are indicative of activities throughout the scientific
community and provide some insight into the various advantages,
drawbacks, and new issues brought about by the widespread em-
ployment of information technology in scientific inquiry.

B. TECHNOLOGICAL DEVELOPMENTS

Advancements in computing and communications technologies
enable today's scientist to perform some tasks more efficiently and
others previously not possible. Associated work in such areas as
optics further enhance the capabilities of scientific tools today. A
critical element in this evolution is microelectronics. By the early
1980's the process of very large scale integration (VLSI) enabled
manufacturers to produce integrated circuits containing several
hundred thousand transistors on a single silicon chip. This contin-
ued miniaturizationalong with decreased costhas led to smaller
and smaller computing devices that operate at faster speeds and
has improved memory capacity.4

For more than 30 years, advances in computing technology and
decreases in their costs haire been dramatic. Since Von Neumann's
work in the theory of electronic computers in the 1940s, computing
machines have increased in speed by a factor of one billion and
have become cheaper by a factor of ten million.6 What this means
is that the microcomputers of today are more powerful than the
large mainframe computers of the 1950s and cost only a small per-
centage of their predecessors. Equally significant is the fact that
this trend is expected to continue at least until 1990. If certain phy-
sicial limitations of the silicon chip eventually can be overcome,
then similar improvements in performance may be expected to con-
tinue beyond that time.

These advances make possible a growing array of computers
ranging from microcomputers to supercomputers (computers with
the fastest central processing units and largest memories at a given
time). Definitions of these categories are difficult to sustain as com-
puting power continues to expand. For example, microcomputers
have generally been described as 8 or 16-bit machines that can be
used on a stand-alone basis or as intelligent terminals. However,
32-bit microcomputers are now becoming available leading to a new
category called supermicrocomputers. Other new machines have
earned the labels: supermiris, minisupercomputers, or multis (a
new class c' computers "consisting of 4 to 28 modules, which in-
clude microprocessors, common memories, and input-output de-
vices, all of -which communicate through a single set of wires" 6).
What this illustrates is the rapid development of greater comput-
ing power and the increased variety of equipment available. As a
result, users may select the appropriate machine for their particu-

4 Buzliee, B.L., and D.H Sharp. Perspectives on Supercomputing. Science, v. 227, Feb. 8, 1985.
p. 594.

5 Koshland, Daniel E., Jr , The Computer Issue (editorial), Science, v. 228, Apr. 26, 1985. p. 401.
6 Bel;, C. Gordon Multis: A New Class of Multiprocessor Computers. Science, v. 228, Ap: 26,

1985. p. 463.
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lar needs, may combine different machines to provide new capabili-
ties, or may rely on one machine to perform multiple functions.

In addition, associated advances in storage devices, input and
output devices, and software also are occurring. Optical disk tech-
nology may provide an effective and cost-efficknt answer for stor-
age of enormous amounts of materialboth graphic and digital
because of its high density qualities. For example, "a one-sided 12-
inch digital disk can store between 10,000 and 20,000 pages of text
depending on fineness of resolution required. One side of an analog
disk can store up to 54,000 images. "' Improvements in higher reso-
lution graphics terminals likewise enhance computer output capa-
bilities and increase formats availab'B to researchers.

Although developments in software often lag behind those in
hardware, significant improvements have occurred over the last
decade. Applications software is now commercially available that
performs a wide range of tasks. Further, the end userwhether
scientist, administrator, or consumeris often capable of manipu-
lating data acid modifying programs without the intervention of a
computer professional. A great deal more remains to be done to
expand the "user friendly' qualities of software, but advances in
several areas including so-called "expert systems," may prove bene-
ficial for making systems less difficult to operate. As the costs asso-
ciated with computer hardware have fallen dramatically, the soft-
ware portion of systems has become more significant because of its
dependence on human skills. The ability to develop advanced soft-
ware may prove to be the pivotal element in future systems devel-
opments, particularly in high speed computing and artificial intelli-
gence (AI).

Similar developments in communications technologies are pro-
viding new modes of access to scientific and technical information.
Over the last 20 years significant progress has been made in the
area of satellite communications. When Intelsat I was launched in
1965 it provided 249 telephone circuits or one television channel.
The newest series of Intelsat satellites, the Intelsat VIs, will pro-
vide more than 30,000 telephone circuits and several television pro-
grams.9 As in the case of computer technology, the cost per satel-
lite circuit also has decreased dramatically over the last twenty
years. Adjusted for inflation, current charges are approximately
Y18 of those in 1965.9 Improvements in antennas, power capacity,
spot beams, and broadband processing further contribute to im-
proving satellite facilities and make possible specialized, as well as
general purpose, spacecraft.

Other terrestrial technologies also enhance communications ca-
pabilities to support better information collection and dissemina-
tion activities. Key among these are advances in optical fiber tech-
nology, where lightwaves transmit digitized information through

U.S. Library of Congress. The Library of Congress Optical Disk Pilot Program. Library of
Congress, Washington, p. 1.

° Intelsat Annual Report, 1983. International Telecommunications Satellite Organization,
Washington, D.C. p. 13.

U.S. Congress. Senate. Committee on Foreign Relations. Subcommittee on Arms Control,
Oceans, International Operations, and Environment International Comr.iunications and Infor-
mation Policy. Hearings, 98th Cong., 1st Sess., Oct 19 and 31, 1983. Washington, U.S. Govt.
Print. Off., p. 147.

10
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hair-thin glass fibers. Optical fibers offer several advantages over
conventional capper wires including greater bandwidth capacity,
high reliability of data transfer, greater transmission security,
large repeater spacings, small size and weight, and enhanced ilexi-
bility. The TAT-8 transatlantic fiber optic cable scheduled to begin
service in 1988, for example, will provide about 40,000 two-way
voice channels. This compares to 48 voice channels in earlier trans-
atlantic coaxial cable systems installed in 1955 and 1956, and to
4200 voice channels in the most recent transatlantic coaxial sys-
tems installed in 1976 and 1983.10

These advances in computer and communications technologies
are impressive individually. Howevar, their combined capabilities
are even more significant since they open up a broad spectrum of
new facilities, systems, and services. As stated in one article on the
merger of information technologies:

Information technology today involves very large-scale
integrated circuits, advanced computer architectures, com-
plex microprocessors, new ways to store data, digital com-
munications and fiber optics, and the high-level integra-
tion of an increasing number of diverse systems. All these
areas are increasingly interdependent: before long, it will
be impossible to talk of one area in isolation."

Telecommunications networks are being made increasingly effi-
cient through the addition of digital switches that are computer
controlled. These networks provide communications not only
among machines, but also among their users. The rapid prolifera-
tion of microcomputers has enabled significantly larger numbers of
scientists to connect into networks, access remote databases and
computing facilities, transmit data, and communicate among each
other. Increasingly distance is becoming irrelevant as communica-
tion becomes common using both local and long-haul networks.
Greater possibilities for international networking may be expected
as satellites and fiber optics continue to offer more channels of
communication.

C. CURRENT IMPACT AND FUTURE TRENDS

The preceding section on technological developments illustrates
the substantial progress that has been made in information tech-
nology over the last few decades. Technological advancement can
be expected to continue for the foreseeable future as new discover-
ics are made and current techniques enhanced. As impressive as
this scenario is, however, the ultimate impact of information tech-
nology on all aspects of society will depend upon a host of factors
that will affect its application. These include such things as social
acceptance; the strength of existing practices and procedures; the
adaptability of the technology to certain environments; the ease
with which the technology may be employed; the support (or lack
thereof) of key institutions; and the constraints of current laws and
regulations.

Kogelnik, Herwig High-Speed Lightwavo Transmission in Optical Fibers. Science, v. 228,
May 31, 1985. p. 1044.

"Information Technologies Race to Merge. Electronics Week, v. 57, Sept. 24, 1984. p. 57.
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In particular, policymakers both in the public and private sectors
will be confronted with choices and required to make decisions that
may have a significant impact on the ability of scientists and
others to utilize fully the capabilities that information technology
offers. Questions of funding levels, regulatory requirements, protec-
tion of intellectual property, standards setting, equity of access,
and international cooperation all may warrant attention. And,
decisionmakers continually may find themselves grappling with
how to fashion institutional frameworks that can accommodate and
support the rapid pace of technological development and its inte-
gration into various societal sectors.

The next two shapters provide significant examples of how scien-
tists are employing information technologies in different research
activities. The types of applications cover a wide range of activities.
They include among other things the use of

Computerized instruments for gathering data;
Remote terminals for accessing dr.tabases;
Computer models simulate real life experiments;
Communications networks to link scientists;
Supercomputers to perform massive calculations; and
Expert systems for analyzing variables.

The impact of information technology is in.portant not only be-
cause it speeds up certain analytical processes, but also because it
opens up new lines of inquiry and makes new methodologies possi-
ble. And, as computing power becomes cheaper and more accessible
through microprocessing, the average scient...st will be able to
accrue the benefits. One example of two scientists who employ a
microcomputer in their daily work illustrates this. In their case
they:

. . use an inexpensive desktop workstation to perform
48-megabit-per second data acquisition, instrument control,
signal processing, statistical analysis, digital image en-
hancement, database storage and retrieval, and color
image animation. On the same system, [he] designs and
lays out printed circuit boards to control hardware used in
his research, writes signal-processing algorithms, typesets
research papers, and corresponds with dozens of colleagues
over international electronic mail xi. 'works. One window
on the screen is logged in to the Cray supercomputer at
Lawrence Livermore National Laboratory for large data
analysis. When their scheduled observation times at Kitt
Peak National Observatory occur, [they] disconnect the
workstation from the university's network, move it to the
floor of the telescope, and use it to control the telescope,
the image acquisition system, and image display system. 12

Such examples as this provide an indication of what role infor-
mation technology can play in scientific research. As two other sci-
entists have stated, what exists now is only the tip of the iceberg.
In their view as computing power increases,

tip
problems

become tractable. More displays, higher resolutions, and greater in-

" Joy William, and John Gage. Workstations in Science. Science, v. 228, Apr. 26, 1985. p. 467.

12
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teractivity will mean that novel ways of using the displays, such as
three-dimensional . . . will become more significant. Increased
sharing should lead to better management and the use of project/
sharing techniques world -wide."13

But, will all, these new capabilities become a reality for the large
majority of scientists or will they be limited to a few at elite indus-
trial or academic laboratories? And, what changes will occur in the
process? American science has long held a preeminent position
internationally. Will information technology serve to maintain and
enhance that role or will barriers to the application of these tech-
nologies hamper our capabilities? How research funds are distrib-
uted, whether technical standards are developed, how the results of
research are disseminated, and if Government policies support
these activities will affect the future use of information technology
in science. The stakes involved are substantial, and as a result pol-
icymakers in Congress and elsewhere have begun to address these
questions.

The growing internationalization of science, as well as increasing
competition from foreign countries, has heightened the awareness
among policymakers and scientists of the need for state-of-the-art
computer and telecommunications technologies. In addition, ad-
vances in some areas of information technologysuch as certain
software d6velopmentsmay be considered so costly and high-risk
that a Federal role may appear justified. Yet, in an atmosphere of
budget austerity it may be difficult to afford all the tools research
institutions and scientists request. As a result, Congress may wish
to explore alternative mechanisms and approaches for providing
scientists with the information technology necessary for conducting
research. For example, indirect support and the involvement of the
private sector may prove to be as significant as traditional funding
mechanisms. Whatever the scenario, difficult trade-offs and deci-
sions may be required as policymakers are confronted with distrib-
uting sarce resources. An understanding of the impact of informa-
tion technology on science and a recognition of the issues involved
will be important for making those decisions.

" Gerola, Humberto and Ralph E. Gomory. Computers m Science and Technology. Early Indi-
cations. Science, v. 225, July 6, 1984. p. 17.

i3



U. IMPACT OF INFORMATION TECHNOLOGY ON SCIENTISTS
AND RESEARCH INSTITUTIONS

A. APPLICATIONS OF INFORMATION TECHNOLOGY IN SCIENCE

In 1950, several years after the development of the first electron-
ic automatic computer, scientists were not using computers on a
routine basis in their research. Scientific processessuch as calcu-
lation, experimentation, recordkeeping, and documentationwere
almost completely manual. The costs associated with computers as
well as the difficulty in designing software limited the early use of
computers in research to complex, repetitive calculations such as
calculation of astronomical tables."

Since that time, computers have become a valuable tool in
almost all phases and fields of scientific research. Steady gains in
computer processing power and memory capacity along with de-
creases in their costs have increased the utility of computers. In ad-
dition, improvements in programming techniques have assisted in
making computers more accessible to scientists. According to an ar-
ticle in Science:

Computers not only have made existing procedures
easier but have led to new ones that were impossible only
two decades ago. This technology . . . affects the way we
think about matters ranging from funding decisions to
how scientists will be able to attack new problems and,
even more important, how they will change their method-
ologies."

Today the uses of computers in science have expanded beyond
their main function as calculators. Computers are used routinely
for: data reduction, presentation, and pattern recognition; compari-
son of theory and experiment; simulation for design; and simula-
tion for prediction."

In addition, scientists employ computers to control instruments
and to collect data directly from the instruments as well as analyze
the data. Early applications of computers in the laboratory in-
volved dedicated computers used with costly instruments such as
X-ray diffractometers. Today, microprocessors have been incorpo-
rated into a wide range of instruments causing the distinction be-
tween separate computer and instrument to disappear.'?

Some significant examples of the uses of computers in science in-
clude the following:

" Streeter, Donald N. The Scientific Process and the Computer. New York, John Wiley and
Sons, 1974. p. 14, 16.

15 Gerola and Gomory, Computers in Science and Technology. Early Indications, p. 11.
' ° Reilly, ED., Jr. Scientific Applications. In Encyclopedia of Computer Science and Engineer

ing. 2d ed. New York, Van Nostrand Reinhold, 1983. p. 1302-1306.
17 Enke, C.G. Computers in Scientific Instrumentation. Science, v. 215, Feb. 12, 1982. p. 785,

786.

(7)
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As an alternative to building physical models of mole-
cules, researchers can use the tool of computer graphics to
visualize the structure of molecules in three-dimension.
One recent article described a microcomputer that has
enough resolution and speed to draw three-dimensional
perspective views of relatively large molecules and to
rotate them in space, although not in real time."

Computer models have been developed which allow re-
searchers to conduct, in simulation, the disintegration of
the current West Antarctic Ice Sheet. Such modeling pro-
vides insight into how the collapse of the Earth's polar ice
sheets might affect worldwide sea level."

