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Preface

In enacting the National Science and Tech

nology Policy, Organizatlon and Pnontles

Act of 1976 (Public L-aw 94-282); the Coni-

gress specified; in a declaratlon of pnncnple

that the development and implementation

of strategies for determining and achieving

the appropriate scope; level, and direction

of U.S. scientific and technological efforts

should involve a wide range of participants
from both the public and the private sectors:

In keeping with that commitment; and as
one means of fulfilling the National Science
Foundation’s responsibility to provide pri-
mary assistance to the President's Science
Advisor in the preparation of the Annual
Scienice and Technology Report to the
Congress 1982 NSF convened a series of
ad hoc panels of experts from Governmenit,
1ndustry, and academia during 1982. Those
panels explored the policy implications of a
number of current and emerding issues in

science and technology that were selected

by the staff of the National Science Foun-

dation in consultation with advisors from

both inside and outside of Government.

~ The paniels' deliberations are summarized
in the nine working papers in this com-
pendium. As anticipated, they were useful
tb the staff bf the NSF Offlce 6f S'p"e'ciél

and Technology Pohcy with the preparahon
of the President's Anriual Scierice and Tech:
noiogy Report to the Congress 1982. Since
the papers also delineate an important set

of policy issues on the nationial agerida, NSF

is publishing them separately to stimulate

public discussion about the roles scierice

and technology can play in contemporary

American society. Although all of the papers

were reviewed for technical accuracy, the

views and perspectives they express do not

necessarily reflect official | poiicy positions of

the U.S. Gove:nment or the National Sci-
ence Foundation. :

Edward A. Knapp

Director

National Science Foundatlon
~  Octcber 1983
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The nine working papers in this compen-
dium, like the set published in 1982;! were
'p"r'ép’é'réd fdr thé Nétidhél Sbiéhté Féijhda-
Hquse Offlc,e of Scnence and Tgchnology
Policy with the preparation of the President's
Anniual Scierice and Technology Report to
thie Corigress. They explore paiticlilar aspects
of three broad themes central to the
Administration’s scierice and technology
pohcnes and the strategies for their imple-
mentation, as described in the most recent
Annua! Report? These themes are:

* Optimizing the use of limited resou. ces

for research and development (R&D)

so that science and technology can be

used more effectively to achieve na-

tional goals;

* Developing a set of equitable and con-

sistent guidelines, within the Adminis-
tration’s overall science and technology
policy; for dealing with the generation;
organization, and dissemination of
scientific and technical information; and
* Encouraging implementation; by the
private sector, of new technologies that
can increase the productivity and inter-
hétibhél competitiveness of U.S.
The compendlum papers do riot airm to
provide detailed analises of all relevait issties.
Indeed, sirice the policy context for most of
these issues is in a state of considerable flux,
attempts at such analyses run the risk of
becoming rapldly dated. Nor do the papers
weigh advantages and disadvantages. of all

possible policy optlons Rather, each is in-

tended to identify and discuss significant

national issues in science and technology

that are either currently on the policy agenda

or likely to emerge in the near future:

Optimizing the Use of R&D
~ Resources
The first two papers in the compendlumm
International Cooperation in Scierice: The

US. Role in Megapro;ects and Trerids i Col-
lective Industrial Research-explore the

policy aspects of two types of coopetative

institutional arrangements intended to in-

crease the effectiveness of the resources

available for the conduct of R&D: The third

paper—-The Impact of Increases in Defense
R&D Expenditures on the U.S. Research
System-—examines some probable effects
on research prigrities; particularly in univer-
sities, of the Administration’s commitment
to strengthen the Nation’s defense capabili-
ties. The fourth paper— Trainirg and Utili-
zationi of Engineering Technicians and
Technologists—raises questions about the
'adéq'ua'cy', ih both 'qua'htitétiizé éhd k:jijélitéﬁi)é

the actlvmes of professional scientists and
engineers.

The U.S. Role in Megaprojects

The context within which international
cooperative scientific activities takes place
is considerably different from what it was
20 years ago. During that era, the resources
for conducting scientific research in the
United States—particuilarly basic research—
were relatively uniconstrained, and the United
States enjoyed preeriifierice in virtually all
scientific fields. In the present environment,
where the scientific capabilities arid achieve-
ments of several other countries are roughly
comparable to our own, pursuing research

projects within an mternatnonal division of

labor framework has an obvious appeal

This is pamcblarly true for so-called “mega-

projects;” that is; projects requiring extensive

staffs; complex managerial arrangements
and large budgets:

The Reagan Administration has placed a
high priority on international cooperative
projects that can augment limited U:S:
resources and vield benefits to U.S. science.
So, for similar reasons, have the govemments
of several other industrialized countries. At
the Versailles Economic Summit in June
1982, a Working Group was established to
corisider comimon opportunities, problems,
and challenges associated with science and
techriology. A draft report, released in March

vii
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and cons:dered at the Wllhamsburg Economrc

cooperat]ve sc1ence and technology projects

many of which quahfy ds megaprojects.

The paper on international cooperation

in scienice reviews somie of the potential

beneflts both direct and indirect; that can

Le derlved from successfal international

cooperative prqects The most obvious of

these beneflts is improved economic effi-

ciency. However, financial advantages are

often supplemented by the promise of

enhanced access to intellectual resources

and unique facilities that are only available

abroad; and possibly by important gains in

the lnnovatlve process rtself

governments almost always have mu]tlple
policy goals and objectives for international
cooperative projects. These can lead to
difficulties that need to be weighed against
the potential benefits to be derived from
collaboration. In addition, countries often
have differing rationales for, and rankmgs
of, goals and objectives for sc1ent1f1c coop-
eration, For that reason, a country’s overall

pohtlcal culture may be a mote lmportant

determinant of its scierice pohcy—and there-

fore the ways in which it will enter into a

cooperative venture—than any objective

scientific benefits that may derive from
cooperation.
The paper argues that the most difficult

issuie confrontmg e'tective U.S: participation in

megaprojects is n identifying specific future

opportunitics for effective cooperation. To

make appropriate decisions about such

opportunities, information must be available
regarding the scientific capabilities of countries
with which the United States could con-
ceivably cooperate, and the prioriiies that
are likely to be attached to the development
and deployment of those capabilities by the
respective nations. Unfortunately, such a

systematic knowledge base does not exist.

Trends in Collective Industrial

Research

One of the key strategies adopted by the
Reagan Administration to imiplement its
science and techiiology pohcy is to encourage
and facilitate cooperative R&D activities

amorig drfferent types of institutions in the

viii
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Uriited States. [riterest in developing coop-

erative modes has been heightened because

of both the rising costs of R&D and the

desirability of improving the links between

institutions with vested interests in different

pomons of the R&D spectrum, ranging from

basic research to commercialization.

University-industry research collaboration

has been the most highlypublicized of these
cooperative modes. Additionally; there
appears to be a trend toward new cooperative
arrangements among industrial firms, some
of which also involve support for university
research and education.

There have been numerous examples in
the past of two or more compames in a

to e engage in technical activities with no forrmal
commitment to joint commercial exploitanon
Siich joint ventures have often been estab-

hshed through trade associat]ons ‘Within the

cooperatlve industrial structures have been

established that differ from these older

arrangements in at least three reSpects

e First; their levels of funding are con-

siderably larger;

e Second; several include cooperation
with and/or assistance to universities
among their objectives; and.
Third; they are based on mdustrywrde
concerns about decreasing market
shares and increasing foreign com-

__petition. i

The paper on mdustnal res earch ‘coop-
eration examines the operational charac-
teristics of several collective industyial research
arrangements, focusing particularly on four
of the newer associations—two in the energy
sector, and one each in the cherriical and
semiconductor industries. The underlying
objective of all four groups is to accelerate

the pace of technical change either through

increasing the number of technically trained

people available to the industry, or by con-

ducting research in targeted areas, or both.

Howsever, the origins and goals of each group
also reflect industry-specific characteristics

such as competitive structure; degree of

regulatlon capital requirements; manpower

needs; and relevant antitrust restrictions.
~ The paper considers the longer range
implications of large-scale industrial coop-

erative research for industy, universizes, and

B
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Governmienit. It concludes that although the
funds available for collective research among
firms within an mdustry are hkely to remain
small relative to the total expended for R&D
by the mdustry, the focused character of

the available collective resources could have a

significant impact on industrial—and uni-

versity—research directions:

Possible Government actioris to encourage

the growth of collective industrial support

include: {a) offering indirect financial incen-
tives to industrial firns for collective support to
universities; and (b) providing focused support
to universities to strengthen their capabilities
for cooperation in areas of interest to col-
lective industrial groups. These actions would
be broadly consistent with the Reagan Ad-
ministration’s policy of providing indirect
incentives rather than direct subsidies for
industiial R&D, while concentrating Federal
resources on strengthening the capability of
universities to conduct fundamental research
in areas of importarice to the Nation.

Research Systein

The third béiiéi in the Eéﬁﬁéﬁaitﬁ explores

system, particularly on umversmes, of the
accelerated growth of the defense R&D
sector relative to the civilian sector. Depart-
ment of Defense {DOD) support of university
basic research during the 1950s and 1960s
provided the foundation for much of the
growth and development.in the university
research system. This support also laid the
grouridwortk for stich important technological
innovations as compiiters and lasers. This
paper concludes that, overall, the present
defenise buildup is likely to have a far less
sngmﬁcant effect than in the past on university
research. The Department of Defense’s
budget for research, development test and
evaluation (RDT&E) will increase by an
estimated .78 percent between fiscal years

1981 and 1984; while all other Federal R&D

expenditures will decrease by an estimated

12 percent. However, whereas the growth

in the basic research component of the

defense budget is relatively small; the basic

research components of the other principal

agencies that s support universities have been

relatively well insulated against the general
decrease ini civilian R&D budgets. There
could, however, be substantial impacts on
specific scientific disciplines of particular
interest to DOD as shifts in ‘tesearch priorities
result in changmg support allocanons

The paper argues that DOD's increased
support for graduate students in particular

fields of science and engineering—through

both fellowships and research assistant-

ships—could have a substantial effect on
the entire U.S. R&D system, including the
university and industrial sectors: This aug-
mented support is intended, in part; to help
resolve the problem the ammed services have
been experiencing recently in recruiting and
retaining engineers as well as scientists in
several critical subspecialties. Despite DOD’s
student support programs, the pool of highly
qualified scientific and technical personnel
in critical fields is unlikely to be sufficient to
meet the demands of both the defense and
the nondefense sectors during the next few
vears. For that reason, there may well be a
continuing and increasing competition for
scientific, and particularly, engineeririg talent.
In view of the current defense biiildup, this
competition could have a deleterious effect
on both umversmes and riondefense indus-
tries; and thus on the overall scienice and

technology base reqmred to maintain long-

term U.S: national security.

Training and Utllization of Engineering
Technicians and Technologists
Conicerns aboiit both the quantitative and
the qualitative adeguacy of scientists and
engineers in the defense and civilian sectors
have been widespread for a number of years.
Factors that threaten to undermine the quality
of U.S. engineering ediication haveé also been
examined in detail. Likewise, deficiericies in
secondary education have been widely ad-
vertised and considered at length in several
recent reports, most notably those of the
National Commissioni on Excellence in
Education and the Natiorial Scierice Board’s
Commission on Precollege Education in

Mathematics, Science; and Technology.

However, the quantitative and qualitative

adequacy of the technicians and technologists

required to support scientific and engineering

ix
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activities has recelved little comparable
natxonal attention.

A primary ob)ectlve of this _paper is to
place questions regarding the trammg and
utilization of these support personnel within

the broader contextual issue of assuring that

the overall scientific and technical workforce

is adequate to meet both present and long-

term national goals: Three potentially serious
problems associated with technician training
and utilization are identified: First; there is a
considerable mismatch between the types
of training and skills that have been acquired
by the existing technical workforce and the
skills demanded by industry. In particular,
many technicians, as well as engineers,
appear to be underutilized. Second, there
are serious pressures on technician training
institutions, including community colleges
and proprietary schools, that are broadly
§i'rnila'rt'o' thos?a Ci.ii’i'éhﬂy plaguing engineering
schools. These pressures include chronic
facuilty vacancies and lack of state-of-the- art
instructional apparatus. They threaten to
erode the quality of the educational offerings
of the institutions: Third, reliable information

about the supply and demand for technicians

and tecnnologlsts is inadequate: These

inadequacies are exacerbated by the fact

that the job skills required for technicians in
particular industyies are often poorly defined:
Thus; it is difficult to place questions about
technician training and utilization within the
context of national scientific and engineering
manpower goals.

The paper suggests that 1ndustry has a
central role to play in clanifying training and
utilization opportunities for engineering
technicians and technologists. However, new
cooperative initiatives involving industry,
education, government at all levels, and
professional associations appear to be essen-
tial if the naticnal need for an adequate
té'ch'h'i'c‘él workforce i§ to be met.

l Information Policies

The major problems explored in the next

two papers in the compendium—~National

Security Controls and Scientific Information

and Issues in Scientific and Technical Infor-

X
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miation Policy—have emerged as compellinig
policy issues because of their relationship
to two of this Administration’s major goals
for scierice and technology: (a) relying on
advanced technologles to strengthen the
Nation's defense capabilities; and (b) delin-

eating more clearly the appropriate roles

and responsibilities of the public and private

sectors with respect to science and technology

activities: Issues associated with scientific and
technical information are unusually complex
from both a technical and a policy perspec-

tive because they pervade a vanety of pohcy
spheres often far removed from science and
technology.

One of the byproducts of the Administra-
tion’s overall policy of enhancing the Nation’s

defense posture has been a well-publicized

debate focused on the Government's ap-

parent willingness to restrict the dissemination

of scientific information to foreign nationals
and to limit their participation in R&D

activities in an attempt to stem the outflow
of U.S: military technology and sensitive
lnféﬁnati'én Coﬁce"m"s and uncertainties

pot,entlal,sou,,rce of tension that could
undercut the efforts made by the Department
of Defense during the past few years to
reestablish closer ties with the university
research community.

The issues posed by the Admlmstratlon S
general policy of increasing control over the
dissemination of scientific and techniical
information involve a fundamental value
conflict between basic national security
coricemns and the need to preserve academic
freedom ThlS paper argues that the resolu-

standmg of whether the various controls now

in use; or under consideration; will be =ffective

in preventing a loss in this Nation’s tech-

nological lead over the Soviet Union; and

whether those controls can be lmplemented

without imposing unacceptable economic;
administrative; scientific; or political costs to
the American scientific enterprise.

The debate over the control of scientific
information has both substantive and pro-

cedural dimensions. The Government

8
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acknowledges that whereas the Soviet Union

has acquired a great deal of advanced
Armerican techniology by both open and
covert chianfiels, very little has corie thiroligh
such notmal mmodes of scientific communi-
cations as university graduate courses, lab-
oratory visits, confererices, and publicatiors.
However, the Government is concerned
that in the future the Soviets will more con-
sciously exploit the openness of the U.S.

system of research and graduate education

to gain access to advanced defense-related

technology.
The university community, while con-

ceding that the application of existing con-

trols has as yet created few real problems
for research or education, is concerned that
the vaguely delined; open-ended character
of that system could cause problems in the
tratlon Adt, for example, could beJnterpreted
as restricting dissemination of scientific
information directly applicable not only to
military technologies, but also to so-called
dual-use technologies. More seriously,
there is conicern that more stringent restric-
tions could be applied to the dissemination
of a miuch broader class of scientific infor-
miation in an attermipt to limit the outflow of
technologles to U.S. econoriic as well as
military competltors

~ The paper reviews sore of the funda-
mental issues that need to be addressed to

clarify the terms of the current debate and

-move toward a resolution: These issues

include defining “national security,” the

geographical scope of controls, what tech-

nologies are to be controlled, and what types

underlying those technologies are to be
controlled. Procedural questions dealing with
what forms controls should take and how
they are to be adapted; enforced; and
modified also need to be addressed. Regard-
ing this latter set. of questions; the paper
concludes that broadly drafted rules of
general applicability are likely to generate
more serious frictions between the Govern-

ment and the research community than those ...

that can be defined on a case-by-case basis
and tailored to a particular setting or a
particular techniology. If broader riiles are
used, the burden for making decisions
about their applicability falls heavily on the

-of scientific information and scientific activity

research community; with narrower restric-
tions, those decisions are either in the hands
of the Government and/or are negotiable
in advance.

Thie paper argiies, finally, that an enhariced
dlalogue betWeen the Government and the
anice on contractual restnctlons |n federally
sponsored research offer the greatest promise
for balancing the conflict between traintaining
national security and preserving maximum
scientific openness:

Information Policy

The control of scientific information for

national sectinty purposes is only the most

visible of a host of complex issues on the
national agenda that are associated with
scientific and technical information policy.
This paper suggests that policymaking con-
cerning scientific and technical information
cannot be considered in isolation. First; since
the generation and dissemination of scientific
and technical informafion is clearly an integral
part of R&D . policy;-decisions in this area

should be closely linked with R&D priorities
and management. Second. scientific and
technical information policy is biit one aspect
of the much larger domiain of information
policy and managerrent. These linkages
result in complexities in dehneatlng and
resolving science and techniclogy information
policy issues;

Two sets of issues are reviewed in the

paper: those having to do with access to

sc1ent1f1c and technlcal xnformatlon. and those

mation. Both sets of issues have become
increasingly urgent as a result of the rapid
growth and convergence of computer and
communications technologies.

. Access issues include the perennial prob-
lem of how to protect the confidentiality of
pe.sonal data gathered as a result of research
activities such as statistical surveys; psy-
chological examinations, and epidemiological
with. protectlng p,ropn,etary, nghts to com-
mercially valuable scientific information.
Traditional patent, copyright, and trade secret
copyright laws may, in the case of compuiter
software, provide inadequate ownership

%
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protection, and thus discourage industty from
making adequate investmments in software
developrrient. By comparison, in suich rapidly
developing fields as biotechnology that
depend hieavily on progress in basic research,
the overzealous protection of proprietary
nghts can limit scientific communication and

thereby inhibit the development of the field.

A final access issue is concerned with

possible U.S: responras to restrictions im-

posed by several other nations on the flow
of information across their borders: The paper
suggests that while there are many gcod
reasons why the United States should not
emulate these restrictive policies; it is im-
portant that U.S. foreign policies deal with
them more effectively. For that reason; the
economic and/or cultural rationale undet-
lying those policies needs to be more cleatly
understood.