Quantum chemists rely on computers to predict proper-
ties of atoms and molecules and the dynamics of collisions
between them. In many cases, quantum chemists can cal-
culate the properties of molecules with about the same ac-
curacy as they can be measured in experiments. Applica-
tions in numerous other areas of research have arisen, in
fields such as solid-state physics and nuclear physics, inor-
ganic and organic chemistry, catalysis, astrophysics and
astrochemistry, pharmacology, biochemistry, and molecu-
lar biology. 20

At several universities and research companies, scien-
tists are designing computer models of biological systems,
and of compounds with complex molecules, that can be
used to obtain data that previously were acquired through
laboratory experiments on animals.21

In sociology, one of the major impacts of the computer
has been on the sizes of samples. A decade ago, a sample
size of 1000 or 2000 was considered large; today because of
the computer, major data sets have been collected with ten
times as many cases. Computers also are used to simulta-
neously examine complex interrelations among many
more variables as well as to conduct simulations of social
processes. Computers thus have promoted scientific, quan-
titative research methods in the social sciences.22

Besides these applications, some researchers have incorporated
one branch of artificial intelligence techniquesexpert systems
into their work. For example, in the late 1960s, Edward Feigen-
baum and his colleagues created the first expert system, DEN-
DRAL (dendritic algorithm). DENDRAL deduces the structure of
organic molecules from mass spectra, nuclear-magnetic-resonance
data, and other kinds of information. Today, this expert system is
used in organic chemistry laboratories throughout the world. Its
use has led to approximately 50 publications in the chemistry liter-

la Kirkland, Earl J Viewing Molecules with the Macintosh. Byte, v. 10, Feb. 1985. p. 251-252.
19 Fastook, James L., and Terence Huges. When Ice Sheets Collapse. ... Perspectives in Com-

puting/IBM, v. 2, Mar. 1982. p. 4.
20 Wilson, Stephen. Chemistry by Computer. New Scientist, v. 96, Dec. 2, 1982. p. 576.
" Angier, Natalie. The Electronic Guinea Pig. Discover, v. 4, Sept. 1983. p. TL
" Heise, David R., and Roberta G. Simmons. Some Computer-Based Developments in Sociolo-

gy. Science, v. 228, Apr. 26, 1985, p. 428, 429.
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ature and has been validated by running analyses on several fami-
lies of compounds."

Another area of leading edge computer technology that has
become increasingly critical in scientific research is large-scale sci-
entific computing or supercomputing. Supercomputersthe fastest
and most powerful computers at any given timeare used for mod-
elling or simulating scientific and engineering problems. These
high-speed "number crunchers" perform numercial calculations
several times faster than the most powerful mainframe computers.

According to a 1983 report by the Federal Coordinating Council
on Science, Engineering and Technology (FCCSET), fields that have
been and continue to be strongly dependent on supercomputers in-
clude: nuclear weapons design; magnetic fusion energy; crypto-
graphic analysis; aerodynamics; integrated circuit design; nuclear
reactor safety; atmospheric research and weather forecasting; as-
trophysics; inertial confinement fusion; molecular biology and
chemistry; and fundamental physics research.24 Although most sci-
entific computations can be performed with less powerful comput-
ers, many research problems in these fields only can be handled
with large-scale scientific computers.

Scientists are at the forefront in demanding more powerful su-
percomputers. At a recent hearing on supercomputers held by the
House Committee on Science and Technology, witnesses testified
about the need for supercomputers In several areas of research. For
example, one witness stated that future supercomputers will be im-
portant in the area of atomic and molecular physics with applica-
tions to the properties and design of materials. According to his
testimony:

All present supercomputers are hopelessly inadequate
for solving such problems; if one learns how to solve these
problems on future machines, the payoff could be spectacu-
lar. Experimental physics, chemistry, and biology have not
even scratched the surface of the totality of chemical and
material substances that could be industrially impor-
tant. . . .25

Another witness described the importance of supercomputer
modeling in magnetic fusion energy and energy research programs.
According to his statement:

. . as the fusion program has advanced rapidly in the
last few years . . . computational requirements for accu- .

racy and realism have increased to the point that Cray 2
[a state-of-the-art supercomputer recently introduced by
Cray Research Corporation] capabilities and beyond are
required. . . . It is not possible to define a performance
level that represents the ultimate capability for fusion

23 Lenat, Douglas B. Computer Software for Intelligent Systems. Scientific American, v. 251,
Sept. 1984. p. 209; and Duda, Richard 0., and Edward H. Shortliffe. Expert Systems Research.
Science, v. 220, Apr. 15, 1983. p. 264.

" U.S. Executive Office of the President. Federal Coordinating Council on Science, Engineer

Government
and Technology (FCCSET). Report to the FCCSET Supercomputer Panel on Recommended

Actions to Retain U.S. Leadership in Supercomputers. Washington, 1983. p. 6.
35 U.S. Congress. House. Committee on Science and Technology. Federal Supercomputer Pro-

pmms and Policies. Hearing, 99th Cong., 1st Sess., June 10, 1985. Washington, U.S. Govt. Print.
Off., 1985. p. 116-117.
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studies. . . . It is safe to assert that the fusion computing
community can effectively use the best performance that
the supercomputer manufacturers are capable of providing
for the forseeable future.29

In another example, the witness described the need for a more
powerful supercomputer to achieve turn-by-turn simulation of po-
tential designs for the new Superconducting Super Collider acceler-
ator currently in conceptual design. the integrated time needs for
this application are CPU (central processing unit) times measured
in Cray 1 equivalent years."

During the past '30 years, computer technology has become a
powerful tool for investigating scientific systems. As summarized in
a Scientific American article:

The introduction of the computer in science is compara-
tively recent. Already, however, computation is establish-
ing a new approach to many problems. It is making possi-
ble the study of phenomena far more complex than the
ones that could previously be considered, and it is chang-
ing the direction and emphasis on many fields of science.
Perhaps most significant, it is introducing a new way of
thinking in science . . .28

Similarly, the merger of computer and telecommunications tech-
nologies into networks has become an integral part of scientific re-
search. Besides providing capabilities such as electronic mail, com-
puter networks have further expanded the use of computers by sci-
entists. A computer network is a collection of computers called
"hosts" that can communicate with one another. A host can range
from a large supercomputer to personal computer workstations.
Two types of networks include local and long-haul. Computer net-
works increase scientific computing resources by permitting users
in remote locations to access a distant computing facility. In addi-
tion, networks facilitate the sharing of programs and data and en-
courage collaboration among users of the network.29 (Additional in-
formation on computer networks in science appears in section III.)

B. IMPACT ON SCIENTISTS AND RESEARCH INSTITUTIONS

In many ways, the impact of computers on scientists has been
positive. Computers have improved productivity of research tech-
niques and have established new approaches to many problems.
Further, advances in informa4ion technology along with decreases
in costs are making the use of computers in science both feasible
and affordable. For example, today, scientists can use relatively in-
expen-ive desktop workstations to perform data acquisition, instru-
ment control, signal processing, statistical analyses, digital image
enhancement, database storage and retrieval, and color image ani-
mation. In addition, workstations can be connected with other

" bid., p. 133.
" Ibid., p. 137.
" Wolfram, Stephen. Computer Software in Science and Mathematics. Scientific Amencan, v.

251, Sept. 1984. p. 203.
29 Denning, Peter J. The Science of Computing. Computer Networks. American Scientist, v.

73, Mar.-Apr. 1985. p. 127.
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workstations, mainframe computers, supercomputers, and remote
networks.s°

At the same time, this technology has placed new stresses on
both researchers and institutions. Difficulties in areas such as
funding of equipment, equal access by students and researchers,
eduction and training, and R&D in advanced computer technology
may require attention by policymakers to ensure that the maxi-
mum benefits of this technology accrue to all segments of the scien-
tific community.

1. EVOLUTION OF THE COMPUTING ENVIRONMENT FOR RESEARCH

The use of modern computers in scientific and engineer-
ing research spans a period of only three decades, but it
has been a dynamic period in which profound changes
have taken placeand clearly the end b not in sight.31

During the 1950s and 1960s, universities began establishing
campus computing centers to support research and education. Al-
though the institutions provided the bulk of the costs, Federal sup-
port often was the critical factor in deciding to establish or upgrade
a computing facility." Federal agencies also began building com-
puting facilities. For example, the Atomic Energy Commission en-
couraged use of computers to manage large scale experimental fa-
cilities and data reduction in high energy physics. Other Federal
entities which established computing facilities include the Depart-
ment of Energy, the National Aeronautics and Space Administra-
tion (NASA), and the National Institutes of Health, as well as the
scientific computing facility within the National Center for Atmos-
pheric Research (NCAR) which was organized by the National Sci-
ence Foundation (NSF).33

In the late 1960s, the Defense Advanced Research Projects
Agency (DARPA) of the Department of Defense (DOD) implement-
ed the first long-haul computer network. The ARPANET was a pio-
neering research effort into packet-switching network technology.
The first host computers were those located at universities and in-
dustrial research institutions that were part of the DARPA re-
search program in computer science. Today the ARPANET hosts
over 200 computers at nearly 100 universities, Government labora-
tories, and private research firms. Spin-offs of ARPANET technolo-
gy include commercial computer networks such as Telenet, and
NSF's Computer Science Research Network (CSNET).34

in the 1970s, the advent of minicomputers, along with supermini-
computers and microcomputers, also boosted the computing re-
sources available to scientists. The increased availability of more
affordable computing tools along with the practice of Federal agen

"Joy and Gage, Workstations in Science, p. 467.
"U.S. National Science Foundation. A National Computing Environment for Academic Re,

search. Washington, 1983. p. 3.
321bid., pp. 3-4.
"Ibid., p. 4.
34 Newell, Allen, and Robert F. Sproul!. Computer Networks. Prospects for Scientists. Science,

v. 215, Feb. 12, 1982. p. 846, and US. Executive Office of the President. FCCSET. Report to
FCCSET Supercomputer Panel on Recommended Government Actions to Provide Access to Su
percomputms. Washington, 1983. Appendix A.
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cies not to support the full cost of computer time led to decentrali-
zation of campus computing."

2. FEDERAL SUPPORT FOR INFORMATION TECHNOLOGY

By the early 1970s, computers had become a critical tool in scien-
tific research. The Federal Government had accelerated the cre-
ation and growth of computing facilities at universities through 14
years of financial support primarily by NSF." One study reviewed
reports which stressed the value returned to the Nation from the
1960s NSF capital investment program. The programwhich en-
couraged the introduction of computers into higher education by
providing matching acquisition fundshad the following accom-
plishments:

American research capabilities improved through the
initial use of the new tool, the computer;

Striking innovations in computing in universities led to
major products such as timesharing, networks, and new ar-
chitectures; and

Wide use of computers in higher education provided
qualified graduates for industry and Government."

In addition to the NSF support, several Federal agencies began
establishing national computing resources to support research in a
specific discipline. Examples of such centerswhich can be ac-
cessed from remote' locations via networksinclude the NSF-sup-
ported National Center for Atmospheric Research and the Energy
Department's Magnetic Fusion Energy Computing Center (MFECC)
at Lawrence Livermore National Laboratory (LLNL).38

In the early 1970s, however, NSF stopped funding academic com-
puting and researchers began to tailor their work to the facilities
available. According to the Fourth Inventory of Computers in
Higher Education conducted during 1977, to stabilize the finances
of campus computer centers, many university administrators dis-
continued acquiring additional computers or stopped the flow of re-
search dollars to off-campus facilities. "Thus university computing
for research entered a period of very slow growth that only recent-
ly has begun to change.'39

A 1981 review of the four inventories of computers in higher edu-
cation between 1966-67 and 1976-77 revealed that although fund-
ing for computing in all applications increased, there was a decline
in Federal funding (not considering inflation or advances in com-
puting power per dollar). While the amount of Federal funds spent
on computers in higher education remained approximately the
same at $80 million per year (with no corrections for inflation), the

35 U.S. National Science Foundation. A National Computing Environment for Academic Re-
search, p. 4.

36 Lykos, Peter Changes in Research Computing in Higher Education. In The Fourth Invento-
ry of Computers in Higher Education. An Interpretive -Report, ed. by John W. Hamblen and
Carolyn P Landis. (Hereinafter referred to as the Fourth Inventoryl EDUCOM Senes in Com

ping and Telecommunications in Higher Education. Boulder, Colo., Westview Press, 1980. p.
127.

"Gillespie, Robert G. and Deborah A. Dicer°. Computing and Higher Education. An Acci-
dental Revolution. NSF Grant # SED-7823790. Washington, NSF, 1981. p. 9.

36 Lykos, Changes in Research Computing in Higher Education, p. 143-144.
39 Ibid., p. 127-128.
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percentage of Federal support decreased form 28 percent to 7 per-
cent. Some additional Federal investment, however, was contained
in individual program budgets where minicomputers and micro-
computers were part of laboratory facilities.4°

The study also found that the fastest growing segment of comput-
ing in higher education was not for instruction or research but
rather fcr administration. In 1981, over half of the current expendi-
tures were for administrative purposes.41

Computer networks can enhance scientific research by making
resources available to an increased number of scientists or by aug-
menting existing computer resources. A 1981 NSF report entitled
"Prospectus for Computational Physics" stressed other advantages
of computer networks. It noted that:

A network provides economies of scale in software devel-
opment;

A network allows scientific collaborations on computa-
tional projects between participants who are physically
remote from each other;

A network gives the user a choice among a variety of fa
cilities that may be more suitable to his problem than the
facility he happens to be physically closest to; and

A network allows researchers at smaller universities to
r: pat icipate on an equal basis with larger institutions.42

According to the Fourth Inventory, although networks have re-
ported growth, institutions reported a small volume of use. In addi-
tion, the report stated that networks likely will never supply the
bulk of computing to colleges a id universities. However, even
though a large percentage of computing can be performed by ma-
chines that are located on-site the remaining few-percent cannot be
ignored.43

From 1968 to 1972, NSF encouraged computer sharing by sup-
porting the development of 25 computer networks and assisting in
the expansion of others. These were general-purpose regional net-
works. Although some of the 25 centers still exist, many of ther
survived only as long as the NSF funding.44 In 1981, NSF began
supporting CSNET to serve computer science researchers, and in
1984, the agency announced plans for SCIENCENET (currently
known as the NSF National Network or NSFnet) to connect the
new Advanced Scientific Computing Centers.45 In addition, NSF
supports the computing facility at the NCAR. NCAR has provided
computational services to the atmospheric science community for
more than 20 years. Currently, the computing facility serves ap-
proximately 500 on-site users and 1500 to 2000 remote users."

" Gillespie and Dicaro, Computing and Higher Education, p. 16-17.
41 mid., /3. 3.
42 U.S. National Science Foundation. A National Computing Environment for Academic Re

search, p. 15-16.
" Mosmann, Charles. Networks and Special Service Organizations. In the Fourth Inventory.

p. 185-186.44Thic 171.

42 Barney, Clifford. CSNET Unites Computer Scientists. Electronics, v. 55, Oct. 20, 1982, p. 97
98, and telephone conversation with Dennis Jent..ngs, NSF, 6;28,'85. For additional information
on the Advanced Scientific Computing Centers, see section IIC, p. 16.

44 Telephone conversation with Gary Jensen, NCAR, Mar. 21, 1985.
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Other Federal agencies also support discipline-oriented network
services. For example, the Department of Energy's Los Alamos Na-
tional Laboratory (LANL) Computing and Communications Divi-
sion serves approximately 5,000 users in LANL and some 2000
remote users. The LANL facility primarly is used to support the
nuclear weapons program. The Magnetic Fusion Energy Computer
Center at LLNL provides computational services to approximately
2000 users at more than 30 remote locations. In addition, NASA
plans to provide remote access to the Numerical Aerodynamic Sim-
ulator (NAS) facility which is scheduled to be fully operational by
1986. This supercomputer facilitywhich will be used to solve aero-
dynamic and fluid dynamic problemswill be available to users
from NASA, DOD, other Government agencies, industry, and uni-
versities.47

During the 1950s and 1960s, the Government promoted and sup-
ported the growth of computing in research. In the 1970s, however,
the Government reduced support for higher education computing
facilities and academic facilities fell behind industrial laboratories
in computing resources for research including minicomputers,
workstations, etc. as well as supercomputers.48 In the area of local
facilities, the NSF Working Group on Computers for Research con-
cluded that:

A large gap exists between need and available support
for minicomptiters, attached processors, workstations, high
precision graphics, local arca networks and other local fa-
cilities required as part of the researchers' and graduate
students' daily working environments.49

The Group recommended that NSF provide assistance in four
areas:

Increase support for local computing facilities;
Support supercomputer services and access thereto for

academic scientific and engineering research and educa-
tion;

Assist with the formation and use of appropriate com-
puter communications networks; and

Support academic research in advanced computer sys-
tems design and computational mathematics to improve
our computational capability for solving problems beyond
the reach of current supercomputers.89

3. RECENT UNIVERSITY/INDUSTRY RELATIONSHIPS

In recent years, there has been a trend toward expanded ties be-
tween computer manufacturers and universities. Universitiesin
an attempt to enhance educational and research programshave
entered into agreements with industry to Lbtain computer equip-
ment at discount prices and to secure the opportunity to perform

"U.S. FCCSET Report to FCCSET Supercomputer Panel on Recommended Government Ac-
tions to Provide Access to Supercomputers, Appendix A.

4° U.S. National Science Foundation. A National Computing Environment for Academic Re-
search, p. 5.

49 p. 1.
" Ibid., p. 15.

21.



15

research in computer technology. Computer companiesmotivated
by a desire to tap university research expertise and to increase
computer applications, as well as to capture the student market
under the concept of "brand loyalty"have sought expanded coon-
eration with colleges and universitia. In addition, companies have
taken advantage of the 1981 changes in the Federal tax code which
make it advantageous ibr firms to donate new equipment to
schools, provided that the equipment is used for basic research."

In a time when computers increasingly are being viewed as a val-
uable tool for both instruction and research, such ,,rrangements
appear to offer administrators of post-secondary institutions an at-
tractive means of obtaining donations of computer equipment and
research contracts. At the same time, some observers in universi-
ties have expressed concerns raised by these alliances to industry.

Examples of these university/industry agreements include the
following:

A $35 million grant from Digital Equipment Corporation
(DEC) to the University of Houston to establish a comput-
er network that eventually will link as many as 20,000
computers in the schools four campuses and the homes of
its students, 91 percent of whom commute to class.

A commitment of $50 million and two teams of special-
ists by International Business Machines (IBM) and Digital
Equipment Corporation to the Massachusetts Institute of
Technology's (MIT) Project Athena, an effort to design and
build a computer network in which different terminals
from the two companies can communicate; the local area
network eventually may link as many as 3000 terminals.

A $20 million research contract from IBM to Carnegie-
Mellon University (CMU) to develop a prototype distribut-
ed computer network to link personal workstations and a
central computing facility on campus. The 1982 agreement
called for the establishment of an Information Technology
Center at CMU with funds, equipment, and some person-
nel to be supplied by IBM.

A consortium of 24 universities formed by Apple Com-
puter Corporation to allow students to buy their own Mac-
intoshes at about 60 percent below normal retail price; re-
searchers at universities in the group will develop educa-
tional software for the Macintosh.52

Such arrangements have raised certain concerns among some
university officials, faculty members, and researchers. Although the
computer industry traditionally has maintained close ties to universi-
ties, in recent years, some college officials claim that the relationships
have shifted. In the past, corporations funded more general re-
search and any products were secondary. Some current research

Laberis, Bill. Vendor Gifts to Universities. Better to Give or Receive? Computerworld, July
25, 1983. p. 1, .3.

52 Gwynne, Peter Computers are Sprouting in the Groves of Academe. Technology Review, v.
87, Oct. 1984. p. 19-20; Sanger, David E. Computer Work Bends College Secrecy Rules. New
York Times, Oct. 16, 1984. p. Al, D5, Sanger, David E. Wiring M.I.T. for Computers. New York
Times, Feb. 17, 1984. p. DI, D3, and Carnegie-Mellon to Develop Prototype Computer Network.
Perspectives in Computing/IBM, v. 2, Dec. 1982. p. 49.
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contracts call for specific products which the company either will
own or hold the rights to market."

Another area of concern involves the academic freedom to pub-
lish results from research projects. Universities are making excep-
tions in some instances to prohibitions against secret research on
campus to help develop products for industry. For example, accord-
ing to a Carnegie-Mellon official, CMU has created barriers to the
interchange of information in order to be able to use advanced
equipment. The university, however, will be allowed to publish the
results of their work after the company has reviewed articles to
remove any proprietary data." Some critics contend that this
trend results in faculty members giving priority to protecting com-
panies' trade secrets rather than promoting information dissemina-
tion. Others claim that it is a trade-off necessary to gain equipment
and impartial resource.57

The agreements between universities and industry have raised
additional concerns. A problem of equal access to equipment for all
students could arise if computer companies decided to associate
only with the more prestigious institutions that can best serve
their technical and marketing needs. Further, if colleges become
captive to a specific manufacturer, in the long run they may find
themselves committed to an inadequate computer infrastructure.56
Other issues focus on: the erosion of the educational goals of teach-
ing and research; erosion of giving faculty members their choice of
questions to pursue; and maintaining the university as a credible
and impartial resources'

C. STATUS OF LARGE-SCALE SCIENTIFIC COMPUTING: A CASE STUDY

The current debate over the status of large scale scientific com-
putingor supercomputingin the United States illustrates the
types of issues that policymakers may need to resolve in the future
concerning the impact of information technology on science. Super-
computers are viewed as being increasingly critical to the Nation's
economy and national security as well as to scientific research.

In recent years, many observers have become concerned over
how to preserve U.S. leadership in supercomputing technology. Al-
though supercomputers represent only a small segment of the com-
puter market, the advances made in this area of leading-edge tech-
nology traditionally nave been incorporated into both commercial
and defense products. In scientific research, many experts claim
that a growing number of problems only can be handled by state-
of-the-art or future generations of supercomputers.

During the past few years, several reports by expert panels have
cited problems arising from inadequate access to supercomputers
by researcherc and students. According to a FCCSET committee
report, the leading :....xpercomputer of the early 1970s was the Con-
trol Data Corporation 7600; however, none were installed at U.S.
universities. By 1983, only three U.S. universities had on site state-

53 Sanger, Computer Work Bends College Secrecy Rules, p. D5.
54 Ibid., p. Al, 1)5.
55 Ibid.
66 Gnnne, Computers are Sprouting in the Groves of Academe, p. 25, 26.

McCartney, Laton. Academia, Inc. Datamation, v. 29, Mar. 1983. p. 122-123.
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of-the-art supercomputem." Further, although Federal agencies
such as NASA and DOE acquired supercomputers during the 1970s,
they were used primarily for mission-oriented research. Mean-
while, colleges and universities had difficulty in maintaining exist-
ing computer facilities."

Many researchers also have expressed concern over the need for
expanded research and development (R&D) to produce future gen-
erations of supercomputers. In part, the calls for increased R&D
have been prompted by announcements of foreign efforts in leading
edge computer technology, in particular Japan's National Super-
speed Computer Project. In addition, many experts claim that ex-
isting supercomputer technology has reached its limits, and that
future progress will require significant advances in parallel archi-
tecture, component technology, and associated software.

Since the early 1940s, the speed of computation that can be
achieved in the fastest computers available at any given time has
increased by approximately seven orders of magnitude; in this
decade, however, the projected performance increases available
from faster components appear to be limited to at most one order
of magnitude." According to a recent article in Science, the
number of users and the difficulty and range of applications have
been increasing at a higher rate than the dramatic increase in
computer performance. Currently, "demands for greater perform-
ance now far outstrip the improvements in hardware." As a result,
difficult problems generally are undercomputed relative to scientif-
ic requirements.61

Concerns over the lack of access to present generation supercom-
puters by researchers and over competition to U.S. leadership in
this technology have prompted many scientists to call for an ex-
panded Federal role. Traditionally, the U.S. Government has pro-
vided support for supercomputers through R&D funding and pro-
curement. For the current generation of supercomputers, the Gov-
ernment has stimulated development directly by purchasing or
leasing a significant percentage of installed state-of-the-art ma-
chines.

One of the early advocates of an expanded Federal role was the
Panel on Large Scale Computing in Science and Engineering (or
the Lax Panel) sponsored by DOD and NSF in cooperation with
NASA and DOE. In December 1982, the panel issued a report
which recommended a federally coordinated national program to
increase access for researchers to supercomputing facilities. These
recommendations were based on several findings:

The power of current and projected supercomputers was
insufficient to meet existing needs in science and technolo-
gy, both military and civilian.

el U.S. FCCSET. Report to FCCSET Supercomputer Panel on Recommended Government Ac
tiona to Provide Access to Supercomputers. P. 6.

"Waldrop, M. Mitchell. NSF Commits to Supercomputers. Science, v. 228, May 3, 1985. p.
568-569.

80 U.S. FCCSET. Report to FCCSET Supercomputer Panel on Recommended Government Ac
tions to Retain U.S. leadership in Supercomputers, p. 6.

61 Buzbee, B.L., and D.H. Sharp. Perspectives on Supercomputing. Science, v. 227, Feb. 8, 1985
p. 691.
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Important segments of the research and defense commu-
nities lacked effective access to supercomputers. At that
time, with the exception of three universities and a few
Government laboiatories, universities and Federal re-
search installations did not have present generation super-
computers.

Developments in supercomputing technology relied
largely on the work of only two companies, Cray Research
Corporation and Control Data Corporation.

U.S. leadership in supercomputa technology could be
undermined by the Government's retreat from financial
support of large-scale computing in universities, as well as
by Japanese competition.62

In the summer of 1983, a NSF Working Group on Computers in
Research further examined the need for greater access to super-
computers by academic scientists and engineers. After meeting
with 13 scientists, the group recommended that Congress earmark
funds over the next three years to install up to 10 university super-
computer centers and the telecommunications networks to link
them to other schools."

The Office of Science and Technology Policy (OSTP) in the Exec-
utive Office of the President also assessed the issue through
FCCSET committees. In October 1983, two FCCSET committees
studying Government procurea,7nt of supercomputers and super-
computer access sent their findings and recommendations to OSTP.
The procurement group concluded that certain Government re-
search programs required supercomputers with capabilities at least
200 times greater than present generation machines. To reach this
objective, the group proposed that the Government provide an in-
centive to U.S. developers and manufacturers by guaranteeing to
buy at least three of each supercomputer system that meets this
capability.6 4

The FCCSET access committee determined that most researchers
and students in science and engineering did not have access to
state-of-the-art supercomputers and, as a result, were unable to ad-
dress many current research problems. To meet immediate needs,
the committee suggested that existing supercomputer center net-
works be expanded to serve a large number of Government-sup-
ported researchers. To meet long-term objectives, Federal agencies
should design and establish new supercomputer centers and associ-
ated networks as needed."

Another panel which examined the Federal role in supercom-
puters was the Institute of Electrical and Electronics Engineers
(IEEE) Scientific Supercomputer Committee. In a report issued in
October 1983, the committee determined:

"US. National Science Foundation and Dept. of Defense. Report of the Panel on Large Scale
Computing in Science and Engineering. Panel chaired by Peter D. Lax under the sponsorship of
NSF and DOD in cooperation with DOE and NASA. Washington, NSF, 1982. p. 7-9.

43 US, National Science Foundation. A National Computing Environment for Academic Re-
search, p. 16-17.

44 U.S FCCSET Report to FCCSET Supercomputer Panel on Recommended Government Ac-
tions to Retain U.S. Leadership in Supercomputers, p. 4.

" US. FCCSET Report to the F=ET Supercomputer Panel on Recommended Government
Actions to Provide Access to Supercomputers, p. 2-4.
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Without supercomputer leadership, U.S. computer ven-
dors will soon be at a competitive disadvantage. Further,
the frontiers of science and technology often yield only to
the power of a supercomputer. Finally, the applications of
supercomputer to weapons design and to military intelli-
gence . . . are critical to U.S. security."

Tr, maintain U.S. leadership in this technology, the IEEE com-
mittee suggested that the Federal Government make a commit-
ment to scientific supercomputer development with a well defined,
long-range national program. Among other measures, the panel
recommended: direct funding to industry and university laborato-
ries with advanced research programs in hardware and software;
direct support to establish and operate several supercomputer cen-
ters for research, teaching, and applications development; tax in-
centives for supercomputer manufacturers as well as buyers and
users; antitrust relief for industrial and/or university consortia;
and designation of a lead organization to coordinate the roles of the
Federal agencies which are dependent on supercomputer sys-
tems.67

Many of the concerns and recommendations made by tnese
expert panels were reiterated at hearings held in 1983 and 1985 by
the House Committee on Science and Technology.68

The Federal Government has responded to concerns over the
status of large-scale scientific computing through several new intia-
tives. In response to the need for greater access by researchers and
students to state-of-the-art supercomputers, NSF began work in
1984 on establishing_supercomputer centers at universities. In Feb-
ruary 1985, the NSF Office of Advanced Scientific Computing an-
nounced the selection of four institutions that will receive approxi-
mately $200 million over the next 5 years to build and operate
these centers.

The institutionsUniversity of California at San Diego, Univer-
sity of Illinois at Urbana-Champaign, Princeton University, and
Cornell Universityeach will receive $7 million to $13 per year
over the grant period. Each award will have a cost-sharing provi-
sion in which the States, industries, and institutions will contribute
an amount that will approximately double the NSF award. Plans
call for the supercomputer centers to be connected via a nation-.
wide, high-speed network to allow researchers to communicate
with the centers from any location."

In 198' and 1984, other Federal agencies received funding for
new initiatives in the area of supercomputers.7° NASA has begun

" Institute of Electrical and Electronics Engineers. us. Activities Board. Sc.entific Super
computer Committee Report. Washington, IEEE, 1983. p. I.

7 Ibid., p. 2-4.
us. Congres-L House. Committee on Science and Technology. Subcommittee on Energy De

velopment and Applications and Subcommittee on Energy Research and Production. Computers
and Their Role in Energy Research. Current Status and Future Needs. Hearing!, 98th Cong., 1st
Sess. Washington, US. Govt. Print. Off. 1983; US. Congms. House. Committee on Science and
Technology. Supercomputers. Hearings, 98th Cong., 1st Sess. Washington, US. Govt. Print. Oft,
1983, and US. Congress. House Committee on Science and Technology. Federal Supercomputer

Pr
and Policies. Hearing, 99th Cong., 1st Sess.. Washington, U.S. Govt. Print. Oft, 1985.