‘Ecorioniic issuies associated with scientific
information have assumed particular im-
portanice because of the Reagan Admiinis-
tration’s policy of returning responsibility for
the development of commiercializable prod-
ucts and services to the private sector. One
unresolved problem is how to set a price on

information: collected .or generated by the__,__,.,

Federal Government that recovers a reason-

able fraction of the cost, while assuring

equitable access to that information: A closely

related problem has tn do with protecting

he private sector from unfair competition
ou the Federal Government; while assuring
‘hat the quality and accessibility of datz bases
‘hat have been the responsibility of the
Federal Govemment are maintairied. Central
o the resolution of these issues will be finding
vays to place a monetary value on informa-
ion products and ervices, and to determine
Uhfch types bf ihfdh’ﬁétibh §éi‘\ié thé biliéd
nterests more appropnate for pnvate sector
:ommercialization.

The paper reviews the debate on these
ssues, highlighting the major arguments in
avor of, and opposed to, further limiting
he Federal role in generating, organizing,
ind disseminating information. It concludes
hat there is a pressing need for a systematic
eassessment of pricing policies for Federal

nformation services; partxcularly since those

solicies differ considerably among Govern-

nent agencies. More generally, the paper

di
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suggests that authority and responsibility for
dealirig with scieritific and technical infor-

friation issuies within the Federal bureaucracy
need to be miore clearly defined. Concurrent
with such a review and possible restructuring
of Federal authority and responsibility in this
area, awareriess of scientific and technical
information pohcy issues needs to be en-

hanced among Federal R&D policymakers:

Likewise; rep: esentation of U.S: interests in
scientific and technical information ought
to become a more conscious element of
our foreign policy.

Encouraging the Implementa-
tion of New Technologies

The three papers that constitute the final
set in the compenditiri—Legal and Regu-
latory Imiplicatioris of the Video Telecori-
munications Revolution, Trends in Com-
puters and Communication: The Offxce of
the Future, and Fostering the Use of Ad-
vanced Manufactunng Technofogy-—are
exphcttly concerned with the effects of

emerging technologies on public policy, and,

reciprocally; .with :economic;-social-and -

political factors that affect the adaptation

and implementation of promising new tech-

nologies. Understanding these factors is
particularly important in view of the Admin-
istration’s policy to encourciée the éééelefaiiea

products and services and by so doing to
increase the productivity and intemational
competitiveness of American industry.

Eegal and Regulatory Impiications of

the Video Telecommunications
Revolution

This paper preserits a partxcularly nmely case
study in the way new technological capabilities
can challenge the rationale underlying a
long standing pubhc pohcy

The basic premise for the Commumcahons
Act of 1934, which still serves as the center-
pxece for Federal regulation of broadcastmg

and cable; was the presumed scarcity of

communications frequency bands in the

electromagnetlc spectrum: This scarcnty

assumption was entirely appropriate in 1934

when foreseeable communications tech-

10
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nologies rested on broadcasting within a

relatnvely limited region of the spectrum. In

view of the assumed scarcity of frequency

space; the framers of the Communications

Act agreed that a totally free market would

result in a highly chaotic situation that would
in turn distort the development of the broad-
cast industry. The Act therefore sanctioned
regulated monopolies by directing that
specific frequencies should be licensed to a
limited number of radio {and later television)
stations. In return for the privilege of limited
competition, the activities of licenscd stations
were to be regulated in the public interest
by & new agency—the Federal Communi-
cations Comimission (FCC).

Dunng the past decade, new comfnum
cations techriologies have all but made oot
the scarcity assumption on which the 1934
Communications Act rests. This is particularly
trae for video telecommnmcatlons where

the advent of cable; microwave; and satelhte

communications technologies has led to a

phenomenal increase in the number of

interference-free broadcast channets available

in a particular geographical region: The paper
argues that, as a result; the former Gov-
ernment-sanctioned and regulated regime

“withifi which-the broadcast industry-devel=—

oped is in the process of becoming a com-

petitive, unregulated regime.

_ The paper considers four broad pohcy

issues raised by this transition from a relatively

uncompetitive video market to one charac-
terized by competition and abundance:
¢ How shotild entry into the vileo market-
place be regulated—for examiple, iow
active shoiild the Federal Governiment
be in licensing, franchising, and tech-
nical standard-setting?

* To what extent and by what means
should video content be regulated——for
example should the Falmess Doctrinie
requiring a balance of presentatnons
on cortroversial issues be maintained

in a nonmonopoly envirorment?

* To what extent should the Federal

Govemment encourage a truly com-

petitive video market—for example;

what should it do about concentration;
cross ownership; and joint ventures
among media operations?

What dangers to democratic rights may
be posed by the video telecommunica-

C1

tions revolution—for example, invasion

of privacy and the widening of infor-
mation gaps between rich and poor?

All four issues involve complex economiic
and social factors: The paper posits that the

most likely scenario for their resolution dunng

the remainder of the decade is a shift in

both the substantive focus andthe locale of

video regulatory action: According to thIS

scenario, emphasis will move from a concem

with licensing standards toward maintaining a

competitive market. Since policy debates and
directives would then be carried on within
an antitrust framework; the locale of regu-
latory activity would most probably shift from
the FCC to the Congress and the courts.
The regulatory framework for video tele-
cominunications, involving as it does the
interplay of @ number of uncertain economic;
social, and techiiological factors, is changing
as the available technologies evolve. The
extent to which any individual riew techiiology
is ultlmately adapted and |mplemented for

large measure on the development of that

regulatory framework

cation: The Office of the Future

According to the Annual Science and Tech-

nology Report to the Congress: 1982, the
Administration intends to focus its R&D
support more sharply than in the past in

the service sector, in recognition of its growing
importance to the U.S. economy.? Recent
technological advances have considerable
potential to increase productivity in the service
sector. In particular, the use of computers
linked by communications networks could
lead to dramatic changes in the ways that
office functions are performed and, therefore,
in the ways that offices—and the larger
institutions they serve i both public and
private sectors—are organized arid managed.
The relatively recenit introduction of free-
standmg word processing facilities has
already led to some changes in office prac-

tices, although not, as yet, to the dramiatic

gains in white collar productmty that many

ekperts had foreseen: Ohe probable reason

is that word processors have often been

regarded primarily as labor-savmg devices

and introduced with little cr no advanced

xdii
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slanning about how to reorganize an office

sr redefine tasks to make optimum use of

teir capabxlmes

This paper describes a range of currently

available technologies; all of which are likely to
se implemented in the office of the future.
These include word processors with sub-
stantial stand-alone capabilities that can
;ommunicate with one another via telephone
inks; facilities to handle electronically all
-orrespondence within an organization as
vell as a good deal of commiunication
setween organizations; and teleconferencing
acilities to replace face-to-face rieetings. The
»pportunities offered by these innovations
o develop entirely new &@pproaches to
srganization, management, and control
>romise dramatic gains in service sector
aroductxvrty However, the fact that behawoxal
ind organizational factors are crucial to the
mplementation of computer-based office
echnologies may be a pnnmpal reason for
heir unexpectedly slow acceptance in the
narketplace

The paper discusses some of the factors

hat have impeded the implementation of

hese technologies: It also explores some of

he implications for the nature and organi-

ation-of-office-work-in-the-future;-and- for-—-corporate—strategles orgamzatlonal design;

he skills that will be demanded at various
evels within organizations if and when these
echnologies become commonplace. The
»aper concludes by identifying a number of
sconomic and social problems that are likely
o emerge if office automation proceeds as
inticipated. while noting that the natiire and
everity of these problems will depend on
he pace of implementation. Whatever that
yace may be, the demands on industry and
n educational institutions to define and to
yrovide the techmcal skills required of future
sffice personiniel are likely to be particularly
yressing.

Ianufacturlng Technology

‘he adaptation and implementation of

vailable and emergmg technologies for

ommercial use are particularly important

> manufacturing mdustnes During the past

ecade, several new technologies have made

ossible fundamental changes in manufac-

ring processes that could lead to significanf

iv
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enhancements in the quality of manufactured
products and to an overall growth of pro-
ductivity and international competitiveness
in the U.S. manufacturing sector. Substantial
contributions were made by American engi-
neers to the development of many of these
innovative technologies, including robotics,
computer-aided manufacturing; group tech-
nology, and flexible manufacturing systems.
Yet the United States has lagged behind
other industrialized countries in the diffu-
sion and implementation of advarced man-
ufacturing systemns. This lag has led, in patt,
to the erosion of our international competi-
tive position.

This paper argues that most analyses of
the relative failure of usS. 1ndustry to inicor-
jporate advanced process technologies have
been flawed by an almost exclusive concern
with macroeconomic factors. In contrast,

factors that deterrmne whether and how these

technologies are implemented at the factory

level have been largely ignored. Advanced

process technologies ought to be regarded

as complex sociotechnical systems rather
than as pieces of hardware: It follows that
their implementation into manufacturing

processes often involves major changes in

and human resource requirements.

For example; implementation of a robotics
system cannot be carried out effectively by
simply replacing human workers with
machines. Rather, making effective use of
robotics may require that entire production
processes be redesigned and new types of
tasks assigned to workers on the factory
floot. Suich modifications mmiost often require
that workers be retrained in riew skills. Equally
important, successful implementation of an
advariced robotics systern miay require the
active participation of workers in operational
decxslonmaklng, with mgmﬁcant implications
for corporate management practices: Thus,
implementation of these and other advanced

manufacturing technologies involves inter-

actions among different functional units within

~ a firm; with effects that may be radical rather

than 1ncremental

The paper argues that carrent efforts to

encourage the implementation of advanced

manufacturing systems in U.S. industry are

probably inadequate; given the inherent
difficulties in the technology transfer process.

12
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Federal effoits have been uneven, particularly
since miuch of the Federal R&D effort is
mission oriented. Universities, while reason-
ably active in the R&D uinderlyjing advariced
manufacturing technologies, have largely
ignored dissemination and implementation
problemsr The paper concludes that a sys-

tems orientation by both Government and

private industry will be required if U.S.

industry is to take full advantage of the

promise of these new technologxes

While the last set of these papers deals

explicitly with policies to accelerate the

implementation of new technologies, each

of the other papers in the compendium deals

with parts_of the broader question of how

the United States can make more effe;gyg
use of its superlative capabilities in 'science
and engineering to achieve its national

goals. As all nine papers make clear, attain-

13

ment of this broad objective will require, in

the words of the Annual Science and Tech-

nology Report to the (,ongress 1982 -
strong partnership among Government; in-
dustry; and academia; with each understand-
ing it responsibilities; assuming them to the
fullest, and carrying them out completely.™
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Abstract

A promising option for reducing the strain on Arrierican scienitific resources is cooperation

with other countries in those internationial activities that demand big staffs, complex man-
agerial arrangements; and large budgets—the so-called “megaprojects.” In the fiitiire, these
“big science” efforts increasingly may be pursued within an internatiorial division of labor
framework emphasizing the identification of particular areas of expertise or concentrations
of special facilities that provide unique opportunities for the U.S. scientific community.
The greatest potential benefit from such cooperation is improved economic efficiency, biit
the financial advantages of joint action are supplemented by the promise of important
gains in the innovation process itself and by the possibility that political good will among
the participants will be enhanced. But scientific cooperation on a large scale is not without
its obstacles and constraints. Bureaucratic inertia and resistance must be overcome, suf-
ficient planning capabilities must be linked to the cooperative venture, and systematic
evaluation of the anticipated and realized costs and benefits of the project must take place:
Moreover, the fragmented and largely incoherent approach used to date in formulating

and implementing cooperative scientific programs must be modified. At least four sets of

arrangements. Resolving these issues appears to depend upon the ability to develop a data
base defining the international division of labor in science, to generate greater coordination
among the various national scienice organizations, and to be more explicit about the funding

levels for cooperative projects.

Introduction

The more than 20-year era in which the
Urnited States was able to dominate the
global scierice and technology arena by
pursuing an aggressive, broad-front assault
on the entire menu of scientific and tech-
nological alternatives appears to be over.
Several factors have contributed to the end
of American dominance of international

science and technology.
__First, the long-term condition of reduced
rates of economic growth; combined with

inflation; has constrained the investment of
funds in both the human and the physical
resources available for scientific and tech-
nological activities. For example; as early
as 1981, analysts of the U.S. research and
development {R&D) system were observing
that a “fundamental turning point” had been
reached with regard to Federal funding.
Norideferise R&D has beer faced with tighter

either caricelled or deferred.!
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Second; U.S. leadership in scientific and
technological fields has given way to shared,
or even lost; leadership as the Western
democracies and other states have recon-
structed and developed in the postwar
period. This is particularly the case with

nomic Cooperation and Development)
economies, but ificreasing competition also
comies from a number of Convmtinist coun-
tries and a few industrializing less developed
nations.? The OECD states, especially West
Germany and Japan, have expanded dra-

matically their intellectual and productive
capabilities since World War II, and these
states have gone further than the United
States in exerting a measure of centralized
control over the formulation and imple-
mentation of science and technology policies.

As a consequence; they have become much
more competitive in international trade:
Third. the science and technology policy
priorities of most OECD  states; including
the United States, have undergone substantial
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nomic growth ra,tes,and to create ,employ,
ment opportunities has meant that industrial
lhthétibh increasingly has 'co"m'e to bé
nondeferise science and technology
priority. 4 Compare this onentatlon with the
1970s focus on such priorities as erviron-
mental protection or social development
and services.

Recogmtlon of these l!mrtatlonq lmpllclt
in actions of the Federal Government for

some time, now has been officially acknowl-

edged: For instance; George A: Keyworth;

Director of the Office of Science and Tech-

nology Policy (OSTP); has said of the emerg-

ing difficulties facing American scientific and
technological initiatives:

’As I have stated on other occasions, there

cannot expect to be preemment in all
fields; nor is it necessanly desrrable The

idea that we can’t be first across the

spectrum of science and technology is

Q?E,SJTBIY,?‘,!E‘PQD" of our current
mediately after World War Il this countrp
was alone in developing and pursuing
technology. Since then the rest of the
world has been catching up—with much
help from us’

Taken together these factors have made

international cooperatlon in science and

terhnology an especially attractive option:

Not only can joint action reduce the straln

>f other advanced;, 1ndustnalrzed countnies;
and occasionally those of underdeveloped
zountries; are welcome assets in the pursuit
of the benefits of science and technology.
Indeed; President Reagan himself has cited
‘he desirability of such efforts and the need
‘or this country to identify the “most fruitful
areas of cooperation.™

International collaboration in scrence and
echnology encompasses a vanety of sub-
stantive activities. These range from support
>f military and political alliances through
he lise of tmiore applled R&D to very
;lobal scientific communrty concerned wrth
he advancement of knowledge and the most

2
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basic aspects of research. Stich activities are
p’ursue’d th’ro’ugh’ ‘many different organiza
cludlng bllateral ormultllateral ,govemmental
relationships, or the use of interrnational
organizations. Many different participants
perform a vanety of roles in these cooperat]ve
natlonal governments private corporatiors,
and universities.” o

There appears to be some consensus in

the American scientific and engineering

community that one of the most promising

opportunities for U:S: involvement is in
international “megaprojects,” or so-called
blg science.”™ These are projects in such
areas as high-energy particle physics; outer
space exploration; or geodynamics re-
search that require exiremely elaborate
equipment and facilities and large teams of
professionals—requisites that typically
demand complex organizational and man-
agerial mechanisms, usually multilateral in
character, and a variety of participants,
including stuibstantial inputs from the private
sector and universities.?
A good example of a megaproject is the
European Center for Nuclear Research
(CERN) plan to bunld a new partlcle accel-
erator as part of its hlgh -energy physics
program: This large electron- -positron (LEP)

storage ring is desrgned to speed subatomic

particles around a circular tunnel 16 miles

long (by comparison, the Fermi National

Eaboratory's facility in Hlinois is 4 miles in
length). The first phase of the new CERN
accelerator is estimated to cost some $610
million; and the second. phase about $120
million more. The final cost might be as
high as $1 billion. Perhaps 250 physicists;
from both Westem and Communist scientific
éStébllShi’i’iéhtS _would bé ithlVéd ih thé
pa,rt,ncrpatlon is projected to be some $20
million. If it is approved, the LEP woild
represent the largest American comimitment
of this kind. Given coristrained domestic
finances, the LEP proposal has been terrmed

" an ac1d test” of U.S. involvement in coop-

erative international science projects. !0
Uricertainties about the size; scope; and
skill mix of megaprojects like the LEP are

the greatest incentives for American involve-

the most

ment and; at the same time;

15
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éighifi'caht sources of opposition to_inter-

_~nhational cooperation. On the one hand,

siipporters of collaboration argue that the
cost of U.S. unilateral action in big science
projects inicreasirigly is prohibitive. Moreover,
many proponents of cooperation have been
critical of the traditional “potrk barrel” way
in Wthh somie funds have been allocated
amorig U.S. scientists in big science areas.
On the other hand, opponierits of cooperation
stress the underfunding of American projects,
and they ask difficult questions about how
the costs, risks, and benefits of collaboration

are to be determined and distributed

among participants:i!

Faced with such sensitive and controversial

issues, U:S: policymakers have been searching

for a more systematic way to choose appro-

priate targets of opportumty Increasingly,

the Reagan Administration is approaching
such choices in the context of an “inter-
national division of labor” framework: That
is. there is an attempt to identify special
areas of expertise, concentrations of particular
skills or equipment. or other characteristics
of the global scientific infrastructure that pose
attractive opportunities for U.S. involvement.
As OSTP has argued:

We must now think in terms of an inter-

national division of labor; where achieve-
ments in one place can complement those
in another. Through cooperation with
other developed nations, we can achieve
a more efficient distribution of the burden
of scientific and technological research
on a world scale and provide access for
U.S. scientists to special or unique facili-
ties abroad that would be prohibitively
'co'stl'y to reproduce at home.12
Although hardly a new idea—it has been
suggested for years that greater intemational
use_should be made of certain national
facilities—the use of this approach as a
decision framework still is new to this country.
Nevertheless; enough is known to make it
clear that an international division of labor
orientation has some key advantages. First;
it incorporates the requisite of budgetary
discipline into the choice of appropriate
tardets of opportunity. Second, because it
focuses atteritiori on the uriique resources
of other societies, it holds the promise of
simiplifying sormewhat the process of making

16

decisions aboui potential partners; institu-
tional mechanisms, and areas of cooperation.
Third, it makes explicit a criterion, economic
efficiency, by which choices can be made.
Cleatly, déﬁhihg operational evaluative criteria
appears to be a very important requirement
when attempting to assess such complex
scientific ‘uridertakinigs as megaprojects.
The plrpose of this paper is to ask: What
issues are likely to confronit the division of
labor approach to American participation
in scientific megapro;ects" And how can these
issues be resolved? Following a background
discussion of the opportunities, difficulties,

and conditions for success in mternanonal

scientific cooperation; the emerging issues

likely to pose obstacles for U.S: involvernent in

science megaprojects are outlined. Finally,

some policy options for contributing to the
resolution of these issues are delineated:

Background

The substantial opportunities and benefits
associated with international cooperation in
science always must be weighed against a
set of very real difficulties and costs, and
the balancing of these factors places national
decisionmakers in something of a dilemma.
This is because in an international setting;
national governments almost always have
multiple policy goals and objectives regarding
the performance of the scientific enterprise,
and these goals and objectives often are in
direct conflict. To cite orily the irost obvious
example, a balance must be struck béﬁﬁééh
the use of research to support dormestic firms
in the international marketplace and the
reliance on cooperatlve veritures to reduce
the high costs of acting in isolation: In short,

decisions must be made regardlng the inter-

national costs and beneflts of coopemtlve

the opportunities and limitations of coop

eration almost always are diverse and to
some degree a function of a particular
definition of national interest; the hierarchy
of public policy priorities; and the perception
of international comparative advantage It
is possible, however, to make some gen-
eralizations about the relative benefits and
costs of international scientific cooperation.