TraurNational Science Foundation. NSF Selects Four Institutions to be National Advanced
Scientific Computing Centers. NSF Release PR85-12. Washington, NSF, Feb. 26. 1985.

" For additional information, see US. Library of Congress. Congressional Research Service
Supercomputers and Artificial Intelligence. Recent Federal Initiatives. Issue Brief No. IB85105,
by Nancy R. Miller, June 10, 1985 (continually updated). Washington, 1985.
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work on an advanced supercomputer for designing and testing com-
mercial and military aircraft. NASA estimates the cost of the nu-
merical aerodynamic simulator project to be approximately $120
million for FY84 to FY88.

Last year, DOE received $7 million to expand access to supercom-
puters for energy research scientists. Congress also approved $7
million in the energy and water development appropriations for
FY 85 to establish a supercomputer center at Florida State Univer-
sity.

In November 1984, the National Security Agency announced the
establishment of a Supercomputing Research Center. The $12 mil-
lion facility will be built at the Maryland Science and Technology
Center by the Institute for Defense Analyses, the contractor for the
project. The goal of this endeavor is to design and produce a next
genera /ion. supercomputer.

Tn addition, DARPA has launched the Strategic Computing Initi-
ative (SCI). Total funding for the first five years of the program is
estimated to be approximately $600 million. Although SCI will con-
centrate on artificial intelligence R&D, research in parallel com-
puter architecture and advanced component performance will be
important in developing future generations of supercomputers.

In 1984, a panel of U.S. experts assessed these Federal initiatives
as part of a research briefing report under the supervision of the
Committee on Science, Engineering, and Public Policy (COSEPUP);
a joint committee of the National Academies of Sciences and Engi-
neering and the Institute of Medicine. In their study, Report of the
Research Briefing Panel on Computer Architecture, the panel
stated:

Several major Federal initiatives aimed at strengthening
U.S. supercomputer-related capabilities have been
launched and, if pursued along the strongest technical
lines and with due regard for the importance of early and
effective industrial involvement, can maintain U.S. com-
puter preeminence.?

On the other hand, some experts have expressed concern about
the imbalance in the military/civilian funding by the Government
of advanced computer technology. This concern arises from the
large amount of funding intended for SCI, the program which to
date has received the largest amount of funding. The NSF program
has been designed primarily to provide access to high-speed com-
puting tools for the scientific and engineering community rather
than to further research in advanced computing technology or
work on advanced applications. Considering the importance of su-
percomputers and AI to the Nation's scientific and technological
base, Congress may want to examine and monitor these new initia-
tives, as well as analyze the need for additional support for corol-
lary research in software, applications, and computer and informa-
tion sciences.

" National Academy of Sciences. Committee on Science, Engineering, and Public Policy. Re-
search Briefings 1984. Report of the Research Briefing Panel on Computer Architecture. Wash-
ington, NAB, 1984. p. 14.
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III. IMPACT OF INFORMATION TECHNOLOGY ON
DISSEMINATION AND USE OF RESEARCH RESULTS

The growth of information technology continues to have an
impact on how research results are disseminated and used by scien-
tists. The numbr. and breadth of databases that reference scientif-
ic findings and technical reports have grown consistently through-
out the last decade, reflecting a similar growth in scientific and
technical literature. In addition, computers and telecommunica-
tions are increasingly employed at selected stages of the publica-
tion process and scientists may now exchange information via elec-
tronic networks. All of these developments are important to the in-
dividual scientist in terms of access to information critical to the
research process and for scientific communication. In addition,
given the size of the scientific community, the amount of research
conducted, and the number of scientific and technical publications
produced and read each year, the use of information technology for
enhancing the effectiveness oi the scientific enterprise has only
begun to be realized.

As the previous chapter indicated, computing capabilities have
had an enormous impact on scientific advances. Similarly, research
about computers has been and continues to be substantial and
much progress is being made through improved electronics, com-
puter architectures, and programs. These efforts have benefitted
considerably from large Federal programs supporting computers
throughout the Government. The effort devoted to employing infor-
mation technology for communication, document retrieval, and da-
tabase access has not been comparable. While there are selected ex-
amples in some institutions where sophisticated r .4tworking exists,
there is limited funding for experimentation in the area of infor-
mation retrieval and for research dealing with large scale data-
bases and networking. This chapter thus provides through its ex-
amples an indication of the potential to be achieved were electronic
information dissemination activities to be carried out on a broader
basis throughout the scientific community.

A. ELECTRONIC DISSEMINATION ACTIVITIES

I. DATABASES

In 1984 more than 2,800 online databases of various types were
available publicly and that number continues to grow weekly.
These databases may be bibliographic in nature, contain full-text,
provide numeric data, or present pictorial representations. The sub-
jects covered range from specific disciplines to those that are multi-
disciplinary or problem oriented.72 According to Professor Martha

7 Williams, Martha E. Electronic Databases. Science, v. 228, Apr. 26, 1985. p. 445.
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Williams, "scientific word-oriented databases makeup slightly more
than half of the word-oriented databases offered online and more
than a third of U.S. usage . . . is of the scientific databasea." 73

The American Chemical Society (ACS) was a pioneer in the
development of on-line databases with its Chemical Abstracts Serv-
ice (CAS). Beginning in 1961 with its Chemical Titles covering 750
journals, CAS throughout the years has.added several files to its
system and thousands of entries. Today CAS ONLINE includes
access to CA File (bibliographic references and abstracts corre-
sponding to documents in the printed Chemical Abstracts since
1967) and Registry File (records for more than six million sub-
stances cited in the printed Chemical Abstracts including registra-
tion numbers, CA nomenclature, and synonyms). CAS also has
moved to make the full texts of several ACS journals available
online and has established an international scientific and technical
information network (STN International) in cooperation with Fa-
chinformationszentrum Energie, Physik, Mathematik GmbH of
West Germany. CAS is illustrative of the efforts made in other sci-
entific disciplines (e.g. biology, engineering, physics, psychology,
and medicine) to develop online databases that correspond to print-
ed abstracting and indexing publications, and at the same time pro-
vide greatly enhanced search capabilities, more timely information,
and new services.

One large database covering all fields of science is the Institute
for Scientific Information's Science Citation Index (SCI). By provid-
ing references to not only the articles themselves. but also to the
bibliographic citations in the articles, allows researchers to
identify topic relationships missed by subject indexes and to search
forward in time through a given body of literature." Anotivr spin-
off of SCI made possible by computer-based information retrieval
techniques is citation analysis, a method that uses the number of
citations to a particular paper as an indicator of its scientific sig-
nificance or impact:75 Examples of the uses of citation analysis in-
clude: evaluating the research role of individual journals, scientists,
organizations, and communities; defining the relationship between
journals and between journals and fields of study; measuring the
impact of current research; evaluating a nation's research effort;
and helping to decide the outcome of faculty promotion and tenure
debates.7 6

Thus, in some quarters the ability to perform citation analysis
has affected the scientific community by providing a new approach
to evaluating research results. While this has proved useful in cer-
tain regards, some o-raervers contend that citation analysis does not
necessarily provide a valid measure of the quality or impact of a
particular scientific journal or a researcher's work. For example,
they cite the fact that SCI lists only the first author despite the
fact that joint authorship has been increasing in recent years. Fur-

"Ibid., p. 447.
74 Broad, William J. Librarian Turned Entrepreneur Makes Millions Off Mere Footnotes. Sci-

ence, v. 202, Nov. 24,1978. p. 853-854.
78 Ibid., p. 856.
78 Garfield, Eugene. Citation Indexing Its Theory and Application m Science, Technology, and

Humanities. New York, John Wiley & Sons, 1979. p. 62, and Broad, Librarian Turned Entrepre-
neur Makes Millions Off Mere Footnotes, p. 854.
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ther, some good papers may not be referenced because they are
"ahead of their time" or are "obliterated" if it is a commonly
known work.77

Scientific numeric data are those derived from some measure-
ment, observation, or calculation.78 Advances in computerized
measurement methods in all fields of science have led to a dramat-
ic increase in the amount of numeric data available to scientists.
This growth has placed a strain on the traditional distribution
mechanisms of printed scientific literature. Further, the rising
costs of publication may contribute to an increasing dependence by
scientists on information technology to store, manipulate, and
access numeric data.79

Yet, in contrast to the hundreds of scientific bibliographic data-
bases, there are relatively few publicily available online compila-
tions of hard scientific data for use by researchers.8° One major
scientific numeric database is the Chemical Information System
(CIS), originally developed by the National Institutes of Health and
operated by the Environmental Protection Agency (EPA). The
system contains 20 chemical databases, including "physical and ce-
mical properties . . . spectroscopic data . . . biological data . . .

toxicological, regulatory, and environmental data, as well as an
electronic mail service and linkages through the CAS Registry
Numbers to bibliographic databases. . . ." 81 In November 1984,
the EPA discontinued operation of the system and licensed it to
two private sector firms, Fein-Marquart Associates and Informa-
tion Consultants, Inc.

Several other efforts to provide scientific numeric databases also
are underway. Technical Database Services currently is developing
a syziem to supply hard data on physical, thermodynamic, trans-
port, and other properties, and specifications for chemicals, materi-
als, and mixtures.82 ht addition, some databases, such as the TOXI-
COLOGY Data Bank, operated by the National Library of Medi-
cine, contain both text and data. In the materials area, a recent
survey by the Metal Properties Council revealed some 60 online
materials-properties databases in operation worldwide, although
many are narrowly focused on specific classes of materials or prop-
erties.83

The primary Federal activity in the area of evaluated scientific
numeric data has been the work of the Office of Standard Refer-
ence Data (OSRD) within the National Bureau of Standards (NBS),
Department of Commerce. In 1963, OSRD established with limited
funding the National Standard Reference Data System (NSRDS) to
improve access by the U.S. scientific and technical community to
critically evaluated numeric data on the physical and chemical

77 Broad, Librarian Turned Entrepreneur Makes Millions Off Mere Footnotes, p. 856.
78 Lide, David R., Jr. Critical Data for Critical Needs. Science, v. 212, June 19, 1981. p. 1343-

1349.
79 Ibid., p. 1343 and Carter, C.G. Numerical Databases. Their Vital Role in Information Sci-

ence. ASIS (American Society for Information Science) Bulletin, v. 11, Feb. 1985. p. 7.
8° Williams, Electronic Databases, p. 448. Williams notes however, that there are thousands of

"in house, company restricted, and go%errunent,restncted scientific numeric databases in elec-
tronic form . ."

81 Ibid.
82 Ibid., p. 448.
83 Bittence, John C. Property data Bases are Coming Your Way. Materials Engineering, v.

100, Aug. 1984, p. 41.
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properties of substances. Public Law 90-396, the Standard Refer-
ence Data Act, passed by congress in 1968, provided a statutory
mandate for the program. Major NSRDS activities include compil-
ing data, establishing numeric data quality standards, and operat-
ing a national standard reference data center.84 In addition, the
NSRDS program maintains various data centers, each of which has
cognizance over a well-defined ditciplinary area." The Numerical
Data Advisory Board of the National Academy of Sciences, the Na-
tional Academy of Engineering, and the National Research Council
provides guidance to the NBS Office of Standard Reference Data as
well as other Government agencies."

Although handbooks, journals, and other printed formats will
continue to be a major source of scientific numeric data, computer-
based formats offer several advantages: 87

it is easier to maintain currency of a database through
frequent updating;

more sophisticated search strategies are possible;
the data resulting from a search can be put into a com-

putational program for further manipulation without the
need for human transcription; and

storage and telecommunications costs are likely to de-
crease, while all costs associated with printed matter are
likely to continue to increase.

As a result, NSRDS has initiated a program to provide data in
computerized format and plans to expand this capability.88

There are. however, problems associated with electronic storage
and dissemination such as high start-up costs and standardization.
In particular, there is a need for quality assurance of the numeric
data. Some experts have called for a policy similar to the one em-
ployed by NBS for its computerized databases of physical and
chemical properties where documentation is provided for back up
and to explain the evaluation process." The concern over the qual-
ity of numeric scientific databases has led to a debate over the ap-
propriate role of the Federal Government in this area.

According to a 1978 study by the Committee on Data Needs of
the Numerical Data Advisory Board, the level of data evaluation
activities is about one third to one half that needed to carry out
activities planned for the next five years by Federal agencies with
major mission responsibilities that require the use of reliable scien-
tific data." The study Ludo recommended that when a particular
Government mission relies heavily on results from a particular
field of research, responsibility for data compilation and critical

" U S Dept. of Commerce. National Bureau of Standards. Technical Activities 1984. Office of
Standard Reference Data. Dec. 1984. NBSIR 84-2986. p.1.

85 Lide, Critical Data for Critical Needs, p. 1346.
86 Luedke, James A., Jr., Gabor J. Kovacs, and John B. Fried. Numeric Data Bases and Sys-

tems. In Annual Review of Information Science and Technology, v. 12. White Plains, N.Y.
Knowledge Industry Publications (for the American Society for Information Science) 1977. p.
146.

88 Lide, Critical Data for Critical Needs, p. 1347.
88 tide, D. R., Jr. The U.S. National Standard Reference Data System. Computer Physics

Communications, v. 33, 1984. p. 208.
8° Lide, Critical Data for Critical Needs, p. 1348.
°° National Academy of Sciences, Numerical Data Ad isory Board, Committee on Data Needs.

National Needs for Critically Evaluated Physical and Chemical Data. Washington, 1978. p. 1.
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evaluation in that field should be assumed by the agency responsi-
ble for that mission, including support for the data needs of basic
science by the National Science Foundation."

Last year, participants at an NBS-sponsored workshop examined
the impact of information technology on the generation and use of
technical data as well as the barriers that must be overcome in
order to realize the full benefits of these technologies. The group
concluded that NBS has several roles to play, such as preparing
evaluated data-bases and developing predictive models and provid-
ing leadership in establishing validation and quality control proce-
dures for developing the format and interface standards of data-
base management systems. Among other conclusions, the workshop
determined that progress in achieving the advantages of informa-
tion technology in generating, disseminating, and using scientific
and technical data are limited by several factors:

Very few validated machine-readable databases exist
with broad enough coverage to meet the requirements of
the relevant technical community;

Scientific data, with their wide range of formats, impose
special demands on database management systems;

Little standardization has been achieved in the terminol-
ogy for materials, chemical substances, properties, uncer-
tainty indicators, and other data elements; and

The interface between existing data dissemination sys-
tems and the working scientist or engineer is generally in-
efficient and hard to use.92

The growth in databases of all types reflects several trends that
warrant future attention. A number of technological advances cur-
rently emerging may enable users to better exploit information
provided in electronic databases. For example, developments in
expert systems may allow for better search strategies to be em-
ployed and may reduce the need to be proficient in numerous
search languages. Wide-band communications could provide for
more high speed data transmission capabilities. Optical disk and
video disk technology may offer a solution to high density storage
problems, particularly in the case of full-text databases where
there is a problem, incorporating both text and graphics into one
system." As additional journals are prepared electronically, indi-
vidual databases are created by researchers, and research is con-
ducted using computerized instruments, it may be expected that
the volume of data available in some electronic form will increase
substantially. As a result, the development of standards may
become more important so that equipment, data elements, and for-
mats are compatible. In addition, traditional distinctions between
different players (e.g. scientist, publisher, database vendor, equip-
ment supplier) may become blurred. Furthermore, as scientific ac-

91 Ibid., p. 38-39.
9! U.S. Dept. of Commerce. National Bureau of Standards. Office of Standard Reference Data.

The Effect of Computers on the Generation and Use of Technical Data. Rel..ort of a Workshop.
Workshop held at NBS, Gaithersburg, Md., Mar. 19-20,1989. Washington, NBS, 1989. p.2.