3
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The major opportunities and benefits
generated by involvement in cooperative
scientific endeavors are as follows: )

¢ Making greater resources avallable in

termis of information, knowledge, and
know-how necessary for any scientific
activity,

¢ Making p0551ble a wider range of toplcs ‘

 and a broader range of approaches;
* Reducing the financial burden on all
pamc:pants

Speeding up the entire innovation proc-

ess; from basic research to application;

Reducing wasteful redundancy; and

Enhancing good will and communica-

tion among the participanis.!4

These benefits fall into three broad cate-
gories: the facilitation of the innovation
process itself {the first two points), financial
advantages (the next three points), and
the provision of political opportunities (the
final point).

The development and malntenance of
good will among partners often is cited as
an important political advantage of inter-
nationial cooperation, althiough this set of
beriefits is of the lowest priority and the most
difficult to calculate. nghly symbolic aspects
of megaprojects, such as* ‘space handshakes”
between U.S. and Soviet astronauts, have
been justlfled in terms of polmcal benefits
of this sort. In addmon to the assumptron

that cooperatlon will improve transnational

understandmg and bmld an appreciation for

and tolerance of various cultural and philo-

sonhical factors; it is assumed that scientific
cooperation can serve as a useful diplomatic
tool: In other words; collaboration in scientific
activities often is viewed as a useful way to
signal approval of the actions of another
nation; while the withdrawal of cooperative
programs is presumed to send important
messagdes of condemnation.!® Such was the
case with the limited curtailment of American
cooperation with_the Soviet Union in the
wake of the invasion of Afghanistan, These
are, however, only signials and symibols. No
matter how valuable they are in the political
context, such advantages of scientific coop-
eration are unlikely to provide the basic
rationale for engaging in experisive mega-
projects, especially in a future likely to be
dominated by constrained resources:

RIC
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Far more significant are the benefits that
cooperation provides to the innovative
process itself. In the absence of collaboration,
the attainment of a critical mass of expertise
and funding may be unpossxble As a con-
sequence, some projects will not be under-

taken and others will be scaled down: For

example; the Intemational Geophysical Year

would have been an unthinkable undertaking

without global cooperation: Also; a variety

of participants makes available a broader

range of analytical approaches; methodol-
ogies; and research techmques than would
otherwise be the case. No nation has a
monopoly on scientific ingenuity, and the
unique resources and talents of many smaller
countries are not likely to be utilized in the
most effective manner unless cooperative
relationships are established.

~ Most attention in the United States has
been devoted to the direct finaricial berefits
of rmegaprojects. As oitliried above, these
include the reduction of time, elimination
of some duplication of effort, and the
spreading of costs over a larger group of
actots. In the past, srgnlflcant benefits have
accrued to the United States in each of

these categories. For exampler the State

Department cites task sharing with foreign

scientists and laboratories in the lunar sam-

ple analysis program as having saved the

American taxpayer more than $5 niillion:

Slmllarly, v1sits to laBoratorles and ex-

$150 000 by helplng American screntlsts
avond research duphcatlon 16

payoff from, most ,,cooperatlve activities |s
sketchy, and often the economic benefits of
such projects are not subject to quanﬁﬁcaﬁon
Secorid, cost overruns in the managemerit
of megapro;ects are senous potennal liabilities

financial analy51s And thlrd despite the

problems encountered with duplication of

effort, a certain amount of redundancy in

the scientific enterprise clearly is desirable

as a crosscheck on the validity of results

and findings:

17
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The most significant difficulties and costs

associated vmth international cooperaticni in

science are:
¢ [nherent difficulties in meshing disparate

national bureaucracies;

Delays in reaching decisions among

differing political and legal systems;

Complications of varying decision

processes; priorities; and competencies;

Costs of international bureaucracy;

The danger that political inertia; which

makes projects hard to start; but even

harder to stop, will dominate;

* The possibility of drains on national
research budgets because of interna-
tional commiitiments;

e The tendericy to undertake, interna-
tlonally, only low-priority projects; and

* The apparent conflict between coop-
eration and improving a nation” 's com-

petitive position.!?

In one way or another, each of these costs

of cooperation has to do with the dynamics

of national and international organizations,

especially bureaucratic ones: Bamiers to the

implermentation of 'megaprojects include a
host of differences among national decision-
making procedures; consent mechanisms,
and legal frameworks. The degree of cen-
tralization of science policymaking; or the
comprehensiveness of national scientific
planning are only two examples of the
factors that help determine how well par-
ticipants in cooperative ventures are able to
mesh their bureaucracies.

An even more troublesome obstacle to
cooperation is posed by the very different
national scierice policy priorities that riust
be integrated into a megaproject. Clearly,
nations have very different rationales for and
rankings of basic goals and objectives, siich

as the desire to maximize industrial innovation

or the need to maintain the natxonal knowl

edge pool, and these divergent priorities pose

major constraints on cooperation: This is

especially the case glven ther fact that these
goals and objectives seem_increasingly to
be linked to nonscientific foundations; As

the OECD has observed:
(T)he process of policy formulation for
science and téChhblng) tht‘éégiﬁgly
appears to be based, in some countries

18

at least, upon broader political currents.
This is so for a number of reasons but its
implication is that the policy process is
gradually comiing to reflect individual
national political valiies and traditions,
rather than something generally charac:
teristic of science and technology.!®

Thus; the general pohcy style or polmcal

culture of a country may be a more important

determinant of science policy than any

identifiable importance attached to the

scientific enterprise itself or to any specxal

benefit assumed to result from the support
of that enterprise. This is not to argue that
there isn't considerable consistency between
OECD sciciice policy priorities; but that those
goals and objectives are far from identical
and are shaped by the individual economic;
foreign, and $ocial policy concerns of each
country. For example, even the current
erfiphasis ofi stimililating industrial innovation
within the developed world masks important
national differences in emphasis, and gov-

. ernment R&D expenditures in this area

actually have beeri ori the declinie iri a number.

of countries (Belgium, Sweden, and the

United Kingdom, for example).!9

Given these kinds of complications, it is

no sdrpnse to ﬁnd that bureaucratlc inertia

is a major concern in megaprojects. In

addition to the constraints outlined above,

four other factors seem to contribute to delays

and higher costs in big science efforts: the

requirement to spread financial and man--

power resources over a number of scientific
problems at the same time; the long time
frames within which such. prOJects operate;
which generally means. that management
has trouble specifying the duration of any
particular activity; the difficulties involved in
maximizing interaction among a range of
acaderriic discipliiies and other professions;
and the rigidity that seems to accompany
projects overseeing large groups of experts
from diverse national backgrounds.?

The problems encouritered in orgamzing

cooperation contnbute to the hlgher total

cost of international projects, although as

noted above; a significant benefit to each

participant is the lower cost. But even the

reduced financial burdens of involvement

in a collaborative effort may be resisted by
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domestlc research agencies: As in any

bureaucratic setting, specialized knowledge

and research funds are major sources of

polmcal power—sources that may not easily

be committed to international ventures. if

such a policy commitment means a transfer

of budgetary or personnel authority to an

international organization or a different

agency: This tendency to protect bureaucratic
territory cannot be overemphasized, and, in
a time of intense competition among agencies
for funds; the skepticism about intemational
activities naturally is heightened. All this helps
to explain why cooperative efforts tend to
be assigned relatively low priorities in most
OECD sciefice polici2§ and why intemational
collaboration generally is placed at a severe
disadvantage in the bireaucratic policy-
making process.

Finally, while certamly there is o checklist
of how to siicceed in international scientific

cooperation, it is useful to specify some of

thie lessornis learned in this arena: A review

of the literature has revealed the following
1mportant conditions:

. lntergovemmental cooperanon must be

based upon an awareness of the political

context; and the further the program

moves toward applied research; the
more precise the political 1mpllcahons
must be.

e [t is important that there should be
similarity between partners, both in sci-
entific and technical development, and
in economic development.

e Aims of the joint action must be clearly

defined at the outset.

A general preparatory mechamsm for

contact and discussion is necessary to

launch, define, and mount the joint
effort.

e Adetailed cost-benefit analys;s of various
potential institutional frameworks
should be conducted:

e Direct cooperation between national

estabhshments is preferable to the cre-

ation of an international body.

e A balance between equity {returns in

relation to investment) and efficiency
(entrusting work to. those_most com-
petent to perform it) must be reached.
¢ Adequate mechanisms for supervision
and responsibility in monitoring and
management must be provided.
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The international program should not
compete with national programs—it
should complement them.
¢ Red tape must be mlmmued and the
delegation of responsibilities maximized.
 Budgets should extend over a number
of years to ensure firancial stablhty“
Essentially, these factors point to the
necessity of anticipating the relatlverco’srs
and benefits of cooperation systematically
and comprehensnvely Planning appears to

be a requisite for success in cooperatxve

projects. Also Important is the ability to

balarnce pohtlcal and sc1entiflc vanables ina

pragmatic way. Of course; an underlying

assumption of these conditions is that there

lS some consensus about what constitutes

“success’” in an international scientific en-

deavor: In fact; such agreement has been
difficult to achieve. Debate about the most
appropriate indicators of project success
apbéars to be endless, with some analysts
arguing that the scientific significance of the
results produced by the project is the only
legitimate guideline, and others pressing for
the application of broader standards. Thus,
it has been sugdgested that the degree to
which the continity of scientific activityin a
country has been enhariced by a project
is the best criterion for determining

project success.?
About the best that can be sald for the

current state-of-the-art of project evaluation

is that something is knOWn regardmg the

componernts that mahy nations appear to

consider as being conducive to intemational

partnership: Thus; scientific projects that

succeed as intemational cooperative ventures

are typlcally related to subjects that transcend
objectives rather than,commercnal anms,and
correspond to the political objectives of the
countries involved.? Moving beyond these
factors to more systematic anialysis reqiiires
more explicit evaluative criteria. It i§ here
that the Reagan Administration’s division
of labor approach ultimately may have its.
greatest appeal. Becalise this orientation
mandates an efficiency standard and a hard
look at the scientific capabxlities of other
developed societies, success may be easier

to define—ecorniomic payoff in the area of

industrial innovation; for example: But im-

plementing such proach will not be
18
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easy. A number of emerging issues must be
faced and resolved if American involverrient
in megaprojects is to succeed within a division
of labor approach.

Eﬁiéi@iﬁg Issues

strategy The approach used to date in whrch
decisions are based as mitich on the overall
foreign policy climate as on any particular
scientific considerations, accurately reflects
the primacy of pOllthS But it is also a

conseque-ice of the very real problemis

inherent in long-range planning for science

and the dangers of overplanning in an

environment that changes as much and as

rapidly as science:* Because today’s inter-

national scientific programs increasingly are

dominated by the problem of funding;? this

hotgun approach no longer is vrable
however, will T require coming to grips with
some of the most intractable formulation
and implementation issues. A big science
future based on an intemational division of
labor will face at least four such issues: choice
of substantive areas of cooperation, choice
of partniers, choice of 'o"rg’a'hiz'ari'o'n'al and

funding arrangements.

Choice of Areas of Eoopéréiion

The most fundamental issue confront:ng u. S
participation in megaprojects is the difficulty of
specifying futtire opportuniities. Scierice policy
frequeritly is shooting at a moving target,
anid the ability to identify those internationial
projects that wrll extend and complement
domestic activities is made mote coriplex

by the need to take into account not orily
our own dynamic national interests but also

foreign capabilities (facilities, personniel, and

other resources) and the changing science

policy priorities of other countries:

Getting a reasonable picture of scientific

capabilities across national boundaries is

relatively easy, and this is where most of the

attention to date has been focused: Beter-

mining how these capabilities are likely to

be utilized in a hierarchy of constantly

<0

changing science priorities is not so easy.
This is as true of broad shifts in emphasis;
such as the lower priority attached to social
objectives (health or pollution research} by

the mid 19705, as 1t 1s of more. subtle changes
ifi goals, like the higher rariking of regional
ecorioitiic developiierit ini th# scierice policies
of many industrial societies. Yet the ability
to anticipate and monitor such changes in
priotities, especially in OECD countries, is
crucial for big science efforts. Clearly, shiould

the goals and objectives of these potential

partners d|verge too radically from our own,

cooperation would be made more difficult.

But too much convergence in priorities also

could be dysfunctional: if industrial innovatior

and economic growth have become the

central concerns in most of the developed

world; as appears to be the case; cooperation

might take a back seat to pressures for
competitiveness. According to Tisdell:

Several governments and socretres see the

strategy of increased international com-

petitiveness’ of domestic mdustnes en-

couraged by appropriate government

S&T (science and technology) policies

as a means to solve unemployment

reduce inflation and increase economic

growth. Countries such as Japan and

Germany appear to have used such
pOllCleS successfully They can work but

more, the more countries that indulge
in these policies the greater the chance
of thésé pblitiés hbt belﬁé sij'c'céssfiﬂ lﬁ

pllc1tly beggar-my nelghbor pollcies rbut
they could become so in an inflexible
ecoriomic world. Thus new difficuilties for
this realpohtik strategy coiild arise on a
global scale even ignoring the possible
adverse long -term effects on the environ-

ment, the depletion of resources and the

social fabric of society.26

To avoid this possrbtllty more compre-
hensrve and systematic priority assessments
in the area of science policy are needed.
Not only do we rieed better information about
the soc1al methods by which science pnont:es

imization of cooperative projects requires

better understanding of the ways in which
7
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formal goals and objectives are translated
into funding allocations in science budgets
in other societies.?’

Even assuming comprehensmn of the
range of national science priorities and that
these goals and objectives are, on balance,
compatible with our own, there are additional
dangers associated with the current thrust
of American cooperatiVe Scierice strategy.
Because a division of labor approzch stresses
building uipon the strengths of the existing
internationa) science system, there is the
polenitial that scarce resources will be con-

centrated in a few established bxg science

fields, like high-energy particle physics. Given

the past appetite of megaprojects for money

and expertise, resources may not be available

for cooperative ventares in less prestlglous

fields such as environmental protectnon or

the social lmphcanons of science: It can be

anticipated that the great value now placed

on cooperation that has the hnghest potential
for leading to direct economic benefits or
that facilitates industrial innovation will only

work to reinforce this tendency.

Choice of Partners

The OE(D states provide the miost attractive
opportunities for American involvement in
megaprojects. Since similarity between pat-
ticipants (on scientific, economic, and political
dimensions) appears to be a crucial requisite
for project Siiccess, the other Western in-
dustrialized derriocracies naturally have been
viewed as the logical U.S. partners in coop-

eratiVe science ventures. Because Western

Europe, Canada, and Japan have capabilities

closest to our own; there is more under-

standing of the potential targets of oppor-

tunity, and there is substantial experience in

scientific collaboration within the OECD

framework and related global institutions.

For some time, many of the most productive
U.S. cooperative programs_have involved
O©ECD nations. Examples of such ventures
would include the 1979 U.S.-Japanese
agreement to cooperate on fusion research,
and the 1980 French-American oceanog-
raphy cooperative program.?® A division of
labor approach to futiire scientific collabora-
tion appears to offer promising payoffs with
these countries. There are, however, sorre
jmportant issiies raised by focusing America’s

8
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international science policy on potential
ifiteractions with other Western nations.

I the first place, enthusiasm aboutithe
benefits to be had from megaprojects may
niot be as high in other dernocracies as it is

here. There is ample evidence, for example;

that pubhc spending on big science has

leveled off and even declined in many OECD

countries® Even wnhm a cooperative frame-

work, there may be the perception that

megapro;ects spread national resources too

thin and that too many other opportunities

are foregone as a consequence of channeling

of scarce resources to big science. Moreover,
there are doubts throughout the OECD
system about the level and stability of the
various national commitments to intemational
projects. This is as true of the United States
as of any other OECD member state. As a
recent study by a committee of the American
Congress pointed out, “the United States
appears to have international cooperation
less on its mind than most of the nations,
developed or undeveloped, with which it
deals."® This point has been amplified by
Skolnikoff, who has argued that:
Successful cooperation also requires
reliable partners. The record of the United
States in modifying or abrogating agree-
ments makes future agreements harder
to reach. Most recently, the proposals to
cancel the coal liquefaction developmierit
project with Japan and Germany and to
withdraw from the International [nstitute

of Applied Systeris Analysis have dam-

aged our reputation as reliable partners3!

If scientiﬁc cooperation is to succeed, par-
ticularly in megaprojects; participants must
somehow divelop more consistent, longer
term commitments, despite the very real
exigencies of domestic and foreign politics.