93 Tenopir. Carol Full Text Databases. In Annual Review uf Information Science and Technol-
ogy, v. 19. White Plains, N.Y. Knowledge Industry Publications (for the American Society for
Information Science) 1989. p. 235.
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tivities involve more international cooperation and access to for-
eign data becomes more critical to scientific research, the character
of databases may become increasingly international in scope.

2. COMPUTER/TELECOMMUNICATIONS NETWORKS

Networking is now a key component in disseminating informa-
tion, exchanging data, and accessing resources in parts of the scien-
tific community. Combined computer and communications capabili-
ties make possible a wide array of services that support scientific
research and provide access to information and colleagues on a
global basis. As stated in chapter II, networks are important be-
cause they connect both computers and the users of those systems.
A number of major networks already have been described, includ-
ing the ARPANET operated by the Department of Defense that
hosts over 200 computers at various academic, Government, and in-
dustry sites.

While networks are of major concern to scientists requiring
access to computing facilities, they are important as well for their
role in disseminating research results and enhancing communica-
tion araong researchers. Major commercial long-haul networks,
such as Telenet, play a key role as avenues for accessing the major
scientific databases offered by database vendors in the United
States and abroad. A number of specialized networks focused on
specific scientific endeavors also are emerging, such as the NSF-
supported CSNET that serves the computer science community.

The ability of scientists to communicate electronically also is in-
creasing as local area network technologies are improving and be-
coming more cost effective. These local networks may then be
linked to larger networks that operate nationally or international-
ly. Perhaps the most advanced system is at IBM's research facility
at Yorktown, New York where researchers are tied into a world-
wide network that links them with IBM offices around the world.
"The services include electronic mail, file forwarding, and a direc-
tory of users."°4

Electronic mail has become a major attribute of networks
whether local or long-haulcurrently used by scientists. In fact,
"the value of electronic mail came as a surprise to the developers
of ARPANET, who had expected the network to be used principally
for computer-to-computer communication for resource sharing but
found instead that the dominant use was mail." 95 While electronic
mail systems are becoming more prevalent and popular among sci-
entists, the systems often are still awkward to use and have limited
capabilities. Improvements in software and communications proto-
cols may make these systems easier to operate, but it is doubtful
that they will supplant some of the fundamental modes of scientific
communications, such as conferences and person-to-person consul-
tation.

Several examples exist of how computer/communications net-
works have provided opportunities for scientists to advance their
research and give a broader community of researchers access to the

" Gerola and Gomory, Computers in Science and Technology. Early Indications, p. 14.
"Newell and Sproull, Computer Networks: Prospects for Scientists, p. 848.
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latest data. For example, a system called MOSIS has been devel-
oped at the University of Southern California to allow fabrication
of experimental integrated circuits using the ARPANET. In this
case:

MOSIS uses the network to allow a great many design-
ers to share access to fabrication. . . . With MOSIS, the
user communicates directly with . . . remote files and sys-
tems to monitor his progress and check the correctness of
the proceedings. The speed and accuracy of the responses
far exceeds anything he could get through a human inter-
mediary on a routine basis.96

In another illustration, the PROPHET system was developed by
the National Institutes of Health "to support the needs of research
pharmacologists and others working in chemical and biological
interactions." 97 The system:

Provides facilities for maintaining files of chemical
structures, experimental results, and laboratory notes and
has computational tools for reformatting data, analyzing
data, and preparing graphical presentations and so on. The
users of the system may share data files and may use
simple electronic mail and bulletin board tools to commu-
nicate . . . The PHOPHET working environment has fos-
tered some intense collaborations, such as experiments un-
dertaken by three geographically separated groups in the
pharmacology, crystallographic structure, and animal test-
ing of a single chemical compound.98

What these examples show is that while computing power or com-
munications capabilities independently offer considerable support
to researchers, the combination of the two can potentially offer
new ways of approaching problems.

Another area where experiments in scientific communication
have been occurring is in computer conferencing. Experiments in
computer conferencing among scientists were begun in the mid-
1970s, partially with support by the National Science Founda-
tion.99 There are numerous computer conferencing systems now
availableboth public and private. Computer conferencing offers
several advantages, including that participants may be geographi-
cally dispersed and can participate at any number of levels as they
desire. In addition:

The participants can scan titles of entries and read only
those that appear interesting or important. Responses can
be edited and changed at a participant's discretion. Partici-
pants do not have to wait in line to speak, and they are
never interrupted or otherwise prevented from expressing
their views. Because all entries and responses are typed
and saved in a computer file, all the conference proceed-

95 Ibid., p. 849-850.
" Ibid., p. 850.
98 Ibid.
" For an in-depth discussion of computer conferencing see. Kerr, E.B., and Hiltz, S.R. Com-

puter-Mediated Communication System. New York, Academic Press, 1982.
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ings are immediately available to be typeset and published
by traditional means if desired.10°

Computer conferences, however, have certain limitations. Gener-
ally they have been somewhat difficult to operate, particularly for
the novice or occasional user. In addition, the quality of the infor-
mation exchanged by the participants has sometimes been called
into question and has proved to be a major inhibiting factor for
future participation. An evaluation of one recent international
computer conferencing experiment among scientists revealed that
while a large percentage indicated their willingness to participate
in future conferences, they also found several shortcomings in the
system. Specifically:

These scientists were concerned about the lack of contri-
bution by others, the quality of the information that was
presented, and the lack of focus or direction to the confer-
ence. They saw little of value contributed by others, but
were also reluctant to contribute themselves to such an
open conference.'°'

3. ELECTRONIC PUBLISHING

The use of computer technology in publishing continues to in-
crease as publishers explore the potential for distributing material
more quickly and for providing new electronic information services.
While there is definitely a trend toward using computers more in
various stages of the publication process, the arrival of the totally
electronic scientific publication is not yet here.

In the late 1970s King Research prepared a study for the Nation-
al Science Foundation on "Statistical Indicators of Scientific and
Technical Communication." 102 Included in that work was a de-
scription of an "electronic alternative" to publishing scientific
papers through paper-based journals. King described the various
phases of the publication process where computers, would be inte-
>grated, including "sophisticated text-editing systems" for authors,
"joint writing of text through teleconferencing systems," electronic
transmission of the manuscript in digital form to the publisher,
electronic editing, and online peer review of the article. The article
could then' be distributed electronically in several forms ranging
from the printed version to bibliographic references to full-text
available online. King also identified constraints on such system
coming into being, both technological (e.g. standards) and eccnomic
(loss of revenues from subscriptions).'"

Since that time the major factor influencing electronic publica-
tion of scientific and technical papers has been the rapid growth of
microcomputers and word processors. This allows an increasing
number of scientists to prepare their manuscripts in digital form.
In some instances, these articles are then sent to the publisher in

"0 Tombau4h, Jo W. Evaluation of an International Scientific Computer Based Conference.
Journal of Social Issues, v. 40, 1984. p.130.

101 Ibid., p. 129.
102 zung Donald W., Dennis D. McDonald, Nancy K. Roderer. Scientific Journals in the

United States. Their Production, Use, and Economics. Hutchinson Rosa Publishing Co., Stroud&
burg, Pa 1981. 319 p.

1°3 Ibid., p. 308-312.
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electronic form; in others it is necessary for the publisher to re-key
the information into that firm's system. The Association of Ameri-
can Publishers estimates that "the proportion of scientific and
technical documents done with computers has increased from
about 35 percent in 1980 to 60 percent [in 1984]."104

Thus it appears that while publishers are using computers more
in the editing and composition stages of publication and authors in-
creasingly are employing personal computers and word processors
in preparation of manuscripts, the linkage between the two is far
from complete. Some of the problems involved are technological in
nature. "A. major problem lies in the incompatibility of various sys-
tems." 105 Aneher is the requirement of many scientists for cer-
tain "special" characters, such as mathematical symbols. In addi-
tion, there is a lack of standardization identifying the different
parts of a document. "Generalized tagging will identify the struc-
tural parts of the manuscripttitle, chapters, abstract, headings
and footnotesin such a manner that those parts of the text can
be manipulated to produce several products, including a printed
document." 100

Publishers also are addressing some of the problems inherent in
electronic publication and are experimenting with various ap-
proaches. The American Chemical Society (ACS) now offers the full
text of 18 of its research journals online using Bibliographic Re-
trieval Services (BRS). BRS also is .vorking with Elsevier Science
Publishers to produce several scientific journals dealing with phar-
macology and toxicology online. ACS saw several advantages for
making their journals available online. These include:

currency (the file was updated every two weeks);
immediate access to the full article; and
the ability to search the full text rather than only title
words and index terms.107

At the same time, a number of problems remain for electronic
publishing. At present there are technological limitations to provid-
ing graphic along with textual material. Some experimentation is
occurring using videodisks containing related graphics to comple-
ment the text. Further developments in optical disk technology
may offer a more effective solution to this problem. As previously
mentioned, the lack of "standardized languages and the incompati-
bility.of hardware and software among different systems" remains
a major huidle for electronic publishing to overcome.'" Several
legal and economic issues remain as well. Copyright concerns have
been expressed consistently by producers of databases because of
the increasing ease of downloading information onto a microcom-
puter and subsequently using it in other forms or for additional
purposes for which producers will not be compensated. There is
also some concern about the effect of electronic dissemination of

104 Case, Donald Electronic Submission of Manuscripts. The Academic Author's Viewpoint. In
1984 Challenges to an Information Society, Proceedings of the 47th ASIS Annual Merting, v. 21,
1984. p. 177.
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journal articles on scientific and technical journal subscriptions.
According to one source, "now that Chemical Abstracts Service,
which prints abstracts of research papers and patents is offered
electronically, the number of customers not renewing their sub-
scriptions to the printed journal has doubled." 1°9

Another aspect that is of particular concern to the scientific com-
munity is the problem of peer review in electronic publishing. One
firm, Comtex Scientific Corp., several years ago proposed a system
cf online acces to both research data and abstracts. Their approach
was not to have the material peer-reviewed, but rather to base in-
clusion upon acceptance by an editorial board comprised of experts
in various scientific fields."° The willingness of scientists to accept
data that has not been peer reviewed has not been demonstraiktl.
In fact, in the computer conferencing systems described in the pre-
vious section, the lack of peer review was cited as a major short-
coming of this, approach to exchanging information and "publish-
ing" research results. according to one study, "a lack of prestige
for entering information in a conference can be attributed in part
to the fact that submissions are not subjected to any kind of peer
review or editing to insure their accuracy." 111 It appears that
some mechanism for providing peer reviewperhaps by electroni-
cally distributing the information to experts for reviewwill need
to be established before the advantages of electronic publishing
may be fully realized.

B. IMPACT OF ELECTRONIC DISSEMINATION ACTIVITIES

1. FEDERAL SUPPORT

The importance of disseminating scientific and technical infor-
mation in support of scientific research has long been recognized
by the Federal Government. When the National Science Founda-
tion was created in 1950, the exchange of scientific information was
identified as an important aspect of the agency's mission. Follow-
ing the launch of Sputnik I, the important role of science was em-
phasized by policymakers concerned with the U.S. position vis-a-vis
the Soviet Union. As a result, in the later 1950s and the 1960s sever-
al new entities were created, legislation was passed, and studies
were conducted that focused on national science policy and the im-
portance of scientific and technical information dissemination.
These included: the establishment of a Science Information Coun-
cil; the creation of an Office of Science Information Service in NSF;
the preparation of the so-called Baker, Crawford, Weinberg, Green-
berger, and SATCOM reports on science information activities; the
establishment of the Committee on Scientific and Technical Infor-
mation (COSATI) to coordinate the science information programs
throughout the Federal Government; and later, the establishment
of the Office of Science and Technology Policy. 112

1°2 Publishers Go Electronic. Business Week, Juno 11, 1984. p. 85.
10 Tenant, Publishing Scientific Information, p. 54.
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Scientific and technical information (STI) activities continued to
expand throughout the decades of the 1960s and 1970s, although
policy attention to this topic began to decrease by the 1970s. Ac-
cording to the National Science Foundation, between 1960 and 1978
federally funded STI activities increased almost seven times."3
While scientific and technical information continued to be consid-
ered an important activity, broader information policy issues began
to receive greater attention within the Federal Government. In
1971 COSATI moved from the Executive Office of the President to
the National Science Foundation with NSF's Office of Science In-
formation Service taking on administrative responsibilities and
providing staff. COSATI subsequently was abolished one year later.
In 1977, NSF's external Task Force on Science Information Activi-
ties recommended changes in the agency's role in science informa-
tion and information science. Based upon those recommendations,
the Office of Science Information Service was restructured as the
Division of Information Science and Technology (DIST). The focus
of DIST is on supporting research on information as a science
rather than on science information."*

As advances in information technology made possible new tech-
niques for collecting, storing, and disseminating information, new
Federal activities were undertaken to take advantage of these tech-
niques. The National Science Foundation supported some of the
early efforts in developing bibliographic databases for the sciences,
such as the Chemical Abstracts Service. These activities were spon-
sored primarily by technical societies and es they moved into oper-
ational stages and as the private sector began to recognize the
market potential for database services, the role for the Government
in providing direct support diminished.

Several mission-oriented Federal agencies began to employ com-
puters for creating online access to their bibliographic databases in
the early 1970s. In 1971 the National Library of Medicine's online
retrieval system, MEDLINE (MEDLARS On-Line), became oper-
ational offering access to numerous databases covering internation-
al literature in the health sciences. MEDLARS (Medical Literature
Analysis and Retrieval System) has .continued to grow throughout
the years, adding new files and additional bibliographic references
from around the morld. Beginning in the late 1960's, DOE began
developing an online retrieval system for energy information. From
the computerized system today, Energy Research Abstracts, a
number of specialized printed indexes, and online access to almost
five million citations in various energy fields are provided to the
DOE community. In addition, the major Energy Data Base is avail-
able to the public via commercial online vendors. The DOE system
was developed from work on systems done by Lockheed for NASA

gressional Research Service, Library of Congress. Washington, U.S. Govt. Print. Off. 95th Cong.
2d Sess. Dec. 1978. p. 18-23 and US. Congress. Senate. Committee on Labor and Public Welfare.
Federal Management of Scientific and Technical Information (STINFO) Activities. The Role of
the National Science Foundation. Washington, US. Govt. Print. Off. 94th Cong. 2d Sees. Feb.
1976. 103 p.

113 US. National Science Foundation. Federal Funds for Research, Development, and Other
Scientific Activities. Fiscal years 1976, 1977, and 1978. v. XXVI. NSF 78400. Washington, U.S.
Govt. Print. Off. p. 42.

3" U.S. Co . House. Committee on Science and Technology. Scientific and Technical In
formation (STI) Activities: Issues and Opportunities. p. 20-22.
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which also resulted in NASA's online system and the comiercial
spin-off of Lockheed Dialog online bibliographic retrieval service.
The DOE, NLM, NASA, and DOD online systems together repre-
sent availability to well over 90 percent of the results of Federally
sponsored R&D.

The major Government entity providing public access to a broad
range of scientific and technical information is the National Tech-
nical Information Service (NTIS) in the Department of Commerce.
NTIS sells to the public U.S. Government-sponsored research, de-
velopment, and engineering reports, in addition to foreign technical
literature and other reports prepared by contractors for national
and local government. Like MEDLARS, NTIS's database of biblio-
graphic references is available online through commercial database
vendors. NTIS is unique, however, in that it is self-supporting, rely-
ing upon income from sales rather than from an annual congres-
sional appropriation.

While Government agencies have been successful in applying in-
formation technology to their scientific and technical information
activities, they also have increasingly been confronted with the
need to justify their roles in the face of budget constraints, an
active private sector information industry, national security con-
trols on sensitive data, and Government policies that favor reduc-
tions in Government information dissemination activities. At the
same time, there are efforts underway to improve Government sci-
entific and technical databases by increasing the amount of foreign
data and improving the validity of numeric data. Both of these are
areas in which there has been a call for increased Federal support.
These issues will be discussed more fully in the next chapter on the
Federal role.

2. PRODUCTIVITY

The role of information in fostering scientific inquiry is well rec-
ognized. As stated by Dr. Lewis Branscomb, Chief Scientist of IBM:

When accurate, pertinent data are available, work can
proceed. When they are not, work must stop while a re-
searcher invents a different approach, develops (or redevel-
ops) missing data, or experimentally verifies unevaluated
data reported in the literature before daring to commit an-
other period of time and effort on a project that is heading
down a critical path."5

Despite the recognition of scientific and technical information's
critical place in the research undertaking, it has been difficult to
provide quantitative assessments to reflect this. In part, this is due
to the fact that the flow of information is such an integral compo-
nent of the research environment; consequently it is difficult to iso-
late its contribution. Further the economic wide of information is
extremely difficult to estimate, because it may change depending
upon a variety of factors (e.g. user needs or timeliness). As a result,

"gBranecomb, Lewis M. Improving R&D Productivity. The Federal Role. Science, v. 222, Oct.
14, 1983. p. 133.
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little hard data on the value of STI exist to demonstrate what is
widely acknowledged in the scientific community.

Despite these limitations, however, certain anecdotal material re-
flects the contribution made by accurate and timely information to
scientific advancement. In addition, the Department of Energy
(DOE) commissioned a study by King Research, entitled "Value of
the Energy Data Base" to demonstrate how the availability of
energy information contributed to the productivity of scientists
working in energy-related fields.

The King Research study surveyed DOE-funded scientists and en-
gin' eers to illustrate how their reading of scientific and technical
literature led to savings of time and/or equipment. Based upon the
savings reported by those surveyed, the study concluded that ap-
proximately $13 billion could be estimated in future savings to
DOE scientists. According to King Research,

this suggests that an investment of $5.3 billion [DOE's
R&D budget] in the generation of information and about
$500 million (DOE's information processing and dissemina-
tion budget] in processing and usinv information yields a
partial return of about $18 billion in terms of savings to
scientists and engineers in their time and in equipment.II6

Although the specific methodology employed and dollar amounts
cited may be debated, the study provides considerable evit.ence that
the availability of relevant information to scientists and engineers
increases productivity in the R&D environment by eliminating du-
plication of experiments and avc,ding unnecessary costs. The result
is that researchers may then pursue more effective research direc-
tions and channel scarce resources in the most profitable way.

Other examples exist of how database searches in comparison
with manual search techniques may reduce the amount of tune re-
quired to find needed information. As one illustration demon-
strates, it may take only 10 to 15 minutes to search 20 years of
Chemical Abstracts whereas:

Those who have done manual searching know that one
would be hard pressed to pull 20 years of Chemical Ab-
stracts index volumes off the shelf in 10 minutes, let alone
look up just one compound and list the numbers of the ref-
erences that refer to the compound and read the ab-
stracts."7

In 1983 the National Academy of Science's Numerical Data Advi-
sory Board, the Committee on Science and Technolog: of the U.S.
House of Representatives, and the Congressional lksearch Service
cosponsored a workshop entitled, "Towards a National S&T Data
Policy." At that workshop numerous representatives of industry,
government, and academia discussed the importance of scientific
and technical data for solving research questions and the appropri-
ate role of the U.S. Government. I Is Among the examples offered

"'US. Dept. of Energy. King Research. Inc. Value of the Energy Dal Bas,.. US. Dept. of
Energy. Mar. 31. 1982. p. 1.

"'Williams. Electronic Databases. p. 445
"' National Academy of Sciences. Numerical Data Advisory Board, and US. Congress. House.

Committee on Science and Technology. Tmards A National S&T Data Policy (c-ollected presen
tations at a workshop, Apr. 14. 1983) Washington, NDAB (1983). 129 p.
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well several by Dr. Hollis Caswell, Laboratory Director, IBM Corpo-
ration. In one case, Dr. Caswell stated that in trying to solve
memory errors in computer systems, researchers discovered that
nuclear particles on semiconductors were at fault. The availability
of a symposium paper this topic "saved the computer industry
Much effort since, once the problem was identified, solutions
evolved rapidly." 119

la another case, William F. Brown, Jr. a consultant to NASA
gave a list of hardware failures traceable to inadequate databases.
He also cited the situation where the test failure of a rocket motor
case resulted in a $17 million loss and the cancellation of that por-
tion of the program. He commented that:

The motor case. was fabricated from a relatively new
steel using improper welding methods. The information
that these methods were unsuitable was at the time not
widely disseminated but available in the Aerospace Struc-
tural Metals Handbook. sponsored by the Air Force. The
cost of preparing the Handbook Chapter for this steel was
about $3000 or 0.02 percent of the loss.12°

The above illustrations provide good examples of how access to
scientific and technical data can streamline the research enter-
prise, save time, allow for more efficient use of resources, avoid
costly mistakes, and improve industrial pi Jductivity. When one
looks to the future, however, the importance of access to critical
scientific and technidal databases takes on an even broader scope.
As more and more data are gathered, the ability to organize those
data in meaningful ways becomes more essential. The combination
of new computing techniques with the growth of new data offer re-
searchers the capability of probing scientific problems in new ways.
This trend is illustrated by a recer.l. report, Models for Biomedical
Research: A New Perspective prepared by the National Academy of
Sciences on request by the National Institutes of Health.'"

The report recommends the development of a "biology-wide in-
formation systema computerized 'matrix data base'structured
so that it can be accessed from a multitude of dimensions." As a
result, "the database would vastly expand the array of possible
models used by making available information on phenomena that
are tnalagous to various aspects of the subject under study." 1?2
The impact of information being made available by this method
could open up whole new fields of inquiry previously untapped.
But, at the same time, researchers may need to understand infor-
mation technology as well as their own field of study to take full
advantage of the opportunities afforded by new information dis-
semination techniques. How such skills and training will be incor-
porated into the graduate education framework is an issue that
may acquire growing importance in the future.

I" Ibid., p. 20.
120 mid., p. 62-63.
'2' Holden, Constance. An Omnifarious Data Bank for Biology? Science, v. 228, June 21, 1985.

p. 1912.
122 mid.
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3. SCIENTIFIC COMMUNICATION

As the number of scientists and engineers has grown over the
last several decades, the scientific and technical literature has
grown concomitantly. The table below illustrates the growth of sci-
entific and technical literature between 1960 and 1985.123

123 King, Donald W., et. al. Scientific Journals in the United States. p. 22.
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Articles

---- Books.--

Periodicals

Journals

1960 65 70 75 80 85

YEAR

Number of literature items published, 1960-1985.
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Another interesting measure of scientific communication is the
quantity of U.S. research publications as a proportion of world pub-
lications in leading journals. In 1982, U.S. scientists and engineers
accounted for 35 percent of the world S&T literature, although U.S.
scientists comprise only about 15 percent of the world's scien-
thitS.124 Since 1973, however, the U.S. proportion of the world's
S&T literature has decreased in all fields except for biomedicine,
while other countries' proportion has increased.125

At the same time, the number of S&T publications with joint au-
thors from different countries has increased.

More than 42 percent of all multiple-authored publica-
tions in mathematics were internationally collaborative ef-

. forts in.1980, and over 30, percent of the joint publications
in the fields of physics and earth and space sciences were
also internationally coauthored.121

The growing internationalization of science is exhibited as well by
the number of U.S. publications that cite foreign documents. That
number has increased in the last decade so that by 1980 "44 per-
cent of all citations found in U.S. publications were attributed to
foreign publications." 127

Assessing the impact of information technology on this situation
raises a number of issues. For one, the increased demand for access
to foreign scientific and technical literature in U.S. databases is
well understood in an enviromnent where foreign S&T activities
are becoming more substantial and international cooperation more
prevalent. In addition, international competition in high technolo-
gy industries has heightened the awareness about the value of for-
eign.scientific and technical information. A report prepared by the
Congressional Research Service for the House Science and Technol-
ogy Committee, The Availability of Japanese Scientific and Techni-
cal Information in the United States, analyzed issues raised at the
committee's hearings on that topic.128 The report found that:

Japan's efforts to coordinate STI activities both domesti-
cally and internationally have outpaced similar efforts in
the United States. Given the significant strides made in
Japanese science and technology, a number of individuals
feel that the United States needs to reverse that situation
to remain competitive.129

Another key element that merits attention is the role that infor-
mation technology may have in altering and improving traditional
forms of scientific communkations. Several examples have been
given previously in this chapter showing how computer/comruuni-

'" US. National Science Foundation. Directorate for Scientific, Technological, and Interna-
tional Affairs. Division of Science Resources Studies. International Science and Technology Data
Update, Jan. 1985. p. 23.

12$ Ibid
"6 US. National Science Foundation. National Science Board. Science Indicators 1982. Report

of the National Science Board 1983. p. 29.
127 Ibid., p. 81.
'"U.S. House. Committee on Science and Technology. The Availability of Japanese Scientific

and Technical Information in the United States. Report prepared by the Congreesional Research
Service, Library of Congress for the Subcommittee on Science, Research, and Technology, 98th
Cong., 2d Sess., Nov. 1934. Washington, U.S. Govt. Print. Off. 1984.29 p.

1" Toid., p. 1.
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cations networks are now being employed in scientific research.
Some experts maintain that electronic communications may re-
place older forms of interaction among scientistssuch as personal
communication, meetings, and reading publications. Most authori-
ties contend, however, that the new approaches will augment
rather than replace more traditional communications with the sci-
entific community.

In some cases, electronic networking among scientists has been a
very profitable experience. According to one scientist, "the ability
of a newtwork to knit together the members of a sprawling commu-
nity has proved,to be the most powerful way of fostering scientific
advancement yet discovered." '3° Other scientists have found that
the value of communications networks is dependent upon the type
of scientific. activity involved. Two managers at IBM research facili-
ties studied the relative importance of computing power, display ca-
pabilities, and communications for scientists involved in basic re-
search, engineering, and management. They found that for scien-
tists performing basic research, "the existence of an electronic link-
age, powerful though it may seem, has not, in fact, altered the tra-
ditional methods of scientific work." 131 They found that for engi-
neers, where greater collaboration on projects is commonplace,
electronic communications have proved to be more useful. Finally,
they concluded that electronic communications has the greatest
value for managers who are responsible for coordinating and exe-
cuting numerous projects.'" While the study at IBM reflects only
one research environment, it is instructive for identifying what
trends are evolving in the application of computer technology. It
may also serve as a starting point for future research in this area.

The role of information technology in improving scientific and
technical communication is remgnized increasingly by the scientif-
ic community. Frontiers in Science and Technology: A Selected Out-
look, (the third volume in the series of five-year outlooks for sci-
ence and technology mandated by the National Science and Tech-
nology Policy, Organization and Priorities Act of 1976) identified
"the importance to scientific and engineering progress of the effec-
tive use of new communications technologies' as one of its major
themes.'" The report cited the "intensifying pace of scientific ad-
vance and the increasing importance of basic research to gestating
new technologies", along wi.h "the increasingly interdisciplinary
nature of many fields of science and technology" as major reasons
to "exploit to the fullest the new communication r- odes now be-
coming available." 1" The report concluded that the development
of sound public policies in this area will depend upon further care-
ful examination of the issues involved.'"

130 Denning, The Science of Computing: Computer Networks, p. 127.
'31 Gerola and Gomory, Computers in Science and Technology: Early Indications, p. 16.
133 Ibid., p. 17.
233 Frontiers in Science and Technology. A Selected Outlook. A report prepared by the Com-

mittee on Science, Engineering, and Public Policy of the National Academy of Sciences, Nation
al Academy of Engineering, and Institute of Medicine. W.H. Freeman and Company, New York.
1983. p. 7.

234 Ibid., p. 9.
233 Ibid., p. 10.
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N. ROLE OF THE FEDERAL GOVERNMENT

Continuing advances in computers and telecommunications and
decreases in their costs will make possible a growing role for infor-
mation technology in scientific research. For example, the prolif-
eration of affordable and more powerful microcomputers as well as
less expensive broad bandwidth telecommunications channels could
enable large 'numbers of scientists and students to incorporate in-
formation technology into their work. To date, the Federal Govern-
ment has supported information technology in science through
mechanisms such as funding for R&D in information technology,
funding for purchase of information technology equipment, tax
credits for donations of equipment, and funding of database devel-
opment.

In the future, however, the Government may need to consider al-
ternatives or additional support to supply scientists with access to
information technology necessary for their research. For example,
potential difficulties,in extending the limits of existing technology
may require increased Federal support so that scientists can have
access to state-of-the-art computer and telecommunications technol-
ogies. Further, with today's emphasis on Federal budget austerity
and reliance on the private sector, many organizations and univer-
sities may not be able to afford the information technology or data
critical to their work. Other issues that policymakers may want to
consider include: the impact cf international competition in infor-
mation technology; the need for access to and dissemination of do-
mestic and foreign STI; and the need for coordinated national poli-
cies for both scientific and technical information and information
technology development.

The following sections outline some of the issues that could arise
in a debE,te over the appropriate role of Government in the area of
information technology in science.

A. FEDERAL SUPPORT MECHANISMS

The Federal Government has supported the development and use
of computer and telecommunications technologies in science
through: R&D funding for information technology; funding of infor-
mation technology equipment for research; funding for database
development; and procurement of information technology.