Finally, it is not clear how an intemanonal
d1v1510n of labor decision framework wnll affect
the ability of less developed soaeties tp
patticipate effectively in megaprojects. It is

certain that a number of the newly indus-

trializing states, such as Mexico and Brazil,

will play important roles in future global

cooperative ventures. But because the re-

sources for research are so concentrated in

the developed world; there is a danger that

significant Third World capabilities will be

overlooked in the effort to maximize the

21 .
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scientific talents of the West. Much better
information about the scientific resources
and policy priorities of less developed coun-
tries is 12eded before major Third World

‘involvement in a division of labor framework

can be anticipated. A comprehensive inven-
tory of the availability of scientific facilities,
equipment, materials, and expertise in the
underdeveloped world wotild help to resolve
marniy of these uricertainties.?2 Even with the
very substantial obstacles posed by differences
in levels and rates of econormic and scientific
development with the threat of political
instability, and with the pressing needs for
more applled research and development in
the Third World, opportunities for collab-

oration exist and are ignored in this country

at some cost and risk:

Choice of 6iéaﬁiiatioﬁ5i Ei'id

The pen‘ormance to date of megaprojects
and of the U.S. science policy machinery
suggests several 1mportant issues regarding
First, there are a set of issues havmg to,d,o
with the appropriateness of existing 1J.S.
planning and policymaking structures for
future collaboration in big scierce. If mega-
projects are to be tailored for specific eco-
nomic and scientific payoffs, then an efficiency
criterion appears to demand a fairly com-
prehensive and possibly somewhat centralized
oversight and review capability at the national
level. This teridericy is made more dramatic
by the consensus in this country’s science
policy establishment that cooperation is

facilitated by the use of a relatively large

number of bilateral and multilateral arrange-

ments: The conventional wisdom is that these

modes of organization are easier to design
to more precisely match national interests
than is the use of existing international
organizations or the creation of new inter-
natlonal bodles

l)ecome crucral tofmlmmxze,fragmentatron,
duplication of effort, and all the other
bureaucratic ills distijssed above Uh’for’

22

American orelgn pollcy has grown sub-

stantially in the last several decades; there is

less evidence that this has resulted in a

coherent program in the national interest:

Critics of the U.S. Government's leadership

and organization in science policy emphasize

that while there are important advantages
assocnated thh our decentralized system,®

leads tn poor coordination of initiatives;
contflicts in policies and goals, inadequate
participation from the science community,
and a weak sense of international mission.
Each of these shortcomings may prove to
be damaging to a division of labor orientation.
Organizing complex big science projects

according to anything like the conditions—

for success oiitlined above (the use of
extensive preparatory mechanisms, wide-
spread application of cost-bernefit analysis,
systematic delegation of managdement re-
sponsibilities and provision of stable, long-
term budgets) will be difficult in the current

system. All this does not imply the need for

massive reforms through therextensnve

reorganization of existing agencies, nor the

creation-of-new-bodtes{along-the-fines; for
example; of the proposed Institute for Sci-
entific and. Technological Cooperation); but a
clearer delineation of the responsibilities for
cooperative policy formulation and imple-
mentation within the OSTP/Department of
State/National Science Foundation frame-
work is needed.

The second set of Lissues refers to the
management of big science projects them-
selves. Here, the major problem in the past
anid thie miost significant bartier to the sticcess
of megaprojects in a resource-constrained
future  appears to be the mablhty to establish
and maintain satisfactory mechanisms to

involve nonuniversity elements of the private

sector. One of the most attractive aspects of

an international division of labor in science

pol1cy is the potential for tapping more

systematically the capabilities of industrial

firms at home and abroad: To date it has
been difficult to link corporate resources to
collaborative projects in ways that are in the
national interest.® Especially troublesome
is the tension between cooperation and
competition in the intemational marketplace;
and the resulting danger of a rise in pro-
tectionism among the Western industrial

5
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states. Resolving iiis issuie will require coming
to grips with the very different scientific
priorities of private firms (the emphaSIS on
more apphed activities, for example); as Well

as recogriizing the S|gmf|cant disparities in

decisionmaking styles and mechanisms

among multinational corporations and

smaller companies:

Underlying many of the institutional and

ranagerial problems encountered in mega-

projects is the issue of funding: For some

time, American cooperative programs have

been dominated by the problem of securing -

stable financing in an era of budgetary conflict.

natnonal pohcy agenda as the benefits and

opportumtles created by collaboration are

contrasted with the economic realities of

atternpting to pursue unilateral projects. As

a representative of the U.S: Department of

State has put it:

Indeed, the advantages appear to be com-
pelling eriough to suggest that cooperatlve
approaches should not be regarded as
exceptional; rather, their potential and

promiise should be routinely considered

as research plans are formulated.¥”
Yet, the attractiveness of international col-
laboration has not prompted a rush toward
the maximization of the potential benefits

Q

Each of the most common methods of
financing U:S: collaborative efforts (direct
payment by each snde of its own costs, each

payment by the couniry that beneflts ele. )
has advantages but each also poses bamers
methods reduce,flex1b1,hty induice relatwely
short-term outlooks, and expose intemational
programs to budget cuts because of difficuilties
in specifying benefits. As a consequenice,
several reforms have been suggested. These
include the creation of an interagericy fund
for lnternatlonal cooperation in science and
techniology. the establishment of a special

fund to promiote certain cooperative efforts,

and the creation of a separately funded

organization for scientific and technological

cooperation: % Each of these proposals tries

to reduce the vulnerability of cooperative

projects by making it easier to demonstrate

the relative merits and liabilities of such

actlmtles and by stressing the strategic sig-
nificance of collaborative ventures.

Budgetary reform also would contribute
to the resolution of many of the organizational
and managerial issues outlined above. Any
rationalization of the planning process in
the national science policy instituitions is to
some extent a function of improvements in
the ability to assess costs and benefits of
cooperation, and, as rioted, this is difficult
to do in the existing finarcial management

system.

Policy Options
International cooperation ifi big scierice has
moved up the hierarchy of priorilies on tlie

10

RIC

Aruitoxt provided by Eic:

of joint scientific ventures. It appears as if
we continue to view the promise of coop-
erative projects as exceptional rather than
routine. In this environment, opportunities
will be inissed until aid unless policy ircer-
tainties, such as those oiitlined above, are—
addressed. At least thiree policy optioris may
h'o’l'd some promise f’o"r helping tc resolve

in big science.

Data Base Defining the Internatiofis]
Division of Labor

Before we are fully able to operationalize

an international division of labor decision
framework we must know what it looks like:

A major reqmsxte for future advancements

in megaprojects, therefore; appears to be

the generation and compilation of informa-

tion regarding the Eange of scientific capa

bilities in place or likely to be developed in
the world; and more importantly; the various
priorities likely to be attached to these
capabilities by the diverse nation stotes. We
simply need much more comprehensive data
about scientific institutions, personnel, re-
sources; and needs in the OECD states,
Communist countries, and the nations of
the Third World. And, as discussed eatlier,
we urgently require systematic information
on the ways various countries are likely to
'ra'rik these capablhtles in the short mld

States has available thns kind of compre-
hensive data barik can the intermational divi-

sion of labor in bxg scienice rmove bevond rhet-

oric to an operational decision framework:

23




Of course, riiich of this information already
exists, but it has not been collected and
complled in such a way as to permit aritici-
patory cho:ces Our data regard1 ng capabilities
and priorities is so limited and fragmented

that we have been forced to operate in a

reactive; ad hoc mariner. We need a master

roster of al! potential partners, including those

who for various reasons are today considered

“beyond the pale” (for example, Cuba, North

Korea, or Vietnam),?8 that lists estimates of

current and projected expenditures on a
range of scientific priorities; and identifies
overlaps and gaps with our own situation:

It is essential that this data base go beyond
a characterization of national governmental
capabilities to include what is known about
the use of laboratories, research institutes;
and other mechanisms for .carrying out re-
search overseas. We have leamed that the
OECD experierice in these areas offers some
helpful suggestlons for our own case,* and

Agencies such as the National Science
Foundation, as well as universities and
nongovernmental professional scientific
organizations, will each have unique and
important contributions to make toward
the siiccess of cooperative international
scientific activities. The National Science
Foundation, by virtue of its fundamental
and broad-based scientific program,
should take the initiative, in cooperation
with the Department of State and other
agericies as appropriate, to bring together
potential international partners tc accom:
pllsh the necessary plannlng and imple-

mentation for international sharing or

collaboration in fundamental scierice and

engineering research:10
And the Board had the following to say

about putting this recornmendation into
operatlon
The nature of science requires that its

international dimension be considered zn

understandmn of

Q
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global patternis could expand oiir options
dramatically. Similarly, no attempt to define

the international division of labor in science

will be complete unless better data is made

available on the resources and expertise

currently in existence and likely to be mobi-

lized by the private firms operating abroad:

Coordination of U.S. Cooperative

Programs

A move toward some grea*er coordlnatlon

of U.S. cooperative programs is implied in

the need for a data base defining the inter-

national division of labor in science: Improved

information on potential areas of cooperation
and possible partners in megaprojects will
be useful only to the degree that there is a
more coherent system for building consensus
and making choices at the national level: At
the same_time; it must be recognized that
each of the major Federal science policy
organizations has a strong sense of its mission
and that previous attéempts to improve
coordiniation have been of limited siiccess.
The National Scienice Board has. recog-
nized the need for far miore active Federal
coordmatmg mechanlsms Ini its **Statement
on Science in the lnternatlonal Setting,” at

its September 1982 meeting, the Board

argued that:

24

organic aspect of the scientific enterprise:
This dimension must be actively provided
for in all Foundation programs; from
education and fellowships to the various
disciplinary efforts in the natural sciences;
social sciences, and engineering. Planning
for new facilities and the setting of priori-
ties for miajor Scientific investigations and
prograitis shiould be cairied ot with the
full recognition of the priorities of other
countries and in an environment which
encourages complementanty or planned

supplementation, cost shanng, and

coherence of th the vanous efforts of coop-

Foundation orgamzatlon and manage-

ment procedures should reflect these
principles.?!

Most of our potential partners in big science

endeavors already have moved beyond this

modest effort to centralize national policy

for international sc1ence. and at least some

reforms along this line appear to be a requisite
for this country to be able to take meaningful
action when the benefits of cooperation
manifest themselves.

Line Item in Each Agency Budget for

“Intemational Science Activities —
Calls for incorporating international coop-
eratiVe prograims into the intemal bureaucratic

11+
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decisionmaking process in an “organic” way
will rémain just talk until we are more explicit
about the funding levels for these activities
amiong all Federal agericies. Because political

¢ wer ultimately is linked to the budgetary

prucess. establishing international science

as a separate line item would have the

advantages of defining the fiscal dimensions

of our international cooperative commit-

mients, developing a more refined calculus

of the savings and benefits to domestic

programs of our international activities, and

removing intemational cooperative initiatives
from their second-class status and thereby
reducing their vulnerability to budget cuts
in the future.*2 Science policy cannot help
but be improved if we remove the current
uncertainty about the funding levels of
international cooperative programs as a
whole. and the funding commiitments of
specific agencies.*> We simply must base
our decxs:ons on more coherent understand
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orative ventures and the ratioiiales underlying
these expenditures. Otherwise, attempts to

develop systematic preparatory mechanisms,

including the more widespread use of cost-

benefit analyses and the expansion of our

capabilities to evaluate cooperative projects

on a comparative basis will continue to be

based as much on faith as on empirical

evidence of the success or failure of joint

scientific endeavors:

Notes and Refereirices

1. Logsdon, John M. “Introduction: Tfhfe’ Bﬁeﬁsearfch

System Unider Stress:" In John M. Logsdon fed.}.
The Research System in the 1980's: Public Policy

fssues. Philadelphia: Franklin Institute Press; 1982,
pp. 1-11; and Shapley. Willis H.. Teich, Albert H.,

and Breslow: Gail J. Research & Development
AAAS Report V1. Washington. DC: American

Association for the Advancement of Scnence
1981, p. 17.

2. President's Commission for a National Agenda
for the Eighties. Science and Technology: Promises
and Dangers in the Eighties. Washington, DC:
U.S. Goverrimerit Priniting Office; 1980; pp, 17:27.

3. Tisdell, C. A. Science and Technology Policy: Pri-

orities of Governments. London: Chapman and
Hall, 1981, pp. 106-148,

4; Organisation for Economic. Co-Operation and
-Development- Sc:ence andTechnoTogy Policy. /or

Operahon and Development 1981. pp: 33.37.

12

RIC

Aruitoxt provided by Eic:

9. Adams John. “Reflections on a Big Science.” Sci-
ence and Public Policy, vol. 9 (April 1982): 81.87;
A good illustration of jays in which the scope
of many megdaprojects demand international col-

laboration is provided by geodynamics research.
See Drake Chatles L and Maxwell. dohn C “Geo

Science, vol: 213 (3 July 1981): 1522,

10. Broad, William J. A $20-Million Test of Coop-
eration.” Science; vol. 217 (20 August 1982): 710-
712: and Organisation for Economic Co-Operation
and Development op. cit. pp. 126-127.

11. Ibid.; and Robinson, Anhur L. “CERN Gives Nod
to Four.LEP. Detectors." Science. vol. 217 {20
August 1982): 722

_l2. Offnce of Scnence and Technology Pollcy in coop:
Annual Science and Technology Repon to ,t}le
Corigress: 1981. Washirgton, DC: U.S. Govern:
ment Printing Office. 1982, p. 137.

13 Bobrow; Davis B_and Kudrl& Robert T. “E
R&D: In Tepid Pursuit of Coliective Go
International Organization. vol. 33 (Spnng

1979151,

14. Statement by Nelson F. Sievering, Jr.. Assistant

Administrator for Internation . Energy

Research and Development Administration, Before

the Environment, Energy. and Natural Resources

Subcommittee of the House Committee on Gov:

erniment Operations. May 12; 1977 p. 3; and

Organisation_for Economic Co-Operation and

Development:. Energy R&D. Paris: Organisation

for Economic Co-Operation and Development.

1975, p: 154,

" 15. Chinn, Herman L. “International Cooperallon in T

Scientific and Technical Research.” Paper pre-

25




16.

17;

pargefdifqg the National Science Foundation,
December; 1979; pp: 12-13 (mimeographed).
Department of State. International Scientific
Cooperation—A Summary of Tangible Benefits,
Washington, DC: U.S. Department of State, 1974,
pp. 3:5.

Skolnitkoff, Eugeng B. Scnence . Technology and

International Security: A Synthesis:™” In Teich;

~ Albert H. and Thornton, Ray (eds.). Science.

18.

19.
20.

Kerwiﬁ Earkin:

Technology. and the Issues of the Eighties. Boulder;
CO. Westview Press, 1982, p. 139.
Organisation for Economic Co-Operation and
Development; Science and Techriology Policy for
the 1980s, op. cit., p. 19.

lbid.. p. 34._ -

di Castri, Francisco, Hadley, Maicolm; and
Damlamian; Jeanne: “The Ecology of an liiter-
national Scientific Project.” Impact of Science

on Society. vol. 30 no. 4 (1980): 247-260:

1 Organisation for Economic Co-Operation and

Development, Science and Technology Policy for
the 1980s, op. cit., pp. 153-156.

P bp 257-258, _
Intemational Science—An Over-

view." Science, vol. 213 (4 September 1981):

: l069 1072

24,

- 7,7J:igusg._1917_to_198ﬁ_saence vol. 211 (16

33.

Ouitlook: Probleis; Opporlunmes and Constmmts

in Science and Technology. Washington; DC:
U.S:_ Government Printing Office, 1980, pp.
292.293.

National Science Foaridation; S?:ence Polici:. USA/

USSR. Volume [: Science Policy in the United

States. Washington; DC: U:S; Governmierit Priri-
ing Office, 1980, pp. 2-4.

. Denver Research. Institute; Cernter for Public

Issiies. Report of the Workshop: New U.S. Initia-

tives in _interngtional Science and Technology.
Denver, CO: University of Denver, 1977, pp. 11-12.

. Granger. John V. Technology and Intemational

Relatrons San Francisco: W. H. Freeman, 1979,

37

temational Environmental and Scientific. Affairs.
“Funding of tiS; Goveriiierit Scierice Technology

Cooperation With Other Countries,” May 1931:
pp. 10-13 (mlmeographéd)

"United States Statement on Intemnational Coop-
eration by the Honorable Jamies L. Malstie, As-
sistarit Secretary of State {Designate) for Oceans
and_International Envirenmental and Sciernitific -
Affairs™ Meeting of the Committee for Scientific
and Technological. Policy at_Ministerial Level,
Organisation for Economic Co-Operation and

Development, Paris, March 19-20, 1981; p. 5

ERIC

Aruitoxt provided by Eic:

25,

26.
27.

January 1981 249256,

Holden; Constance. “Scierice Budget Copmg with
Austerity,” Science. vol. 215 {19 February 1982):
944.948.

Tisdell, op. cit., p. 203, o

Ibid., pp. 1.30; and Organisation far Economic
Co-Operationi and Development. Science and
Technology Policy for the 1980s; op. cit.; pp:
26:29. .

. Office of Science and Technology Policy in coop:

- eration with the National Seience Foundation, op.

31.
32:

cit, p. 138,

Tisdeil op. cit;; p. 192.

. US. House of Representatives, Committee on

Sciedce and Technolggy Survey of Science and

ington, DC: U.S. Govemmem Primmg Olhce
1981; . 11,
Skolnlkoll op cit., pp 139 140

lnstitutions for

International Cooperation.” In The Five-Year

40.
41:
q2.

43.

38.
39.

tmiméégraphed)

National Scien\.e Foundatlon “The lntemallonal
Context of U.S. Science and Technology.” In The
5-Year Qutlook on Srierice and Tec riology, 1981.
Washington, DC: U.S. Government Printing Office.

1982, pp. 18.25, .

“Staterment on Science in the lnkemaﬁonal Setting,”
Adopted by the National Science Board at its 238th
Meetirig on September 16:17. 1982, p 3
{mimeographed}. :

Ibid:; p: 4: o

Department of State, Bureau of Oceans and In-
ternational Environmenital and Scientific Affairs
op. cit. pp. 1-11.

“"Comments of the Gongressional Ra‘.earch Serynce
on the 1982 Title V Report on Sclence; Tech.
nology, and American Diplomacy." Ini Stierice,
Techniology, and American Diplomacy, 1982, op.

cit.. pp. 331.332 (see reference 6);




ds in Collective Industrial Researc

Q

ERIC

Aruitoxt provided by Eic:

Abstract

Collective actions among commiercial firms to promote scientific research are based on a

number of objectives and take a variety of forms. These forms include trade associations that

sponsor research to strengthen a particular industry, groups of firms that work together

within the structure of a Federal agency, and consortia involving several firms within a

particular industry and one or more universities. While older types of collective industrial

research were motivated almost exclusively by factors intemal to an inidustry, recent collective

actions have also been stimulated by concerns about intemational competitiveriess, productiity,

and the need for trained manpower. The structural and financial arrangements of the more

recently established research consortia also suggest that they are becoming an important

component of the national technical effort. Although their total expenditures are small

relative to total industrial R&D funding; a substantial portion is earmarked for basic re-

search in universities.