Historically, the Federal Government has been a major sponsor
of the Nation's R&D effort in information technology. Within the
Government, the Department of Defense has been a principal
player. FOr example, according to a recent report by the Office of
Technology Assessment, in FY84 the Government supplied $933
million in basic and applied R&D funding for the areas of comput-
er science and electrical engineering. Among Federal agencies, the
Defense Department was the largest supporter of information tech-

.(89)
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nology R&D; estimates of the proportion of DOD funding ranged
from 70 to 80 percent or more of all Federal funding.138 Further,
many of the information technology R&D projects funded by
DODsuch as the packet-switching network technology of the AR-
PANEThave evolved into commercially successful applications.

The Federal Government also has supplied funding for universi-
ties and researchers to purchase information technology equipment
or to provide access to information technology. From 1957 to 1972,
NSF played an important role in this area by improving the capac-
ity and capability of computing facilities as well as providing access
to computers. During this period, NSF awarded grants to help initi-
ate and expand computing facilities for education and research at
colleges and universities. After 1972, NSF discontinued this pro-
gram and began supporting services through individual research
grant.. Without Federal support for computing facilities, academic
facilities fell behind industrial facilities in computing resources for
research.'" For example, a recent NSF survey indicated a lack of
modern equipment in computer science. According to Academic Re-
search Equipment in the Physical and Computer Sciences and Engi-
neering, 91 percent of the department and research facility heads
in the computer sciences stated that they were anable to perform
critical experiments because of a lack of needed equipment.138

Another area of Federal support has been funding for database
development. The Government sponsored early database develop-
ment by professional sechties through NSF funding, but eliminat-
ed this support as these endeavors became commercially viable.
The Government also sponsored creation of databases within Fed-
eral igencies, such as the National Library of Medicine's MED-
LARS syst An. But systems such as these have come under increas-
ing criticism by private entrepreneurs who believe the Government
unfairly competes with private sector efforts. The Government also
has supplied funding for equipment and personnel to develop data-
bases as a component of research grants.

Another area of Federal support has been the work of the Office
of Standard Reference Data in the National Bureau of Standards
in developing evaluated numeric databases in the physical sciences.
There appears to be a growing demand for access to data and facts
rather than strictly bibliographic citations. This offers a major
challenge for the technical and information communities. In a
number of workshops on developing national online numeric data
systems, particularly in the materials area, the appropriate roles of
government, industry, and the academic and technical societies
have been debated. There seems to be a consensus in the technical
community that there is a need for Government support in seeding
the development of technology demonstration projects for online

136 U.S. Congress. Office of Technology Assessment. Information Technology R&D. Critical
Trends and Issues. Washington, U.S. Govt. Print. Off., 1985. p. 29, 294.

I" U.S. National Science Foundation. A National Computing Environment for Academic Re-
search, p. 5, 11.

131 U.S. National Science Foundation. Academic Research Equipment in the Physical and
Computer Sciences and Engineering. [Prepared by Westat, Inc., under NSF Contract No. SRS-
8017878] Washington, NSF, 1984. p. 6.
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data access as well as in undertaking data evaluation.1SM In addi-
tion, the Government has supported R&D for "user friendly" sys-
tems as an aid in online searching. Current Federal support of
R&Din artificial intelligence and expert systems may facilitate the
search process in the future.

In the area of procurement, the Government is the .Nation's larg-
est ADP user. In FY85, the Government plans to spend almost $14
billion on 'Federal information systems and technology. Further,
that budg.et 'is projected to increase at a rate faster than that of the
overall Federal budget.'" Federal support through procurement is
particularly important in *providirii a market for supercomputer
manufieturers. For example, within the United States, the Depart-
ment of Energy is the largest user of supercomputers with a total
of 22 systems currently mstalled.14°

'The 'Goiiemment also has, supported private sector R&D in infor-
mation technOlogy through indirect means such as tax credits for
R&D costa', increased deductions for manufacturer's donations of
new R&D equipment to universities, and modifications of antitrust
liability_for cooperative research activities.

The United States generally, is considered preeminent in comput-
er and telecommunications' technology. However, given the impor-
tance of information technology to the Nation's science infrastruc-
ture, some obserVers feel that existing forms of Federal support
may not be adequate to extend the limits of current technology, to
respond to challenges from foreign competitiors, and to provide
access for all researchers. They also claim that the private sector
may not be in a position t o expand R & D initiatives t o the level nec-
essary to maintain U.S. leadership in ir.formation technology. Con-
versely, others claim that the current mechanisms of support are
adequate and that any eipanded support may only be necessary in
specifiic°areas such as those that are nigh risk or are in the nation-
al interest.

In 'addition, certain aspects of the current structure of Federal
support have raised a number of issues. For example, the large
amount of funding intended for the Strategic Computing Initiative
significantly increases the Defense Advance Research Projects
Agency's dominance over the direction of the Nation's advanced
computer research efforts. This increase in funding has led some
observers to express concern about a potential imbalance in mili-
tary/civilian funding for information technology. Another issue fo-
cuses on the impact of Federal funding cuts for information tech-
nology equipment for research. According to the findings in A Na-

IvAJ.H. Westbrook and J.R. Rumble, Jr., Eds., "Computerized Materials Data Systems" Pro-
ceedings of a Workshop (1982). Available from the Office of Standard Reference Data, National
Bureau of Standards, Gaithersburg, MD 20899.

J Rumble and T Northrup, Eds. "Computerized Materials DataA Workshop for Ground Ve-
hicle Engineering," (Society of Automotive Engineering, Warrendale, PA 1984).

J Rumble and J.H Westbrook, Eds. "Computerizing Materials DataA Workshop for the Nu.
clear Power Industry" NBS Special Publication 689. U.S. Dept. of Commerce, National Bureau
of Standards, 1985, 34 ,pages.

National Academy Of Sciences. Numerical Data Advisory Board; and U.S. Congress. House.
Committee on Science and Technol. 3 . Towards a National S&T Data Policy (collected presenta-
tions at a workshop, Apr. 14, 1983) " NDAB [19831 129 p.

"'U.S. Office of Management and Bu et. Management of Federal Information Resources
(Draft OMB circular). Federal Register, v. , Mar. 15, 1985. p. 10736.

H°U.S. Congress. House. Committee on Science and Technology. Federal Supercomputer Pro-
grams imd Policies, p. 25.
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tional Computing Environment for Academic Research, since the
early 1970s, ". . . the United States has not provided the wide va-
riety of computing services its academic scientists need to keep
them in step with modern technology." 141 Other issues include:
the need for exp'inded Federal support of databases; the role of the
Federal Government in the area of procurement; and the effective-
ness of measures providing indirect Federal support.

Possible Questions for Congressional Consideration

Is the existing pluralistic structure of Federal support
for information technology sufficient to achieve advances
in information technology and maintain U.S. preemi-
nence?

Should the Defense Department continue as the pre-
dominant source of Federal funding for information tech-
nology R&D or should a non-defense agency assume more
responsibility in this area to shift the imbalance in mili-
tary/civilian funding?

Are the current Federal initiatives aimed at strengthen-
ing .the Natibn's advanced computer technologysuch as
DOD's' Strategic Computing Initiative and NSF's super-
computer center programsufficient to maintain U.S.
leadership in information technology? If not, how should
they be restructured?

Should NSF provide funding for work on advanced appli-
cations of supercomputers in addition to supplying access
to supercomputer centers?

How has the discontinuance of NSF grants for comput-
ing facilities at colleges and universities affected scientific
research? Besides such support as university supercom-
puter centers, CSNET, and the proposed NSF National
Network, what other role, if any, should NSF be playing in
the area of funding for or providing access to information
technology equipment?

What effect, if any, will DOD's University Research Ini-
tiative have on funding for information technology equip-
ment and facilities? What has been the impact of universi-
ty /industry agreements to acquire as well as develop infor-
mation technology resources?

Should the Federal Government increase support for
access to the existing STI knowledge base and if so, how
should this support be structured? Should Federal assist-
ance be directed toward specific disciplines such as nu-
meric databases for a particular scientific field, toward
technological developments such as expert systems to fa-
cilitate the online searching process, and/or toward experi-
mental systems?

What has been the impact of Federal Government pro-
curement of computers and telecommunications on ad-
vances in information technology? In the area of high-risk

1" U.S. National Science Foundation, A National Computing Environment for Academic Re
search, p. 15.
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R&D, such as advanced supercomputers, should the Gov-
erment guarantee a market for new designs to foster in-
novation in the private sector?

What has been ,the impact of indirect Federal meas-
ures such as.the Economic Recovery Tax Act of 1981 and
the National Cooperative Research Act of 1984on private
sector R&D in information technology? Should the Govern-
ment place greater emphasis on these types of support
mechanisms for information technology as a means of fos-
tering a greater degree of private sector initiative?

B. INTELNATIONAL COMPETITION

Foreign nations 'increasingly are viewing, expenditures in R&D as
critical to their economic growth and productivity. In particular,
foreign governments, are promoting, fUilding of R&D in information
technology. Recent targeted national' programs by foreign govern-
ments highlight the importance attached to this area for future
competitiveness in world markets.

The most highly publicized foreign efforts are two Japanetie pro-
gratisthe National Superspeed CoMputer Project and the Fifth
Generation Computer Project. These programs are designed not
only to meet future domestic needs in large-scale computing and
AI, but also to enable Japan to gain access to international mar-
kets for these products. The Japanese National Superspeed Com-
puter Project is a ten-year cooperative effort between the Ministry
of International Trade and Industry (MITI) and six major Japanese
compute!' vendors. By the end of the project in 1990, MITI plans to
supply one-half of the total $200 million funding. Work on Japan's
ten-year Fifth Generation Computer Project began in 1982. Like
the supercomputer project, this program is a joint endeaver be-
tween yam and private companies. Although total funding for the
life of the project is not publicly stated, some sources estimate that
up to one billion :loners may be spent. The Japanese Government
has oupplied seed money and staffing; from 1982 to 1984, the Gov-
ermacnt nrovided approximately $40 !nation in funding.'"

Other foreign efforts in information technology include Great
Britain's Abney Program for Advance -d Information Technology,
and the European Community's (EC) ESPRIT (Tharopean Strategic
Program for Rorarch in Information Technology) project and
RACE (Research on Advanced Communications technologies for
Europe) progtara. In 1983, the British Government announced the
five-year Ldvanmd 7: formation Technology program, which con-
centratvi on AI as well as very urge -scale integrated circuits, soft-
ware engineering, and man/machine interfaces. The Government
will provide $310 million for the program, while private industry is
expected to supply an additional $230 million. Last year, the EC
authorized one billion dollars for Q. ten-year ESPRIT project. Re-
search will emphasize advan,..vci mi,,,,oelectronics, software technol-
ogy, advanced information processing, office automation, and com-
puter integrated manufacturing. The project is a cooperative effort

14* U.S. Library of Congress. Congressional Research Service, Supercomputers and Artificial
Intelligence: Recent Federal Initiatives, p. 3-4.
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between private companies, universities, and research institutes.
The EC will provide $126 million in matching grants in 1985 and
$150 million in 1986 for research projects. In 1985, the EC approved
the first stage of the proposed RACE program to develop a Europe-
wide integrated broadband telecommunications network. EC mem-
bers and participating companies are each expected to contribute
one-half of the estimated $30 million funding for the first stage of
the project which focuses on _pilot research projects. If the pilot
phase is successful, total, spending on RACE could reach $650 mil-
lion over its ten-year lifetime.'"

The United States generally is recognized as the leader in infor-
mation technology. Recent Federal initiatives in advanced comput-
er technology, such as the. Strategic Computing Initiative, attest to
the Government's interest in maintaining this leadership position.
Yet, given the current environment of increased international com-
petition, some observers .claim that the United States needs to
expand efforts to monitor developments in information technology
and to acquire related STI on any advances to remain competitive.
They assert that the United States can no longer afford to neglect
foreign competitorsin particular Japanin the areas of computer
and telecommunications technologies.

For example, last year a panel of experts, examining foreign ef-
forts in supercomputer technologies concluded that "It is quite im-
portant for U.S. activities aimed at maintaining awareness of Japa-
nese technical developments through suitable translations be accel-
erated, possibly through programs undertaken by NSF or
DARPA.' 144 In addition, hearings have been held by the House
Science and Technology Subcommittee on Science, Research and
Technology on access to Japanese STI in the United States. Wit-
nesses described a number of coordinated efforts ii.. Japan to moni-
tor and acquire U.S. technology and scientific and technical data;
these efforts have outpaced comparable efforts in the United
States.

Some experts claim that a need exists for monitoring foreign de-
velopments in information technology and acquiring related litera-
ture. They assert that for some nations such as Japan there are
significant barriers that require the U.S. Government to play a
greater role in accessing and disseminating these data. For exam-
ple, in the area of Japanese STI, a s*,. nificant barrier is the lack of
qualified technical translators caused in part by the lack of appro-
priate emphasis on Japanese language programs at U.S. universi-
ties. To overcome this barrier, the U.S. Government may consider
increasing support for Japanese language programs in universities
and providing financial aid to science and engineering students
who study Japanese.

On the other hand, some observers claim that the need for great-
er access to and dissemination of foreign STI has not been -lemon-
strated. Further, if the demand exists, the argument can be made
to let the marketplace respond to the need. Some have likened the

"3 Ibid.; Dickson, David. Europeans RACE to Close Telecommunications Gap. Science, v 227,
Mar. 29, 1985. p. 2259, and Europeans RACE toward EC-Wide Telecommunications System. Corn
munications Deily, v. 5, Apr. 4, 1985. p. 6.

144 Committee on Science, Engineering, and Public Policy, Research Briefizs 1984. Report of
the Research Briefing Panel on Computer Architecture, p. 16.
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current debate over Japanese STI to the U.S. reaction to Russian
STI iithe post Sputnik years. During that time, many argued for
increased Federal efforts to translate Soviet technical literature
and to teach scientists and engineers the Russian language. Yet
today, the scientific community .pays little more attention to the
Soviet literature than.it doei to that of any other country.

In addition, there are concerns that U.S. producers of database
services are being unfairly kept out of foreign markets. Foreign
barriers, such as unequal telecommunications costs, unique stand-
ards, and preferences for domestic systems and services inhibit U.S.
firms from expanding into fOreign markets.'" Recent efforts at
the Organization for Economic Cooperation and Development
(OECD) to .adopt a "Declaration on Transborder Data Flows' may
prove 'beneficial to. reducing these barriers. In that declaration,
member countries agreed to: (1) cooperate on promoting, access to
data and information and avoid creating unjustified barriers to the
international-exchange of .data and information; (2) seek transpar-
ency in regulations and policies relating to transborder data flows;
and (3) develop common approaches for dealing with issues related
to transborder data flows.'"

Despite such*progress, however, some observers believe that the
U.S. Government may need to be more vigilant in negotiating a re-
duction in barriers to transborder data flows so that both U.S. en-
terprises and international scientific cooperation may be strength-
ened.