Several issues associated with collective industrial research are considered in this paper:

* Will such activity be a significant replacement for Federal R&D support?
* In addition to research, will these efforts address the projected shortage of technical
manpower trained to work in selected fields?

research, training, or equipmerit?

industry institutional ties?

trust regulations?
Introduction
The rapid growth of U.S. research and
developirierit sirice the 1940s has occurred
primiatily along two Separate, thouigh related,
streaims. Orie is that of federally supported
prograitis devoted to broad national objec-
tives, including support of the iinderlying
basic science and engineering striictiire. The
second consists of the sur of those research
and development activities condiicted by
individual corporations, constituting the

national industrial research effort. Thus, while

Government programs have reflected the
R&D needs of society as a whole;, almost all
of the industrial effort relates to the resources
and objectives of individual corporations.

. Almost all; but not entirely. In addition to

the individual efforts each corporation under-
takes to pursue specific interests and goals;
there are numerous examples where two or
more companies, usually in the same indus-
try, have established a working relationship

27

Will such activity set the direction for national R&D efforts in the fields affected?

What is the relationship of collective efforts to international competitiveness?
Can this activity provide a significant increase in university support with regard to .
* In cases where uriiversities are directly, involved, what are the implications for university/

* What are the main concetns related to patents, licensing, rovalty income, and anti- ..

in support of a technical activity without

any formal link fo subsequent commercial
exploitation: This type of collaboration

involving several companies which form an

association to engage in a technical research

or training effort is commonly referred to as
collective industrial research:

_ Collective actions are based on a number
of objectives and have taken a variety of
forms. The most obvious category of such a
relationship is the trade association, some
of which sponsor research in various insti-
tutions to strengthen a particular industry.
There are examples of groups of comparies
working together within the sanitizing struc-
ture of a Governiment agency. These include
Comimiittee on Aeronalitics, or NACA, the
predecessor of NASA, and induistry sponsor-
ship of visiting scientists at the National
Bureau of Standards. Another category of

cooperation is a mechanisi for interaction

between a group of companies in a particular
15



industry and one or more uriversities. The
recently established Semiconductor Research
Cooperative, a research_affiliate of the
Semicondiictor Industry Association. illus-
trates this type of cooperation. And there
are others.

What theni lS new? And what aspects of

collective industry research are of particular

interest and importance today" Conventional

wisdom suggests that the structural and

financial arrangements Qf these associations
may well imply that they are becoming an

lmporhnt componeint of our national tech-
nical network:

What appears to be happening. from a
s rvey of groups is that the focuse-! quality

of these programs, their operational charac-

teristics; and the amount of funding to

suppori such activities are. in fact, likely to
have a considerable impact on the country's
technical base. For example. in 1983, four
groups alone {Electric Power Research In-
stitute. Gas Research Institute, Council for
Chemical Research, and the Seiriicordiictor
Research Cb’o"p’é'rétivé) Will devote approxi

Although thls W|ll constntute only about 1
percent of all. mdustnal R&D fundmg,

substantial portion wnll be earmarked for basic

research and much will go to universities:

This reflects a cons:derable allocation of

industry funds to these areas and suggests

implications for new university/industry

institutional ties in research and training.

Other conslderatlons that have shmulated

recent efforts in collective action by industry

are concerns about international competi-

tiveness, productivity; and trained manpower.

‘The contribution of these cooperative pro-

grams to strengthening the base of a major
industry and. relatedly, the base of a technical

area or discipline is thus a factor to evaluate.
in brief: these activities may affect the direction
and: in part. the nature of technical activi-
ties conducted within industry and Within
the university.

leen the level and ]’Jur‘pOSeS ofcollectxve

issues for consnderatlon )
o Will such activity be a signiificant replace-

ment for Federal R&D support?
e In addition to research. will these efforts

address the projected shortage of
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technical manpower trained to work in
selected fields? :

e Will such activity set the direction for
national R&D efforts in the fields
affected? :

e What is the relatlonshlp of collectlve

efforts to international competitiveniess?

Can this activity provide a significarit

increase in university support with re-

gard to research, training, or equipment?

I cases where universities are directly

involved, what are the implications for

university/industry institutional ties?

s What are the miain concerns related to

patents, licerising. royalty income; and
antitrust regulations? ]
These i issiies are receiving increased atten-

non as aresuilt of broad national concem for

nurturing technical leadership and economic

vitality. The purpose of this paper is not to

offer a comprehensive treatment of the sub-

ject. Rather. it is intended to provide an

overview of the scope ¢ of activities and to indi-

cate areas requiring more detailed research.

Scope of Collective Industrial
Research
This section reviews the characteristics and
objectives of several types of collective
industry associations and their principal
activities. The overview of origins and goals
of each industry group reflects industry-
specific features such as the competitive
structure of the industry, degree of regulation;

capital requirements, manpower rieeds, and

relevant artitruist restrictiofis. Howgaver the
underlymg objective of all groups is to

accelerate the pace of technical change by

either conducting research in targeted areas

and/or increasing the number of trained
people required. Clearly, whether the em-

phasis rests pnmanly on research or train-

ing. there is a reinforcing effect of one on

- the other:

Within the past decade, and notlceably

W1thm the past few years; there have been

niew forms of collective industry R&D activities
established by industry sectors not previously
involved and; in some respects, for hew
objectives. One important characteristic of
these newer structures is the magnitude of
effort; far above the typical earlier develop:

28
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orgamzed actlvmes—the Electric Power
Research Inistitute, the Gas Research Instituite,
the Semiconductor Research Cooperative,
and the Couricil for Cherriical Research—uill
spend an aggregate total of over $4OO million
in 1983:

Thus, in our preliminary survey, we have

categorized the collective industry associations

within two groups: (a) recent developimierts—

organizations established within the last

decade and (b) older institutions—organiza-

tions established more than 25 years ago.

Recent Developments

Examples of recently established ¢ organiza-
tions are the Council for Chemical Research
(CCR), the Semiconductor Research Coop-
erative (SRC), the Electric Power Research
Institute (EPRI), and the Gas Research
Institute (GRI) (see Table 1).

Severa! characteristics of the Semicon:
ductor Research Cooperative and the
Council for Chemlcal Research are of par-
ticular interest:

(1) Both are very recerit developmients,
stimulated in large part by conicerns for inade-

quate basic research in each field and by a

concerted attempt among major companies

in each industry to respond effectively to

both near-term and projected pressures of

intemnational competition in high technology.

(2) Both have related goals addressing the

need for trained manpower in each fxeld

(3) Both represent industries which are

nonregulated and are highly competitive:

(4} The arrangements for collective action
with the focus on basic research and open
membership are designed to avoid compli-
cations with antitrust regulations.

{5) The amount of funding for each coop-
erative is significant. Actions of CCR may
result in a one-third increase in industrial
support for academic basic research in
chemistry and chemical engineering; and
SRC imay becorrie “the largest single conduit
for industrial support.of university research.”

- Collective actiori withini the energy in-
dustry reflects a different set of characteris-
tics, in large part influenced by the role of
energy in the economy, the adverse impacts
of OPEC, and the effects of cutbacks in

. .Federal funding.

29

The Elec’mc Power Research Institute and
the Gas Research Institute thus represent
several special features of the energy industry:

{1) The requirements for capital and tech-
nical resources for energy research; devel-
opment, and demonstration are enormous
and in many cases present éh 6Vé'riﬁhél'rﬁihg
cha,racte,nst,ncs, common to both the electnc
and gas industries, are reflected in the large
membership of electric and gas utilities in
these organizations to pool needed resources,
and in a substantxal level of R&D fundmg
and electncnty use through pubhc utxhty
commissions, the energy industry does niot
have the same competmve striictuire as stich
other industries as semlconductors or

chemicals. Activity can thus be focused on

the development end of the R&D spectrum

without extreme concern for infringements
of antitrust regulations: B

(3). The pressure to work in development
and demonstration is reinforced by two
factors: OPEC and Federal funding catbacks:
The pronounced emphasis of both GRI and
EPRI on energy generation and efficiency
is an apparent response to the decade-
long supply vulnerability and pricing policies
presented by OPEC. The effects of Federal
cutbacks are also evident in the program
structure of both organizations. EPRI has
increased its sup"p"o"rt f'o"r héé'rit'é'rrh 'd'é'v’él’
50 percent to 70 percent, GRlis r,evxsmg,u,trs,
research program to accommodate a 22
percent reduction in Federal funds for its
coordinated funding activity.

Older Institutions

Several older institutions and trade associa-

tions have also engaged in collective industrial

research. The magnitude of these efforts;

however, in terms of membership and

amount of funding are modest in comparisorn

to the newer organizations. They appear to
have addressed the specific needs of a
particular industry in a specialized area of
research and/or training; and the level of
éffdi't 6Vét tiiﬁé ié éﬁbéiéhtly still Séﬁszi&éfﬁ

vides an overview of two of these older

17
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 Tablet

Recently Established Organizations for the Conduct of

B eollectwe Industrial Research

INDUSTRY ASSOCIATION  COUNCIL FOR CHEMICAL RESEARCH (2 nanprofitorganizalion|

e S

GOAL To_0oost ndusirial Inencial support for basi tesearch, on ¢ampus in chagialry and
cherical enqineering, and to ensura high quality advanced educatlon in the ghemical
scignces and engingering. _

YEAR OF ESTABLISHMENT 1978, _

T T e et et A et S

MEMBERSHIP Over 120 unlversies and 35 companies representing the major chemical rid Pelro-
chemmalmdustnes|ﬂguresasot4 1821,

SOURCES QF FUNDING ~ Membership dues and voluntary participation in CCR's Chemical Science and Engi-
neering Fund [CSEF] designed to increase induslry's support of CCR's piversity
members, Based on a formula reflecting number of domestically empioye chemists
and chemical enginesrs at each company.

— T

LEVEL OF FUNDING Pledges of addilional support to universites as of April 1962 equele §3.6 million,

- [ ——_—— */--—‘

FUNCING MECHANISM  Companies partiipating in CSEF pledge their increase fo the CCR but actyallf dis-
tribute the funds directly o the universily of thelr choice, There s aiso a canral und
that receives monies from industry based on & 25 percenl commitment of tne CSEF
pledge. This Ceniral Fund is then distrlbuted to CCR university depariments based on

. 2]ormita refleciing Ph 0. siudenis graduated.
i

MODE OF QPERATING  CCR sries &5 & machanism.fo profole and faciliate one-to-one nieracion pelWeen
industry and universily members. There is no peer review, no proposal progess. and -
details of work are handled solgly by partners, '

RESEARCH EMPHASIS Basic research in chemistry and chamical enginggring.

TRAINING ASPECTS Interaclions to ingrease research aré designed 1o &rianca training. COR pgintains
current demand and supply data on chemists and ahemical sgiiears. oo

ey —— e i

EQUIPMENT Determined by individual partner relationships.

[NVQL_VEMENT OF A No.

FEDEHAL AGENCY _

OTHER ACTIVITIES Improved communication inks for both information and exchange o smenuﬂc Per-
sonnel between industrial and university laborataries. B

COMMENTS CCR has potential of increasing the percentage of industry support for upiversity

research from 7 percent to 10 percent,

————

SEMICONDUCTOH RESEAHCH COOPERATIVE (a nonproff rasearch allliata of the
Semicgnductor Industry Assoclation)

“To.maintaln U;S._i_eadazsnlp In Sefigriductars and computars thrugh 525-50_.pé'r-_
tan! jigraase in.pure research arid 1o &gd significantly 1 thg Supply and quality of
degread professionals.™ . B

1991 . L

amhateoftheSemmonductorIndustry Assoglation (30 companies;.
Memberst dues and unds conlrbuted by members Ivough a formul.based on
total Semiconduclor Sales or value of semiconductors ingorporated in products,

Progfams 10 begi n 1982, Fundng for 1962-1963 estmatd at $10 milo and lor
1983-1984 at §15 milion. Could reach §40-50 millon per year by 1986,

Fots gttty SKC.To e coetl e e s anrtton
rather than Spread out over heterogeneous Subjects and universities.

Members of SRG will ouline program areas and solcl universitesfor competence i
cach area. Universites will submit propasals 10 be reviewed by a technology staf
responsile for technical trategy and planning, ntiaton of contracts, and evaluation
-of ioject resits. Work il iis b performed b inivrsiles.

Aréas too basic O {00 long-term for individual industry RED pragrams. Possible
specilc areas; new techniques for imprining Circuls on Sicon wafers. allernative
Semiconguclor materials.and compuler-aided Circul design

Qvarall explicit godl to inérease quahty and suppiy of protessional personnel,

Desighed {0 upgrade necessary equipment and t6 share skills of personnel frained o
operale equipment. The.extent of this commitment is rellected in (he proposal for
Squipignt (G rateive twice 3§ MUCH rds &S research. Tha Cast of equiprent if-
€124865 &1 &1 exponentlal rale witk 3 3-yaar e cyele; WHiZh thraaens the abiliy of

aJvaezsumemam at the frontier of & field for an extended period of fime.
No.

————

p—,

firms would be eligibe 10 join. Hepresentmwes Q!_tbe__SB_C howeser, have ndicated
that the SRC may establish a policy for such forelgn-owned subsidiaries of requiring
Teciprocal membership in counterpart organizations in otber couniries, This could
apply lo presert members of the SAC such a5 Fairchild Camera and Insirument owned
by Schiumberger, and Signetics owned by N.V. Philips ol the Netherlsnds as welras
Dotential members representing Japanese Jvined compames ,

Botlfm 1. Dianceses, andSlata Hay Bl Sakes: The F|"rn of High Tech
fology in Americe. Cambridge: Balinger Publishing Company, 1962, p. 84, \
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INDUSTRY ASSOCIATION

E[ECTRIC POWER RESEARCH INSTITUTE {a nonprolit national research and devel-
opmentprogea

Tu advance capabilities in eléctric.power gener'mun delivery. and use, wnh special
tegard tar éﬁlely,elhclency. reliability, economy, and environmental considerations.”
|Annial Asport 1981,

GAS RESEARCH INSTITUTE {a nonprofit nalional research program for natural gas
suppl! i
Toi increase supply options for natuyal gas Impruve efficiency for utilization, enhance

service, and continue fundamental research.

YEAR OF ESTABLISHMENT

1972, — —

1976.

MEMBERSHIP

ygLunlary membership_consists of over 600.investor-owried; municipal, cooperalive,
and Federal utllities. Membership reprasents 70 percent of the electiicity supplied
by U.S. utilities. oL -

.

200 companies including interstate plpelmes. distribution companies. and pubhcly
owned municipal utilities.

SOURCES OF FUNDING

Membershlp dues hased oo each member's. annual sale of electricily. Aggregale pay-
ments to EPRI in 1981 were just below $260 million. . _ R

Gas raie-payer Support is calculated on gas volumes sold by interstate pipeline
ers and on interstate salés ol member companies.

LEVEL OF FUNDING

5215 mllllun !ur contracl research in 1981; $40 million for in-house work and pro-
gram management,

$68.5 miillion devoled to RED.

FUNDING MECHANISM

EPAI's Research Advisory Commitee of utility executives and technical stalf guides the

program priorities and funding allocations.

and then cantracts wurk lo unlve
and a variety o

MODE OF OPERATING

universities.

GR! is regulated by the Federal Engrgy_Ragulatory Cominiission [FERC]
lormal application proceeding whereby GRI submiits_a S-year plai of nd
proposed rate surchages. each. year for. approval. FERC this autho both rales
and program plans; alter this process. State public Ullllly commissions also authorize
lhe rates. -

RESEARCH EMPHASIS

Nearly 70 percent of EPRI's funding is devoted to these rogri
[initial payofi is anticipated within 10 years|, with the balance allocated between mid-
term [10-25 years: 27 percent) and long-term projecis {over 25 years: 3 percent|.

rcem of 1981 R&D budgel al fundamental research; 5.6 percent; b) an-
vice, 8.6 percent: c| efficient utilization. 39.6 percent; d) supply options;
462 percenl [

TRAINING ASPECTS

Not an explicit goal of EPRI.

g funds to universities allow graduaxe;}udenlilopurﬁue
advanced degrees while performmg gas-related research. 1980: 9 advanced degrees.

EQUIBMENT  F0nds specialized equipment needed to perform work. Funded as needed in contract research.

INVOLVEMENT. OF A Congressional stimulation to establish EPRI in 1972. EPFI receives Departmeni of  Federal Energy Reguialory Commission grants approval for rates and program plans.
FEDERAL AGENCY____ Engrgy RED.1i .-

OTHER ACTIVITIES _ __  Inlosmalion GiSseminalion, worshops, Seminars. information dissemination, seminars, workshops.

COMMENTS Federal cutbacks have resiilted in shift in EPRI's program siriictre fo reflect greater  Primary emphasis on efficient uiilization and supply options; least emphasis is on

61|
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emphasis on near commaercial scale demonsiration projects.

basic resea h-, of totaj F{&D budget. approximately $2 miilion went to universities
with $3.2 million earmarked for 1982

million in 1982 from $96 million in 1981 as a result of cutbacks.
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INDUSTRY ASSOCIATION

GOAL

vEAR OF | ESTABLISHMENT

MEMBERSHIP

3 TabIe2 B
Older Institutions for the Conduct of Collect

weilfngqunfarljesearch

JJ;T ITUJ’E OF PAPER CHEMISTRY |indeperderil. privately Supporied educational
andresearchlnsmunonl

TEXTILE RESEARCH NSTITUTE (independent, édﬂéétién’éi and research ﬁigéﬁiiﬁiigrﬁ

To ddress specnallzed needs of the paper industry for professional talent lramed in

the field of paper chemistry.

Té brﬁédé'n lhé lééhﬁﬁlﬁgy béEé of lhé léXﬂ!é iﬁﬂﬁEliy with an éiﬁﬁﬁa’éi's' éh ﬁilﬁélbléé.

processes. _ -~

1929,

1930.

Ma)omy of US. producers of pulp, paper, and paperboard.

60 corporate panlcnpams in the textile_and related industries;

SOURCES OF FUNDING

ract research peﬂormed by lhc :taff

1] annual fees from member companies: 2],
onanonprofit basis; 3] scholarship and tellowship gifts; and 4| miscellaneous sources.

Participant fees, general unrestricted support and grants; mduslry-supported research,
Government-supported research: and publications, B

LEVEL OF FUNDING

Annual budget: approximately $7 million per year.

Eludget for 1981: $1:3 million.

FUNDING MECHANISM

Oifers fellowshlps in scientific and technical areas related to paper processmg and
production.

Allocates funds internally for differenlt program areas.

MODE OF OPERATING

The IPC is affiliated with Lawrence College in Wisconsin, and the institute is chartered
as agraduate schoof although Lawrence College grants either an M.S. or Ph.D. degree.

Most work conducted in-house with training. conductedin Ealiéﬁaaiia;\ with Princeton
University. Has 5 areas of activ search, education. services for corporate mem-
bers, a momhly jounal—The Textile Rasearch Journal, and a technical information
center.

RESEARCH EMPHASIS

Research is under way in both fundamental and applied areas of interest to the paper
indusiry, ranging in subjecis from forestry to waste treatment.

Basic research of industrial relevarice in the physical and engineering sciences of
poiymer, fiber, and textile systems. There are five principal areas of current research;
fiber structure, physical properties of fibers, dyeing and finishing, fiber assembly
behavior, and lextiles in polluuon control.

TRAINING ASPECTS

Major emphasis of IPC. About 80 percent oupc s graduates are employed in the paper
ingustry with the highest cancentration in RED areds.

TRI has a lor i
to orient scientists and englneers lo fiber
program invoives both students and fact Rl fel
awarded for thesis research on tex s. In 1981. there were 5 Prince-
ton TRI Research Fellows and 2 undergraduale students. Fellowships accounted for
about $90,000 ol the $1.3 million budget of operating expenses for TRI.

at Princeton, and TR felrlowshlps are

EQUIPMENT

Funds equipment as needed. __

As needed.

INVOLVEMENT OF A
FEDERAL AGENCY

No.

TRL has recewed research grants from the Enwronmemal Protecnon Agency and the
oundation. - - -

OTHER ACTIVITIES

vid n,lnformajlqn Service, Its library is_tegarded as the world's largest
collectron of scnenuhc and technical literature refated to the pulp and paper industry.

COMMENTS

RIC
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! reflects Jack of concentration in university_ curricula on
y.,Curremly, approximately 25 students complete the Master's program
and 10 to 12 pursue studies toward the Ph.D.

Al lechmcal mformatmn center research servic.es for members, and a monthly journal—

AL o
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institutions—thie Institute of Paper Chermistry
(IPC), whose main focus is on education,

and the Textlle Research Institute (TRI)

whose main focus is on research.

Trade assocnatlons have also been active

to varying degrees in research: As defined

by the American Society of Assoclatxon

Executives; a trade association is a “non-

profit organization of business competitors
in a single industry; formed to render a
number of mutual aid services in expand-
ing that indu'stty"s production; sales; and
employment.”

Trade associations have primarily pursued
a span of activities including dissemination
of information to members on such issues
as Governitient policies and industrywide
position staterents, sponsorship of con-
ventions and courses, and lobbying of mern-
bers of Congress on issues of particular
interest to the industy. However, the technical
anit of a trade association often compiles
and distributes statistical data of interest to

the industry and may conduct or sporsor

research: Most often the research of a trade

association relates to testing and standardi-

zation of products and processes. Testing

facilities can be shared and some are located
on university campuses:

Concentrated technical research; as distinct
from activities related to testing and stand-
ardization, has not been pursued extensively
by trade organizations. The Motor Vehicle
Manufacturers Association; the American
Petroleum Institute; and the American Gas
Association are exceptions. There are several
other examples of solid research sponsorship
by trade associations, but not of the mag-
nitude evidenced by EPRI or even SRC.
This, the metals industry supports research
through INCRA (Iriternational Copper Re-
search Association) and ILZRO (Intemational
Lead and Zinc Research Organization). Other
|ndustnes use collecttve contnbuhons stmllarly.
mdlmdual unlverSnty researchers. There are
a very few instarices where the mdustr9

conducts collective research in its own

facilities: These include the Portland Cement

Association and the Textile Research Institute:

Such efforts appear to be far more extensive

in Europe:

36

Alternate Foris of Cooperative
Research

Research Associates Industnes conduct
research through several other cooperative
mechanisms One is the Industnal Research

which scientists and engineers from induistry

can come to NBS to work with NBS staff.

The Bureau does not develop prograrmis or

purste areas specifically to meet the needs

of industry. However, there are often pro-

grams ongoing at NBS that relate dlrectlg

to the 1nterests of industry and thos are of

Each year api:iréiiirﬁately 100 research

associates from industry participate in the .

program for an average stay of 1 to 2 years:
They are selected by the organizations with
which they are affiliated and the selections
are reviewed by NBS. The two basic condi-
tions of the program are that industry pays
all salary, travel, and related expenses of an
associate and that all work dorie at NBS is
in the public domain.

Research associates at the Bureau come
from both private industrial firms (e.g., Bell
Labs, Control Data, Exxon Research and
Englneenng, Lockheed) and trade associ-

at',‘?f‘,s,(,‘ig The Aluminum ASSOClathl"

American Dental Association, Society for
the Plastics Industry). The overall research

focus of the Bureau is to generate measure-

ment techniques, calibrations: and statistical
data and to conduct testing:
Currently; there is an effort to double the

size of the programs over the next 5 years,
particularly in (he areas of materials proc-
essing. automation; electronics; and chemical
engineering. This can be significant because;
as a result of reduced Federal support for
NBS, such an expansion will optimize the
ise of the research facilities and augment
NBS staff resources in several key areas.

Mission-Oriented Institutes. As another
form of cooperative research, several mission-
oriented institiites have been established to
pursue somme area of key research to a
partlcular lnduStry The Massachusetts In-
stitute of Technology (MIT)- Industry

21



In contrast to the basic polymer mdustry

which is research intensive; the polymi:r

processing indastry has not engaged in

extensive research: This area has alsc not

received research concentration at univer-

Polymer Processing Program is an example:

sities: Thus, the establishment of this program
was stimulated by the need to increase
research commitments in polymer processing,
particularly those areas related to the man-
ufacture of plastic and rubber products.

Thé tjiégfafh began operation in 1973
Natlonal bc:ence Foundatxon expenmental
research and development incentives pro:
gram. Three member cormpanies joined that
year. The program now includes 10 mem-
bers* and is entirely industry sponsored by
membershlp fees based on a formula of
each firm's plastics output.

The level of effort consists of about 25
projects directed by six members of the MIT

engineering faculty, operating with an annual

budget of approximately $500.000. Six

patents have been issued to date as a result

of the program:. with 12 applications pending.

Corporate sponsors participate in the pro-
gram by guxdmg research directions and

gaining first access to research results. All

sponsors have royalty-free; irrevocable. non-
exclusive license to use any technology
developed under their sponsorship.

Policy Issues
The preceding material serves as an over-
iiiéi.ii fd idéhﬁfg éh étfiiiity thét is ihtiéééihg
for mﬂuencmg the rate of technical change
in the United States. Within this context,
the issues presented in the first Section of
this paper are examined more closely and
some of the related impacts aie discussed.

Will such actnnty be a

significant l:@plgcement

for Federal R&D support?

There are several instances where collective

industry groups can play a significant rcle -

as the pattern of R&D support changes, but

EE|§ role is not hkely to replace that of Fed-

“For example. G . Xerox, IT]
l:ahoratory and Rogc,rs Corporation

[Kc

wll Toxt Provided by ERIC

eral funding. In 1981, for example. the
Federal Government's share of total uni-
versity R&D funding was 65 percent, while
industry in all types of support provided
38 percent2 Additionally, the fundamental

sector support in s,everal,,Rey areas is likely—____— - - -

to involve a period of adjustment in which
the impacts on R&D and on the pace of tech-
nical change remain unclear.

For example. EPRI has revised the strtic-
tuire of its research program to accommodate
reductions in Federal energy support for
development- and demonstratio
projects. Whereas in the past few pears rgear-
term programs have accounted for 50 per-
cent of total expendltures EPRf is now

allocating 70 percent for near-commercial-

scale projects: To accommodate this shift;

however. many programs are being elim-

inated (for example. support for all work on

electrical systems and energy storage tech-
nology R&D) or reduced {for example; fossil
energy development, development of solar
and wind energy. and research on health
and environmental effects). In addition, this
comes at a time when electric utilities are
facing severe financial constraints. This has
resulted in an overall reduction in the scope
of EPRI's projects over the next 5 years:
accounting for inflation. the R&D program
will continue at about the 1980 level of

real expenditure.

~ In contrast, the actxons of the Council
for Chernical Research seem likely to increase
the percerit of mdustry supporit for research
in university chemistry departments from 7

percerit to 10 percent: *Whllé this répresents

a one-third increase in the carrent level of

industry support, it will not compensate

directly for possible reductions in Federal

suppott. However, what may be particularly

important here is the improved relationship

between umversmes and 1ndustry. based on

one-to-one interaction, which may result in
a more productive use of technical resources
between the two partners.

Will these efforts address the _
projected shortage of technical
manpower trained to work in
selected fields?

It seems apparént that the niversity/industy
relationships of collective industry associa-
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tions can serve to increase the quality and
stipply of trained manpower. The Institute
of Paper Chemiistry is a prime example of
a collective effort to meet the needs of a
particular industry. The newly formed Counil
for Chemical Research has, as an explicit

goal, an intention and funding mechanism

the strictlyj finaricial in at least two important
ways: (a) greater concentration of technical
resolirces on those points of the R&D spec-
trum deemed critical by each industry group,
and (b) new institutional relationships,
particularly between university and industry
partners.

topromote-advanced—education in the

chemical sciences and engineering: The

funding of research at universities by the

Semiconductor Research Cooperative and
particularly the focus on the upgrading of
expensive; sophlstlcated equnpment sug-
gests a positive impact on the.training of
individuals in engineering and computer
science. Less pronounced, but still a positive
contribution to advanced education; is the
Gas Research Institute’s funding to univer-
sities, which allows students to pursue a

graduate degree while performing gas-

related research.

~ These trends, nevertheless, were riot in-
tended to represent the major solutron to
the nieed for trained manpower in different
fields. However, they may well provide an
1mportant component to the solution, in
combination with such other activitles as
industry-directed professional technical

education and training provided by pro-

fessional societies:

Will siich activity set the
direction for national R&D efforts
in the fields affected?
Rather than setting the direction for national
R&D efforts; the collective actions of industry
groups are more likely to support or com-
plement R&D directions estzblished by
separate industry sectors and the Federal
Government, which, comtined, constitute
the national effort. A consicleration of these
activities thus rests in a context of how re-
sources are utilized for the Nation's tech-

nical competence and whether or not pol-
|c1es are rieeded in either the public and/or
the private sectors to modify this allocation
relative to necessary technical requirements
and the overall supply of resources.

The total funding of collective industry

groups for dlfferent research programs is
only about 1 percent of all industry funding

for R&D: However, the allocation of the

collective funding has significance beyond

N

3s

The Eoancil tor Chermnical Research and

the Semiconductor Research Cooperative

illustrate both points: The chemical and

semiconductor mdnstry groups are par-

ticularly concerned with ensuring a strong
foundation of basic research as an essential
ingredient to keep pace with rapid tech-
nological change and the intense pressure
of international competition.. The focus of
these groups_has; therefore; been on basic
research, and the mechanisms chosen have
been new and/or strengthened university/
industry interactions.

With the SRC, for example, substantial
amounts of money will be selectively chan-
rieled to universities to upgrade equipment
and to conduct basic research. These two
efforts clearly imply a major beneficial
impact on the training of new professionals
in the field of microelectronics. The projected
spending of the SRC thus represents a major

attempt to strengthen the industry base.

Moreover by funding universities in targeted

areas; research strengths and directions at

academic institutions will also be affected;

and those effects will require evaluation:

What is the relationship
of collective efforts to
international competitiveness?

In brief. collective industry aclions permit a
focusing of financial and technical resources
in several areas deemed key by consensus
of a particular industry group in the hope of
contributing to the innovation rate and pro-
ductivity of the industry, and hence its com-
i:iétitii)é i:ibétijt‘é li‘i §é0ét‘él ihdijéfﬁéé thé
threatennng the posmon of U S. firrmis i in world
markets; thus the capacity to respond to this
challerige depends upon the best utilization
of all resources. Microelectronics is an
obvious example

The record of growth in this industry has
been notably high. Over the last sever-l years,
the annual compound growth rate of U.S.
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industry revenues has been 25 percent.
Moreover, this rate is likély to, remain h’i'gh’
revenues projected to reach $75 billion by
1990. The undiminished prospects of such
grth are a keen attraction for intemational
competition, which in turn has placed in-
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Can this activity provide a signiﬁcant
increase in support for research,
training, or equipment?

Collective industry programs can indeed
provide a significant increase in university
support. The MIT-Industry Polymer Proc-
essing Program represents the establishment

capital expendntures and R&D to remain

competitive. As an example; capital expendi-

tures by the U.S: semiconductor industry are

currently abont 16 percent of revenue: On

the other hand; capital expenditures by the

Japanese semiconductor industry consume

about 18 percent of revenue; with R&D ex-
penditures at 13.2 percent of revenue.*.
Other indicators of Cérﬁﬁefitibi‘i éré élsti

decline in the number,,of U.Sl semlconductor
patents issued annually to U.S. companies.
During the same period, such patents issued
to Japanese_companies doubled. Also in
the early 1970z, 78 pércent of the papers
in the prestigious International Solid State
Circuits Conference were by U.S. authors,
with 5 percent by Japanese authors. By
1980, the percent of U.S. authors had
dropped to 60 percent while that of the
Japanese had riseri to 30 percent. In addi-
tion, the output of electrical and electronic
enginieering graduates is also slgmflcant

Japan is currently graduatmg about twice

as many engineers as the United States, and

the U:S:SRR: is graduating about three times

as many as the United States. Moreover,

trends in both Japan and the U.S.S.R. indi-

cate that the numbers of these graduates

are Jg§5é5§tﬁg while in the Jnited States the
numbers appear constant:
All of these indicators of mternatlonal

competition underscore the role of coor-
dinated activities to leverage technical and
financial resources. The results of the re-
search and training activities of the SRC
obviously remain unt.sted owing to its new-
ness; and thus the actual impact on com-
petitiveness is unclear. Nevertheless, it
seems apparent that there is a need for
pooling selected resources to address broad
common problems; this may free other
company resouirces for improving produict
lines and pursuing other interests.
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devoted to equnpment and research on
processing and manufacturmg of plastlc
and rubber prodiicts. The program involves
abotit 25 projects, and 18 patent apphca-
tions have been developed sirice the program

was established in 1973 Whlle training is

not an exphmt goal of the program; the

research projects offer an opportumty for

undergraduates and graduates interested

in this field to pursue intensive work in

polymer processing:
The €CR and the SRC activities also reflect

increased support for universities in re-

search; training; and equipment. Owing to
the operational characteristics and funding
levels of the SRC, it is possible that univer-
sities receiving SRC funding may become
centers of excellence in the areas of their
special expertise. In such a case, one impact
of industry support may be the setting of

quiring anﬁexammat_rlon at a unlversrty of
appropriability and desirability.

What are the considerations for

universities and industries for

establishing and/or continuing

institutional ties?

Industiy Considerations. The specific
nature of factors influencing technical change
in each  given mdustry wﬂl vary from one to

set of act|v1t1es that may be appropnate for
collective actions. Addltlonally, economic
pressures, Goverriment interactions, and
international conditions play a role: As a

result, soime of the factors that need to be

evaluated to assess both the desirability for,

and the detailed mode of; collective action
mclude

* Type of common research that is

needed and appropriate;
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Tnme and cost of program;
Comirion concems of health, safety, and
environment;

Need for standardrzatlon

Extent of Govemiment programs in re-
 lated fields; and

* Capatity of companies to pursue work

el — mdpnpn-lpntlu

and GRI interests, or (b) depending on the
requirernents of different industries, programs
focused on basic research such as the CCR
and SRC: The impact on each industry

sector, as discussed earher can be sngnnﬁcant

A second pressure for collective activities

lS an lncreasmg concem with the technical

“environment” within which a particular

Q
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These factors glve rise to questnons of

optimum research management of finite

resources, and of strategic business plan-

ning with regard to the areas of opportonity

for industrial growth and leadership: €ol-

lective action can prowde a broader technical
company: By contrast; individual action can
be more flexible and thus encourage multiple
approaches; more effective integration with
other corporate resources, and competitive
advantage_for the company supporting its
internal R&D program.
These factors can also be used to délineate
a set of critenia so that an industry, as well
as a particular firm within an industry, can
determine:
. Whetherthe lndustry should mmate or
~ expand collective research activities;
* What relative priorities and emphases
should be given to the possible pro-
grarms to be undertaken,

. ® Whether a partncular company should

join in collective research activities;

. What benefuts will accrue to a member

company;

s What constraints may exist for a mem-

ber company; and

e What research mechanisms and which
university partners—if any—should be
sought.

One lmportant pressure for expanded
collective R&D is the combination of the
broadening technical base required for ad-
vances in an industry and the finite resources
of money and people available to individual
firms within that industry. One way to express
this combination is the increased sensitivity
to improving R&D productivity. The need
for progress and cost-effectiveness may thus
result in assigning to collective efforts
(a) programs concerned with Cbétly or
b’r’oadly’ béééd programs of téthhblégy dé-
velopiment, as evident in some areas of EPRI
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industry must operate: Specifically, there is
a growing uneasiness throughout the in-
dustrial research community; of varying
intensity depending on the industry; about
the production of adequate numbers of well-
trained graduates, about the research facil-
ities of universities, and about the ability
of some industries to maintain their inter-
national competitiveness. To the extent that
these “environmental” factors can be im-
proved, the technical base,,Qf, an industry
sector can be strengthened. This motivation
was strongly evident in the initiation of the
Council for Chemical Research, and it under-
lies the plans of the Sertiiconductor Research
Cooperative.

The extent to which similar collective
actions can be pursued by other industries
is not clear. Nevertheless, the elements

present in the ones discussed seem valid

for (a) industries that face constraints on

their pursuit of technical improvement, such

as energy, metals, and mining; and (b) other

industries immersed- in" rapid - technical
change; such as electronics and chemicals:
The. actions to _date may serve as useful
models for the future.

University Considerations. Universities
are a major participant with industry in the
implementation of several collective industry
research programs. Since universities are;
in a sense, a principal instrument of society
for providing 2 common reservoir of science
and technology, and since they function
within a special context of goals; motivations,
and constraints, their participation in collec-
tive industry reseatch efforts irvolves a dif-
ferent set of considerations and impacts.