Possible Questions for Congressional Consideration

With the recent announcements of foreign targeted pro-
grams in information technology, should the United States
Government seek to cooperate in these efforts as a means
of reducing research costs and increasing access to infor-
mation on foreign developments?

Should the Federal Government assume a larger role in
efforts to promote advances in information technology to
respond to challenges from foreign competitors?

Is there a demonstrated need for increased access to for-
eign STI? If so, should the Government assume a greater
role to overcome any existing barriers such as the shortage
of competent technical translators in certain languages?
How has the private sector responded to the demand for
foreign STI?

Should the Government identify foreign languages that
have an inadequate supply of qualifiei technical. transla-
tors and increase support through funding of university
language programs or financial aid for students in science
and engineering who undertake foreign language study?

14$ U.S. Congress. Committee on Foreign Relations. Internat!crad Telecommunications end In-
formation Policy Selected Issues for the 19803. A report prepared by the Congressional Research
Service of the Library of Congress. 98th Cong., 1st seas. Sept. 1953, S. Prt. 98-94. Washington,
U.S. Govt. Print. Off., 1953.11 21 -25.

I" Organization for Economic Cooperation inAl Development. Committee for Information,
Computer and Communications Policy DectLation on Transborder Data Flows. Paris, OECD.
Mar. 27, 1985.
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Should the Government increase support for bilateral
scientific and technical agreements to promote exchanges
of researchers and information?

Should the Government implement a coordinated pro-
gram for STI networks similar to efforts by the Japan In-
formation Center for Science and Technology?

What steps should the Government take to insure that
the international flow of STI is not hampered by foreign
market barriers?

C. ACCESS AND DISSEMINATION

Information technology is proving to have both positive and neg-
ative effects on assuring access to scientific and technical informa-
tion. On the one hand, communications networks enable research-
ers-around the world to acquire needed information from remote
databases. On the other, some scientists may find it too .costly to
acquire current computing capabilities or may be limited by their
lack of ,knowledge of information systems. Several other policy
questions also have an impact upon access to scientific and techni-
cal information. These include issues of national security control,
conflicts between public and private sector information producers,
and growing budgetary constraints.

In recent years, a number of laws, regulations, and Government
policies have increased controls over the dissemination of sensitive
scientific and technical information. For example, the Department
of Defense Authorization Act for Fiscal Year 1984 (10 U.S.C. 140c)
gave the Secretary of Defense the authority to withhold DOD tech-
nical data having military or space applications if such data could
not be exported lawfully without approval or license under the
Export Administration .Act or the Arms Export Control Act.147
While it is widely recognized that maintaining national security is
of the highest priority, there is growing concern over how to
achieve the appropriate balance between national security and the
open exchange of scientific information.

Some critics charge that the Government gives away valuable
scientific and technical data through its publicly available data-
bases. Others maintain, however,, that open scientific communica-
tion provides the best means of ensuring technological advances
that can provide for national security. Of concern to some is the
growing amount of scientific and technical material that potential-
ly could be restricted from public dissemination. This may prove to
be a growing problem for Government producers of scientific and
technical databases. The Department of Defense has attempted to
clarify the situation by stating that "fundamental" research con-
ducted at universities and Federal laboratories that was not classi-
fied would not be restricted. DOD defines fundamental research in
terms of four factors: performer, budget category, sponsoring DOD

14T For an in-depth analysis of this issue tee: U.S. Library of Congress. Congressional Re-
search Service. National Security Controls and Scientific Information. Issue Brief No. 11382083,
by Relyea, Harold C., Juno 26, 1985 (continually updated). Washington, 1985; and Relyea, Harold
C., ed. Striking A Balance: National Security and Scientific Freedom-First Discussions. Ameri-
can Associaton for the Advancement of Science, Committee on Scientific Freedom and Respons
bility, Washington, May 1985.
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entity, and special contractual provisions.146 Despite these efforts,
the scientific 'community remains concerned about the possible
impact of controls on scientific communication. This concern has
been heightened by the growing proportion of the Federal R&D
budget designated for defense and space-related efforts.

On another front, Government electronic dissemination activities
are being confrontfd with the growth of private sector services and
reductions in Government budgets. Some private sector vendors
have charged that Government providers of databases have an
unfair advantage because their dissemination services are subsi-
dized by Federal funding. They maintain that because Government
agencies do not need to-make a profit on their dissemination activi-
ties, Their prices undercut those of private information providers
and force them out of business.'"

On the other hand, supporters of Government database activities
worry that public access to critical information will be limited to
only those who can afford it only databases that are profitable will
remain available; and information required by agencies to perform
their missions will be diminished. A report by the National Com-
mission on Libraries and Information Science Panel on the Infor-
mation Policy Implications of Archiving Satellite Data found that
"a number of basic research programs would be placed in a precar-
ious position if Landsat [remote sensing] data on which they rely
were to be priced beyond their ability to purchase without Govern-
ment support." 150

The issue of public versus private database providers has re-
ceived attention both by the executive and legislative branches and
remains a major topic of debate today.' 6' It has been highlighted
recently by the growing budget constraints faced by all Federal
agencies. One result of these budget reductions is that agencio are
being forced to molt reimbursement from their data and syst',nas
users to offset costs 11...evIved. This approach has been reemphasi zed
by the recent 0111D circular on management of Federal information
resources, issued December 12, 1985.162 The circular revises and
consolidates several existing circulars and attempts to provide a
broad framework for Government-wide information management
activities. Although the 'circular acknowledges the importance of
"open and efficient exchange of government scientific and techni-
cal information" for scientific advancement, it also includes provi-
sions that may limit dissemination activities.'"

'"U.S. Dept. of Defens. Publication of the Results of DOD Sponsored nindamental Re.
setuelL.DeLauer, Richard D. Undersecretary for Research and Engineering, Oct. 1, 1984.

I" The National Library of Medicine's MEDLARS system has been the focus of much of this
debate. See: Holdest, Constance. Library of Medicine Versus Private Enterprise. Science, v. 212,
June 5, 1981. p. 1125.

" U.S. National Commission on Libraries and Intoanation Science. Panel on the Information
Policy of Archiving Satellite Data. To reserve the Sense of Earth from Space.
Washington, NCLL9, 1984. p. 17. -

"1 U.S. National Commission .on Libraries and Information Science. Public Sector/Private
Sector Interaction in Providing Information Services. Washington, NCLLS, 1982.88 p.

" Executive Office of the PP dent Office of Management and Budget, Management of Fed-
eral Infc.rmation Resiiurced, Circular No A-130, Dec. 12, 1985. For an in-depth analysis of the
draft circular see: Reiyea, Harold C., et. al. Management of Federal Information Resources: A
General Critique of the March 1985 OMB Draft CircularMatters for Possible Congressional
Consideration. Congressional Research Service. July 5, 1985. 42 p.

1ga OMB Circular A-180, p. 4.
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Of particular concern to government database producers are the
sections of the circular that deal with dissemination of information
and with cost effectiveness. The circular directs agencies to:

Disseminate such information products and sonices as
are: (a) specifically required by law; or (b) necessary for the
proper performance of agency functions provided that the
latter do not duplicate similar products or services that
are or would otherwise be provided by other government
or private sector organizations:' 4

Another provision conditions dissemination activities on a number
of ,factors, including the recovery of costs, where appropriate,
through user charges.'55 The implications of directives such as
these for providers and users of Government scientific and techni-
cal information have yet to be fully analyzed. They do raise con-
cerns, however, that agencies may be forced to reduce their infor-
mation dissemination activities and that certain users will be
unable to afford growing information fees.

Possible Questions for Congressional Consideration

Should the Government provide mechanisms for ensur-
ing that all scientists have access to information technolo-
gy and databases necessary for their research?

What efforts should be made to facilitate the training of
scientists in all disciplines in the t we of information tech-
nology?

What effect will increased national security controls
have on dissemination of scientific and technical informa-
tion through publicly available Government databases?

What has been the impact of national security controls
on international cooperation in science?

What would be the impact of a policy proposed by some
Federal officials that would restrict access to Soviet bloc
scientists to the NSF supercomputer centers?

What criteria should be established to delineate the ap-
propriate role of the Government versus the private sector
in developing databases and related services and more
broadly, in providing access to the results of federally
sponsored R&D?

If certain government scientific and technical informa-
tion activities are eliminated as a result of budget con-
straints and administration policies, will the private sector
be willing or able to provide them? What guarantees could
be established to provide continuity for services even if
they cease to be profitable?

Given demands on allocating scarce Federal dollars, how
will Federal agencies determine the cost effectiveness of
their information dissemination activities given the diffi-
culties associated with assigning value to information?

164 Ibid., p. 5.
155 Ibid.
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What would be the impact of a significant reduction in
Federal STI Management activities.

Who will determine if agency missions are being accom-
plished and the public is .being sewed under the new OMB
information resources management circular?

What will be the irnpaat on users if charges for access to
Government information services increase substantially?

D. GOVERNMENT INFORMATION POLICYMAKING

One recurring topic in debates over the role of the Federal Gov-
ernment in -oientific and technical information activities and infor-
mation technology development is the concept of a Government
focal point for policymaking. Supporters of such an entity believe it
could perform both a coordinating role for Government informa-
tion collection and dissemination activities and a centralized policy-
making role. Numerous reports have been written about the impor-
tance of coordinating the various agency activities for collecting
and disseminating scientific and technical information. Proponents
of establishing some coordinating entity believe it could lead to less
duplication, enhanced accessibility, and more comprehensive infor-
mation systems.158*

There are others, however, who believe that the creation of a
new Goverment entity may only add another layer of bureaucra-
cy. These experts contend that the diversity of players better re-
flects the fact that information systems are an integral part of all
Government programs and therefore are best addressed within the
context of an agency's mission. They maintain that existing Gov-
ernment agenciessuch as the Office of Managenient and Budget
(OBM) and the Office of Science and Technology Policy (OSTP)
are able to perform,the necessary coordinating function.157

The Paperwork Reduction Act of 1980 (P.L. 96-511) significantly
enhanced OMB's role in managing Government information activi-
ties. Based upon the Act's mandate, OMB has caught to reduce du-
plicative information gathering and dissemination activities and
promote greater efficiency in the use of information technology.
Congress' has expressed its concern that OMB has itot devoted suffi-
cient resources to adquately accomplish these objectives.158 In ad-
dition, the emphasis in the recent OMB information management
circular on reducing dissemination activities Government -wide and
on cost recovery has raised additional concerns within ..he informa-
tion community about OMB's desire to provide effective coordina-
tion and support for critical information activities.159

The National Science and Technology Policy, Organization, and
Priorities Act of 1976 (P.L. 94-282) established the Office of Science

'54 U.S Congress. House. Committee on Science and Technology. Scientific and Technical In-
formation (STI) Activities: Issues and Opportunities, p. 18-27.

"7 U.S. Congress. House Committee on Science and Technology. The Information Science and
Technology Act of 1981 Report prepared by the Congressional Research Service, Library of Con-
gress for the Subcommittee on Science, Research, and Technology, Committee on Science ann
Technology. 97th Cong., 2d Sess., NNT.shington, U.S. Govt. Print. Off., June 1982. p. 33.

158 US. Congress. Senate. Committee on Governmental Affairs. Paperwork Reduction Act
Amendments of 1984, Report to accompany S. 2433. U.S. Govt. Print. Oft, Washington, Aug. 6,
1984. p. 6.

150 Relyea, Harold, et. al Managem'nt of Federal Information Resources A General Critique
of the March 1985 OMB Draft Circular.
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and Technology Policy in the Executive Office of the President.
Among the functions assigned to OSTP was the requirement to:

Consider needs for improvement in existing systems for
handling scientific and technical information on a Govern-
ment-wide basis, including consideration of the appropriate
role to be, played by, the private sector in the dissemination
of such information.'60

The above responsibility is only one of several references to scien-
tific and technical information in the Act.161 While OSTP main-
tains that it has fullfilled'its responsibilities in this area, critics dis-
agree. They maintain that OSTP's lack of attention is a reflection
of the general disinterest of high level policymakers within the
Government to scientific and technical information issues. These
observers contend that since the abolition of COSATI and the re-
structuring of NSF's science information function, no Government
entity exists that focuses on critical issues affecting scientific and
technical information." 2

Claims of lack of coordination in information policy formulation,
however, go beyond t issue of Government scientific and techni-
cal information activ_ The range of information policy issues is
considerable and may 'nclude such diverse subjects as intellectual
property, standards, or privacy. While there is agreement that the
pronouncement of a single national information policy is neither
feasible or desirable, there is concern that the United States needs
to establish a more consistent and comprehensive approach to in-
formation policymaking. This has been emphasized by the fact that
information technology is becoming increasingly important for
both the Nation's economy and the national defense. In addition,
the recognition of the contribution of scientific and technical ad-
vancement to the U.S. position internationally has prompted re-
newed attention to STI as an essential element to be considered in
broader policy development.

Congress and the executive branch are faced not only with ad-
dressing how the Government can effectively support information
activities, but moreover, how it can promote private sector invest-
ment in new technologies and database development. The establish-
ment of an appropriate Government role in this area requires the
balancing of many interests. Whether the current Government pol-
icymaking framework is adequate to acheive this goal remains a
question. Traditionally, there has been opposition to creating any
type of "ii.:ormation czar" in whom total authority for information
policy would be vested. Various proposals, however, have been
made for restructuring Government information policy func-
tions.163 While there is no agreement on the optimal organization-

160 P.L. 94-282, The National Science and Technology Policy, Organization and Priorities Act
of 1976, Title Ill.

'6' Mitre Corp. Me.rek Division. Scientific and Technical Information. Options for National
Aeon, McLean, Va. Mitre Corp., 1976, p. 22.

' U.S Congress. House. Committee on Science and Technology. The Information Science and
Technology Act of 1981, p. 24.

163 In the 99th Congress, H.R. 744, The Information Science and Technology Act of 1985, was
introduced to establish an Institute for Information Policy and Research and to create a Special
Assistant for Information Technology and Science Information m OSTP. In addition, S. 786, The
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al arrangement, there is a strong beliefin parts of Government
and the private sectorthat the United States might benefit from
a more coherent and coordinated approach to information policy-
making and from greater resources devoted to this effort.

Possible Questions for Congressional Consideration

Should some type of coordinating entity be established
in the Executive Branch to ensure that scientific and tech-
nical information activities are not duplicative, are com-
prehensive, and are meeting the needs of our research en-
terprise?

Should Congress conduct additional oversight of both
OSTP and OMB to assess the adequacy of their actions in
the scientific and technical information area?

What mechanisms can be established to enhance the
interaction between Government and the private sector in
information activities? What policies should be adopted to
promote private sector endeavors?

Given the broad range of issues involved in information
policy, should some focal point be established for Govern-
ment policymaking? Or, should additional resources be
committed to existing entities so that they can perform
such a function more effectively?

Information Age Commission Act of 1985, was introduced to establish an Information Age Com-
mission comprised of public and private sector members as a forum for assessing the impact of
computer and communications systems on the Natioi and its citizens. Neither bill has received
congressional action.

0
56-295 (64)