~ The principal concerns of each university
in this regard are whether and how to en-
courage collective industry actions. In the
case of the Courncil for Chemiical Research,
liniversity persorinel, as active meitibers of
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the Council, are involved directly in plan-
ning and implementing the programs.

The continuing attention of universities
to the establishment of mission-oriented

research centers may be stlmulated by the -

growth of collective industrial research: There

would appear to be some attraction in having

a university research facility structured to

consider the same basic science and engi-
neering problems related to an industry or
a mission that are smultaneously the objec-
tives of a collective industry group. In point
of fact, without any formal industry action,
each mission-onented research center at a
university that sets up close linkages with
industry represents a form of collective
industry action.

Similarly, this enlarged mdustnal activity
may offer the option for universities o ex-
amine and possibly to modify the cuimicllum
and degree offerings to match the changing

_technical base of particiilar i mdustnes If this

Were pursued cooperatively With a repre-
sentative of an industry association in a giver
field, then constructive approaches could
be consxdered more easily than would be
the case for a umversntyrwnrkmg alone or

with the advice of a single company.

fj'ljndmg from collective industry groups

may serve to stimulate increased support

for basic research, for training; and possibly

for instrumentation: Not only are increased
funds likely to be available; but the collective
associations may provide a sound base for
longer term planning and for broader inter-
actions with those industnes.
However, there is clearly a ;hallehge to
universities in this expansion. When larger
amounts of fiunds flow throiugh new or
modified channels, there can easily emerge
strong biases in research within particilar

fields. This was precisely the situation re-

sultmg from the major growth of Federal

1950s and 1960s. For example dunngthat
period the fields of metallirgy and mate-
rials tilted heav1ly toward matenals science,
with relatively less attention to those areas
of process metallurgy that appear to be
needed for productivity improvernents today

Despite these mﬂuences the university

system tends in general to te reasonably

. balanced in research: The newer industrial

actions should not have the potential unbal-

ancing impact of earlier Government pro-
grams for several reasons:

First; industry support of university research
is_ simply too small; on the order of 4 percent
of all university R&D. If collective funding
programs could double this, it would still
not be the dominant factor (See Table 3).
And, collective industry funding leaves intact
an important characteristic of the university:
consideration of R&D as an end in itself;
whether in the conduct of basic science or
in the soluition of particular problems. Thus,
there seeitis to be no basis for concem as to
objectivity or undue inflience from indus-
trial funding that is still only on the order of
4 percent. A university systern hardy enough
to absorb and grow with Federal sponsorship,
largely from mission agericies, that reached
70 percent is surely able to remain equally

independent with industry support that is

only a small fraction of the total:

Second; and more importantly, the strong

objective of individual companies to develop
direct ties with universities will not be sub-
merged within the collective associations:
The structure of the Council for Chemical
Research specifically provides for a one-to-
one relationship between a company and a
university. The collective actions in semi-
condiictors and eneray are only modest

Table 3

University R&D Fiiiiding (iii millions of dollars)
1953 1970 1979 1981 (est.)
TotalUniversityR&D .. ................. $255 $2,335 $5,183 $6,300
Funded by Federal Government .......... $138 $1,647 $3,432 $4,100
Fundedbyindustry .................... $ 19 $ 61 $ 194 $ 240
Percentage Federal Governiient . ........ 54‘13 71% 66% 65%
PercentageIndustry . ................... 7.5% 2.6% _37% _ _38%

Source: National Science Foundation. Natlonal Patterns of Science and Technology Resources, 1981, NSF-81..

311 Washington, DC: U.S. Government Printing Office, 1981.
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additions to the separate industry-university
relations of IBM; General Electric, and Exxon.
Thus, the pluralism of research interests will
continue..

Unlversﬂy ,research by, ,the,snmple leverage
that well-focused collective actions can
produce For exa'rﬁple sup’p”o'rt of p’a'rti'cular

centers to the forefront of their special areas

of excellence, serving to attract Goverimerit

funds and other private suipport iriore easily.
Thus, a major impact may be the setting of a
directnon of university research

This i imposes a contrnunng obhgatlon on

the university to maintain its own lnde-

pendence of research choices; bmldlng upon

the support available from industry as well

as Government sources: The mechanisms

in place for the collective industry groups
surveyed suggest that universities are in fact
carefully screening projects to ensure their
appropriateness for academic goals and
purposes, and discussing these issues with
their industry colleagues.

What are the main concems related

t6 ﬁétéi‘iti lii:éii§iii§, iﬁviiltv income,
The issues of patents; hcensmg. royalty
income; and antitrust regulations are com-
mon to all collective research arrangements
and are reflected in the operational charac-
teristics and objectives of each organization.
When examining these issues, it is useful to
keep in mind that there are two distinct
categonias of collective arrangements: groups
siich as EPRI that condiict most research
at private facilities, and groups iiiat conduict
research in collaboration with universities. The
followmg is a general discuission of some of
the major points in each regulatory issue.
The specific impacts of these issues on each
group and, in pamcular the effects of the
1980 Department of Justice Guidelines are

not discussed here:

Patents. Patent rights are often a major
issue relatéd to the Condijt:t of réséérch Thé
and the nghts of the host mstltunon,—,-usually
an employee/employer relationship. The
assigniment of patent rights for inventions,
Innovations, discoveries, and improvements
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can vary with the circumstances: Within a
university context; for example; a researcher
who performs patentable work with the use
of university fatiliﬁes or services lri the course
nghts to the university. A notable exception
is the policy of the University of Wisconsin,
which states that the university “does not
claim any interest in employee inventions.”

Other arrangements for the assignment of
patent rights are involved in cases where
research is sponsored by a third party. For
example, as a result of the Uniform Patent

" Act, a university or simall business can retain

patent rights to inventions made in the coluirse
of research uinder Govemitrient sponsorship,
Wlth three exceptions:
L Operatlon of a Government-owned re-
search or productlon facnhty

¢ Exceptional circumstances determinéd

by the Government ‘agency (stnngent

documentation is required from the

agency and is submitted to the Comp-

troller General to curb abuse by the

agency); o
e Whenr necessary to protect the secunty

of Government intelligence or counter-

intelligence activities.

In cases where industry is the third- -party
sponsor, and particularly where a collective
group is the sponsor; arrangements for the
title to inveniions can vary on a case-by-case
basis to accommodate the patent policy of
an industry grouip and the patént policy of
a university. In the Council for Chemical
Research, for instance, all arrangeimenits are
made between individual university/industry
partners, rather than by the group as a whole,
owing to the Council’'s “one-to- -onie inter-

action” modus operandi. For other collective

associations, general policies can be made

for the entire group of corporate sponsors:

these pohcnes are then negotiated with a
university:

Licensing. One particular point to con-
sider is the arrangement for licensing when
a university refains patent rights under an
agreement with a collective group. Here; an
exclusive or nonexclusive license may be
negotiated. For example, the industry
sponsors of the MIT-Industry Polymer Proc-
essing Program have rovalty-free, irrevocable,
nonexcliisive license to use any technology
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developed under their sponsorship. A
recently completed study by the New York

University Center for Sclence and Technol-

ogy Policy indicates that many industry

Sponsors parhcrpahng in cooperative research

centers do not requnre exclusive licenses:

Excluslve licenses may be more important

“in areas of research where the outcome

. may be a new drug or agrizultural product.”®

Royalty Income. The division of royalty
incomie is also a consideration related to
patents and licensing. Again, arrangements
vary rmth individual circumstanices. In cases
where a third party is involved, such as in

research sponsored by collective industry

groups at a university, royalty income divi-

sions are negotiated as part of an overall

agreement. These divisions can include a
share for the university and the sponsoring
group;.and they may or may not include a
share for the inventor.

Antitrust Regulations. Considerations

related to posslble conflict with antitrust laws

are also present in the research carried out

by collective mdustry groubs “Because joint

research may involve or create market dom-

inating technology, may be conducted by

competitors or potential competitors, or
may involve restrictive agreements concem-
lng the 1 use of the results of the research,

collectlve groups.

The major points ol reference when re-
viewing the legality of joint research ventures
are the nature of the proposed research,
the joint venturers, the industry, and the
restrairits on the conduct of research imposed
during the project. Wltl"l these four points
in mnnd the general case for not offendnng
antitrust laws involves: (a) research concen-
trated at the frontier or basic end of the
research spectrum, rather than where it may
have substantial market effects; (b) a larger

rather than smaller number of actual or

potential competitors; (c) a narrow field of

joint activity; and {d) limited restraints:
The assessment of legality rests in examin-
ing the effect on the competitive relationship
of individual firms in the collective group. In
this regard, there are three major effects of
joint research agreements to consider:
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* Reduced existing or reduced potential
comipetition between firms;

* Agreement restrictions that restrain
competition; and

® Limitations on pamclpatnon that may

give members of the group unfair ad-

vantage in the marketplace:

Evaluation of the effects on competition

generally involves application of Section 1
of the Sherman Act and Section 7 of the
Clayton Act.

Given these considerations; research
competition is a ke!’ issue. If the research
conducted by a collective group serves to
decrease competition; then the innovative
edge and productivity gains spurred by
competitive advantages may decrease, with
adverse effects to the marketplace. On the
other hand, if joint efforts makée possible
research that firms could not conduct indi-
vidually, then the technical base of the in-
dustty can be strengthened and this provide
new competitive opportunities derived from
the technical advances. Therefore, main-
taining or strengthening competition is a
partlcularly important consideration.

The specific arrangements of each col-

lective group are obviously critical and merit

detailed ex~mination: An additional pcnnt

to consider is the role of a “neutral” party;

such as a university; in conductlng the re-
search. The participation of a university can
serve to reduce the anticompetitive potential
of research projects conducted by an industry
group; particularly in cases where members
of the group belong to the same industry and,
as individual firms; are highly competitive.
The SRC is an example. Moreover, the tra-
ditional interest of the university in dissem-
inating results serves to reinforce the anti-
comipetitive potential. University/industry
relationships that are part of or are the basis
for collective |ndustry research may thiis
have significance beyond the purly technical.

The preceding comments on the growth of

collective industry research are based apon

the impact of these activities on the Nation’s

technical base: Since there are a number of
benefits inherent in these efforts; considera-
tion should be given to possible Government

actions that might enhance the use of tech-
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nical rééoijrtéé ih thééé Colléttivé éh’éi‘igéi

Government actlon to support collectwe
industry research derives from S§everal
observationis aboiit the objectives and effects
of such initiatives.

First, the identification of areas of basic
scxence or engineering most desirable by an
industry sector sets a higher probability that

advances in these areas will be converted to

economic use: Thus; the research directions

set by the private sector should be kept

clearly in mind when considering the role

of a Government action: Will it provide addi-

tional support and therefore strengthen a
particular trend or will it complement a
direction to ensure a balanced base?

Second; support by collective action of
common,; noncompetitive R&D programs
can permit advances to be made on costly
and difficult areas that might not otherwise
be attempted by a single company. This is
particularly true in capital-intensive process
ihdijéti’iéé §UCH éé i‘ﬁihii‘igl éﬁd Céi‘i be a
entire mdustry

Thnrd collective 1ndustry actlon to sup-
port broad common research interests in a
competitive industry can release individual
corporate R&D resources for competitive
busirness mterests thus advancmg the tech-

nical level of an industry generally and

strengthening its overall competitive status:

With these observations in mind; there are

several areas for possible Govemment action

to enhance the use of technical resources in
these arrangements. A key concern relates
to institutional arrangements between in-
dustry and unijversities.

{1) Should the Government provxde
some form of indirect financial incentives;
for example, seed money, matching funds
or tax deduictions, to encourage the growth
of collective industry actions?
~ In thie case of the MIT-Industry Polyirier
Processmg Program, the National Science
Foundation provided seed money to stimu-
late research concentration in an area of
special interest to a university and a group
of industry sponsors The program’s viab'ility

demonstrated through the ongoing partncx-

pation of industrial firms and the prograrm’s

self-supporting mechanism: A critical ingre-
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dient here appears to have been the interest
of the parties concerned for addressing a
needed area of research. Government
funding provided the wherewithal fo organize
the required resources into a program
focused on polymer processing research,
Similar Government incentives in other areas
might merit examination when the interest,
need, and conditions of work are appropriate.

(2) Shisiild Governirrient support for basic
research at universities expand the directions
strengthened by collective industry pro-
grams, or should Federal funding be used
to emphasize whollp new d.recnons"

This consideration relates to the obser-

vanon dlScusSed earller that the |denhﬁcahon

of areas of basic science or engineering

most desirable by an industry sector sets a

higher probability that advances in these

areas will be converted to economic use:
Decisions for Federal funding of basic

research at yniversities should thus account
for {a) the overall separate efforts of industry
and academjic institutions in a particular area,
{b) the coopérative mechanisms focused
on an area, and {c) the possible gaps in_the
technical base that could adversely affect
balanced economic growth. A consideration
of these points may vary from one téechnical
field to the next. Government actions must
therefore reflect the soiirces of technical
change in a given field or industry and the
points of leyerage that require attention. In
some cases this may involve added support
for a particuler research direction, and in
other cases it may involve concentration in
a separate zrea:

(3) €an Govemmenit support of selected

research facilities at universities serve to

encourage similar or related actions by col-
lective industry programs in developing
cooperatnve relations with universities?

It seems apparent that excellence in a
university research facility can attract coop-
erative relations with collective industry
groups. Government support that serves to
strengthen a particular expertise at a uni-
versily can restilt in that university's becoming
a "Céhtér bf éXCélléhCé" ii‘i a gii)éi'i réééérth :
more hkely candidate for other sources
of support.

Of coiitse, the process can also work
when industry is the Initial, principal sponisor.
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As a research facility builds special expertise,
it can in tum become a more likely candidate
for Federal support.

Conclusion

Collective ihdUStYy groups are an important
comiponent of the Nation's technical base,
with implications for overall economiic growth
and mtematlonal competitiveniess. As such,
collective actions and new or strengthened
lnstltutlonal relatlonshlps meiit (a) detailed

examination of impacts on both relationships

and technical trends and (b) consideration

of Federal policies that can nurture the

process when necessary:
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E

The Impaet of Inereases in

xpen

Eefeﬁse ﬁ&f)

Abstract

Currently under Way is a 51gmf1cant reallocation of Federal budget resources, with the

Department of Defense (DOD) budget scheduled to increase 54 percent between fiscal

year 1981 and fiscal year 1984, while the overall Federal budget increases only 29 percent:

During that same period, the DOD budget for research; development, test; and evaluation

will increase by 78 percent; while all other Federal research and development expenditures

decrease by 12 percent.

This paper explores the potential impacts of these shifts in Federal R&D spending on
those institutions with a primary role in the Nation's basic and apphed research activities
and in the training of scientists and engmeers The data reviewed in_the first part of the
paper suggest that the major impacts of the increases in defense R&D budgets will be on
industry. and particularly on those sectors of industry already engaged in defense-related
work. While the overall impact on the Nation’s research universities is not likely to be major,
théré Cbuld bé §Ubétéhtiél irhj:iétté bh Sijétifit ihétitutidhé érid/br érﬁdhg éijétifit disciplines

The paper reviews several more quahtatxve issues related to DOD research support. It
notes the willingness of most major universities to take on more defense-related work, but
also notes university concern over recent Goveriment proposals to increase control, in the
name of national Security, over the dissemination of the resiilts of that research. Thls
concern miust be resolved if a satisfactory DOD-university relationship is to be established. A
major issue cuitting across Govemment industry, and universities is the impact of the
defense buildup on thie Nation's pool of skilled scientific and engineering personnel; there
is a possibility that. universities, the armed services, and some parts of the private sector may
experience dlfficulty in recruiting and retatnmg engineers and computer scientists, particularly

those with advanced degrees: There is likely to be increased competition between defense

and nondefense sectors for technical talent:

The paper concludes that Federal investment in all sectors of R&D; not only those clearly

related to defense needs; is essential to maintain and |mprove the technological base of

U:S: national security:

period, Federal funding for nondefense-
related research and development will de-
crease by approximately 12 percent. The

Introduction

Between fiscal year 1981 and fiscal year

1984, Federal funding of Department of
Defense (DOD) research; development; test;
and evaluation {(RDT&E)* activities will
increase by some 78 percent: over the same
*For the purposes of this paper. the abbreviation R&D
will be used for both civilian and Lepartment of Defense
programs; when refening to DOD, this abbreviation is
meant to include test and evaluation activities. However it
is not really accurate to compare DOD and other agency

budgets at this aggregate level, since other agencies
either do not have sigriificant test and evaluation activities
and/or do not treat them together with research and
development efforts: This reporting artifact therefore
causes some distortion in understanding the comparative

incréases in DOD R&D activities:

8N

increases in defense funds for R&D are part
of an overall acceleration in defense spending
driven by the desire, in the Congress and
the Reagan Admiinistration, to enhance the
U.S. seciirity postiire now and in the fiiture;
overall, the deferise buidget is targeted for a
54 percent increase between fiscal year 1981
and fiscal year 1984, while the Federal budget
overall increases only 29 percent: Table 1
presents overall budget pattems for the fiscal
year 1981/fiscal year 1984 period.

Significant reallocations of national

resources such as these are likely to have .

broad societal impacts: This paper explores
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’i‘abie i

FYs1. _FY84 _ %
Aclual Pi‘ﬁﬁbééd Chéhgé
FederaiBudgel® ................ $657 .:_ 2 illiii $848.5 billion 29.1
Dept. of Defense Budgela ........ $159.8 $245.3 53.5%
Dept. of Deferise RDT&ED . ... . ... $ 166 $ 296 78.3%
OtherR&DP ................... $ 190 $ 170 -11.8%
Dept. of Defense Basic Reseatchd © $0.610 $0.869 42.4%
Other BasicResearch® ... ........ $4.497 $5.570 279%
Notes:
a0utlays:

New Authonty. not including construction of famlmes

5ource bhapley Wl"lS TelCh Albertr and Wemberg Jlll Research and Deuelopment AAAS Report VII.

Washington; DC: American Association for. the Advancement of Science; 1982; pp. 6; 27; and_Intersociety
Working Group. R&D in the Fiscal Year 1984 Budget: A Preliminary Analysis. Washington, DC: Amencan

Association for the Advancement of Science: 1983; pp. 13; 15; 22; 33.

one such set of potential Impacts It discusses

the possible effects on the research system

of recent increases in defense R&D spending:

The research system; as conceptualized here;
is defined as “the set of institutions; facilities;
and most importantly; people; whose activities
both increase society's storehouse of knowl-
edge a'out physical; biological, and social
reality and investigate ways in which that
knowledge can be used for human pur-
poses.”! This definition, it should be noted,
emphasizes basic and applied research
activities, rather than development efforts.
Such an emphasis is appropnate for this
paper, since §Ub§téi‘itié”9 more attention is
given herein to issi- - . and impacts related
to'research cartied out within the Nation's
universities than it is to development activities
carried out within industry.

A number of recent reports on the state
of the U.S. research system have noted “signs
of stress, including resource constraints,

demographic trends affecting higher edu-

cation, escalating instrumentation costs; and

pressures for short-term returns on research

investments:::"2 This paper attempts to cast

some light on the interaction between shifts
in Federal R&D funding patterns and the
Boliéieé that Lindef'bin those snifts ‘on one
system. on the other. Wl" increases in defense
research spending ameliorate; or possibly
exacerbate, some of the emerging stresses?
Will the increased role of the Department
of Defense in Federal R&D support create

32

new stresses. new issues? Or are the sys-

temwide impacts of accelerated DOD R&D

funding likely to be minimal? The following

paper provides some preliminary answers
to these questions:

Trends and Developments

Historical Perspective

Before examining current and future impacts
in detail, it is worth reflecting briefly on the
impacts of Department of Defense support
on the creation and evolution of the U.S.
research system in its current form and, in
particular, on the development of the Federal
Governiment's relationship to that system:
The point of such a hlstoncal review is to

provide a basis for examining whether what

once was, will be again: Although Vannevar

Bush's 1945 vision; in Science: the Endless

Frontier, centered around the creation of a
civilian National Research Foundation to
serve as the keystone of a post-World War
Il Govemment-science partnership; in reality it
was the military services that took the
1945-1950 initiatives to create that partner-
ship. In particular; the Office of Naval Re-
search (ONR), established in 1946, was by
1950 supporting over 40 percent of U.S.
basic science and had developed a variety
of means of providing this support. Most of
those means are still in use today. They
include:

829
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¢ Funds for constriiction of large facilities
operated by a consortitim of universities;
* Fiinds for large single-university labora-
tories, with the research agerida set by
a single laboratory director;
/\cqmsmon of expensive, specialized
equipment;
* Funding for umque institutions such as

Woods Hole Oceanographic Institute;

.and
* Project grants to individual investigators

to pursue a particular line of research:?

The Office of Naval Research supported
research; not development; and its major
partner was the U.S. university system. The
character of that partnership and others
between Government and_universities
developed during the 1940s has been
described by the current president of a major
research university: “In an overall sense the
American university was mobilized for war
by the Federal Government in 1941, and
demobilization did not occur until twenty-
five years later.” As a result, hé notes, “the
Armierican research university yearns for the
1950s and eatly 1960s.... The fact is that we
were spoﬂed We took a great deal for
granted—affluence, growth, the respect of
society, a clear sense of purpose.™

Although other channels of Govemment

support for research and development were

developed or grew in significance during

the 1940s and 1950s—the Atomic Energy

Commission (AEC); an enlarged National
Institutes of Health (NIHJ}; the National
Science Foundation {NSF}; and the National

Aeronautlcs and Space Adr"\ istration
(NASA)—the Department of Defense con-

tiriuied as a dominant Federal R&D supporter
into the mid- -sixties. The naticnal shocks

following the Korean invasion, the Soviet
intercontinenital ballistic missile (ICBM)
buildup, and the launich of Sputnik reinforced
the natnonal secunty rationale for Federal
funding of R&D and, in the case of Sputnik,

triggered an across- the board concern for

U.S: standing in science and technology

In addition to support of university research;

during the fifties and sixties Federal funds

went to a new type of high-technology

firm organized to develop and produce the
technology-intensive systems required by
DOD and NASA, and the “‘aerospace”
industry became_a major performer of fed-
erally funded R&D. Existing, more traditional
firms created new divisions to perform
contract work for the Govemment. Also; a
new kind of institution, called a federally
funded research and development center
(FFRDC), was developed to carry out spe-
cialized research tasks, usually for a single
Govemment sponsor. Table 2 contrasts the
role of defenise-related R&D oiitlays over
the past decades and in more recent tirfies.

In terms of sc1ent1f|c advances and tech-
nological progress, this Government-

university-industry partniership in R&D proved

a powerful success. For example; a recent

analysis of the results of three basic research

projects at the Massachusetts Institute of

Technology sponsored by ONR in the late

1940s and early 1950s identified a “flood

Table 2
Role of Defense Funding in U.S. Research and

Federal Shate
Federal Delense ‘Space Civilian Non-Federal

Year Total Related Related Related Share
1953 ... ooviiinnn 54% 48%, 1% 5% 46%
1960 ...oovvven... ‘65 52 3 9 35
1965 ... 65 33 21 11 35
1970 .....ooiunnn . 57 33 10 14 43
1975 . oooviiiinnnn, 51 27 7 17 49
1980(es) ... ...... 49 24 8 17 51
1982(est) .......... 47 27 B 6 14 53

' Sources: For 1953 1980, Nationial Scienice Foundation; National Patterns oI R&D Resources. 195 ; NSF 80-308

Washington, DC: U.S. Government Printing Office, 1981: for 1982, author’s estimate.
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of knowledge and practical accomplish-
ments,” and concluded that, “without such
suppott, these benefits would very likely have
been postponed for many years or perhaps
not have veen attained at all.”s It is probable
‘Fft si‘i"ilé 'éstxl ts woald fcillow from Ci‘jtéﬁil
efforts Qf the 1950s. Stnce 1960, some 20
Nbbél Prize Wii’ii’iét‘s héVé dt‘éWi’i dii‘étt
At the level of technologtcal achxevement lt
was thie hlgh technology industries niittiired
by DOD (and then NASA) funds that both
U.S. and European observers in the 1960s
identified as the secret of U.S. economic
power, the U S. leadershtp position in such
areas as aviation, space, microelectrorics,

computers, and advanced materials was seen

as a counter to the erosion of the country s

position in other technologtcal!y intensive

sectors that did not receive direct Govern-
ment financial support:

Another product of close DOD-science
relationships during the 1950s and 1960s
was. tHe iniiéli)etnent 6f s&ne of the Néﬁbns
programs, exther as DOD funded investigators
or as advisers to the Defense Department
or the White House on scientific and tech-
1ological issues related to defense. This
linkage meant that some of the country's
best minds were familiar eriough with ideas
for new weapons systems to provide both
support and constructive criticism of such
proposals

Fven as the momenturn of the pannershxp
of the fifties appeared to be increasing, signs

of tenision appeared: In his farewell address

as President, Dwight Eisenhower warmed the

country of the potential of undue influence

on the part of both the “military-industrial
complex” and a “scientific-technical elite.”

During the mid-1960s; as national priorities
shifted toward domestic. concerns and as
U S invtiliietnent in Sbijthe'ést Asta beteitne
campuses and in sgcxety at large the part-
nership between DOD and the Nation's major
universities largely came apart. There was a
downturn in DOD R&D investments overall,
as the costs of the Vietnam War dominated
the defense budget. Between the miid-1960s
and the mid- 1970s, DOD support of basic
research, in constant dollars, was cut in half,

34

and DOD funding of R&D overall; again in
constant dollars; declined by one- tﬁifa (See

campuses of many of the country’s leading
universities questioned the approprniateness
of close DOD-university ties. Finally; the
Mansfield Amendment of 1969 prohibited
DOD research support unless there was a
“diréct and apparent relationship” to some
established DOD function or mission. Though
it is difficult to trace the specific impacts of
the M'a'nsfteld Amendment on particular
DOD research investmerits, the spifit of the
Amendmient,* coupled with university dis-
affection and budget constrairits, served as

effective limits on DOD lnvolvement in overall

research policy during most of the 1970s.

The point of this compressed discussion

is to point out the central historical role that

the Denartment of Defense has played in

pamcular]y inthe Government-sc1€nce part-
nership. Will the current step up in defense-
related R&D investments have similar broad
impacts? Becauise of the availability of addi-
tional DOD funds; will there be: _

& Major shifts in the character of; pohcxes
for, or mechanisms for Govemment in-
vestiment in research and develcpment?;

* More activity in the frontier areas of
fundamental science and engineering
inquiry, which will result in major sci-
entific advances in the 1980s and 1990s,
from DOD-supported research?; and/or

* Alessening or removal of current prob-
lerns such as obsolete instruments, too

few graduate and undergraduate

students in science and engineering,

and shortages of funding for worthy
research?

Will an increased DOD presence in the
research system be. a source of new con-
troversy, a cause of the diversion of high-
quality scientific and engineering efforis away
from p"r'o"rnisin'g' lines 6f civilian- 6tiented

be noted that the recent |ncreases in DOD
research support are i:iléi’ii’iéd to continue

‘Aitnougn the amen&;nent wés iegéiiy BIndIng for 6nly
one year, its impact persisted.
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?aiii’é :3

(in millions)

Constant FY 1972 Dollars

Curteni Dollars

: Basic Total Basic Total
Fiscal Year Research ~_ R&D Research ° R&D
1965 ..ooiviiii $347 $6865 $506 $10016
1966 ...........00000 341 7099 476 9903
1967 ...ooiiiiiii 362 8136 490 11008
1968 ... 318 7908 411 10209
1969 ...l 353 7890 436 9752
1970 ..o 323 7491 371 8607
1971 S, 318 7654 342 8228
1972 ... 328 8482 328 8482
1973 (il i, 304 8541 285 8011
1974 ... 303 8578 265 7505
1975 Ciliiiiiiiiiini 305 9167 244 7328
1976 ..ol 328 9770 245 7308
1977 . .oiiiiiiiiiiiii 373 11385 257 7856
1978 ... 412 11760 262 7468
1979 ...ooiiiiiiiiiii 474 12751 283 7612
1980 ... 552 14150 305 7825
1981 ... il 617 17050 312 8610
1982 . 695 20044 322 9461
1983 (..o 788 24300 323 9800
1984 ... 869 29500 339 11500

Soutees; Shapley Willis. Teich. Albeit. and Rreslow, Gail. Research and Development: AAAS Report VI.

Washington. DC: American Association for the Advancement of Science; 1982; p. 99 and author's calculations:
Report hereafter cited 25 AAAS; Report V1. The fiscal 9ear 1984 figurés are from President Reagan's budget submission.

Patterns of Defense RDT&E

in subsequent years, and thus their impact
Expenditures’

may be growing.

~ Or, will the current and potentlally con-
tiniiing Upswing in the availability of DOD
funds for R&D have only a marginal; though
not ihéighifitéht irhijétt on th'é rééeérth

Tr'a"cin'g the i:iatterhs of DOD expenditures
for research and developmierit is at best an
imprecise art, parhcularly if there is an atternpt
to compare them to overall national patterns

""" of R&D expenditures and performance.*

mstltutlons or on specxflc dlscrphnes may Definitions of various categones of R&D

,,,, 9 e e — -
" be SUbStant'al The increascs in DOD activities are different within DOD than they

are for civilian agencies, and DOD statistics

include test and evaluation efforts in the

on the Nation's secunty posture and it is
pnmarlly on this basis that those increases
should be evaluated (though not in this -
>0 orti

paper): But their sy“tele de effects frigg development activities: Reporting systems

not be as great as it might be expected,

given the large increases in R&D spending:

same accounting system as research and

*It should be rioted that this analysis examines only
the Department of Defense research budget. National

In particular, at the level of basic research

and of effects on the Nation’s research (as

opposed to development) institutions; in-

security-related expenditures by the Departmeiit of
Energy, NASA, NSF, and other Federal agencies are

o ol Sl not included in the analysis: A foli examination of the

creases in DOD funding are in fact not all
that large. The following sections of this paper
contain a prehminary analysis of these

systemwide effects.

total national security research budget is needed, but
is beyond the scope of this paper: the assumption here
is that such analysis would not markedly change the

conclusions of this paper.

Lo
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and time lags before Vreports are available

also differ. What follows; therefore, should

be mterpreted as an impressionistic sketch

of the current patterns of DOD spending

and of performers of DOD research activities;
placed in the overall context of national
R&D patterns:

Perhaps the central msnght from this sketch
should be_ identified at_the outset. During
the 1945-1965 period, DOD support was a
dominant feature of the Federal R&D budget;
DOD funding of universities and industry
was essential to the overall national R&D
enterprise. The picture is somewhat different
today. As Table 2 suggests, defense-related
R&D funding in recent years is just over
one-quarter of national R&D expenditures,
compared to 52 percent in 1960 Moreover,
this quarter of national R&D expenditures
is relatively narrowly concentrated. Over 70
percent goes to industry (including FFRDCs),

and the industries that receive major defense

contracts tend to specialize in defense and

space-related work; they are; with a few

excepticns. not the industrial giants of the

country or the major U.S: actors in inter-
national trade. Of research universities re-
ceiving Federal R&D support; only one of
the top ten DOD recipients gets more than

50 percent of its funds from DOD; and the

average “DOD share” of research support
among the top ten is 16 percent {fiscal year
1980 figures). {The reality is that the Depart-
ment of Defense, even during the period it

was the major Source of Federal R&D
fundlng overall never was the pnmary source

research or of Federal funds going to uni-
versities for R&D. For example, Table 4
provides a historical perspective on the DOD
share of funding for university R&D.)
These data suggest the major lmpacts of

the increases in defense R&D budgets will

be on industry, and particularly on those

sectors of industry already engaged in
defense-related work: While the overall
impact on the Nation's research universities
is not likely to be major; there could be
substantial impacts on specific institutions
and/or among specific disciplines as shifts
in research priorities result in changing
allocation of research support. The following
paragraphs provide evidence for this general

&

Table 4
Soiirces of Umversnty R&D i‘undmg

. NonFederal _Total .

Year Sources  Federal DOD?
955 ..., %%  a1m 19%
1960 ........ 37 63 21
1965 :..... 27 73 18
1970 .. .. 29 71 _ 10
1975 1 33 67 5
1980 35 65 6
Note: N

3lf DOD. funding to universities were to increase by
the mid-198Us to more than 10 percent of total sup-

port (and this is. the implication of recent increases).
its impacts could be substantial.

Soiiice: Alithor's calculations based on Nationial Scierice
Foundation. National Patterns of Science and Tech-
nology Resources. 1980. NSF-80-308. Washington:
DC: U.S. Government Printing Office. 1981.

conclusion and suggest where it must be

qualified or refmed
From fiscal year 1981 to fiscal year 1984,

the DOD R&D budget increased by some

78 percent while all other Federal R&D

expenditures decreased about 12 percent.

When one examines where these increases
have gone; the relative narrowness of
potential impact becomes even more evident.
Table 5 ijibvidés the 'rélé'v’é'rit dété Bé'si"c
equnvalents,,roughly DOD budget categories
6.1 and 6.2) increased much less than the:
DOD average, and Systems development
efforts in such areas as Strategic programs
increased at well above thé average rate;
further, these increases in hardware devel-
opmerit programs began with a miuch larger
funding base. For example, increases in

strategic prograrnis alorne requnred 44 percent
of the total DOD R&D budget increase in

the past 2 years. Whlle the dollar amounts

of budget increases do not have a one-to-

one correlation with the potential impacts

of those increases; the fact that most in-
creases are going to development; test, and
evaluation activities puts some limits on the
influence of DOD increases on_basic and
applied research activities overall.

There have been governmentwide at-
tempts during the last three administrations
to provide real growth each year in Federal
investment in basic research. The increase

o1
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Table 5

Distribution of DOD R&D Budget

%
B FY81 Fy84 % of _Increase _
Catedory . Actuzl Proposed Total 1681-1984
BasicResearch® .................... _$615 million _$850 million 29% 382%
Exploratory Develsprient® ........... $1985 $2963 9.1% 49.3%
Advanced Technology! Developmem ... .$593 $1233 _4:2% 107.9%
StrategicPrograms ...l il il L. $3440 $9160 309% 166.3%
Tactical Programs .. ................. $6130 $8850 299% 44:4%
Intelligence and Communications : .. ...  $1632 $3576 12.1% 119.1%
Mission SUpport «........coovuvnnnn. $2238 $3260 11.0% 45.7%
Total oo $16,634 $29.622 781%

Note:

AThese two categories are what DOD defines asthe * !efhnology base:" Over the past 3 fiscal years, the technology

base budget has increased by 46.6 percent.

Source: American Association for the Advancement of Science. Fiscal Waar 1984 Budget Report, p. 33.

lnoverall Federal support for basic research
over the past 7 years is 159 percent; the

corresponding increase in DOD basic re-

search support is 133 percent. In other words,

DOD support of basic research has increased
at about the same rate as Federal support

overall. The pattem is a bit dnfferent in recent
|ngzeasnng,42 percent between fiscal year
1981-fiscal year 1984, while basic research
support from other Federal agencies in-
creased 28 percent. Still; the dollar amounts
involved are not overwhelming; DOD support
for basic research over that period increased
by only $191 million. Indeed, recent increases
in DOD basic research funding may be best
understood riot as part of the national security
bu\ldup under the current Administration,
but rather as the continuation of a trend
that began in the mid-1970s and was diven
partlcular attention under the Carter Ad-

ministration. For example; in 1976 the

Defense Science Board conducted areview

of fundamental research in DOD; and in

1978 the Office of Science and Technology

Policy issued a report (the “Galt Report”)
that focused on basic research within DOD
and called_for a reinvigorated DOD basic
research effort. An office to.oversee DOD
research efforts was established under the
Undersecretary of Defense for Research and
Ehgihééﬁi‘jg in 1978, and there was sub-
stantial real growth in DOD research budgets

52

in the late 1970s, growth that has continued
in recent years.

The Department of Defense spends its
R&D money very differently than other
Federal agencies do. A recent American
Association for the Advancement of Scierice
(AAAS) report noted that DOD “depends
on and supports a major segment of the

U.S. scientific and technologncal community

through a fairly comfortable pattern of

working arrangements; mostly with xndustry

that has evolved over the years: Other parts

of the scnentnf:c and techmcal commumty

largely outside the ,mnhtary orbit:"8 For
example, currently 24 percent of the R&D
budgets of nondefense agencies go to uni-
versities, while only 3 percent of the DOD
R&D budaget is spent in academic institutions.
The Defense Department puts 74 percent
of its R&D budget into industry; nonaefense
agencies, only 46 percent. The allocations
to in-house laboratories are similar: 21 per-
cent for DOD, 30 percenit for other agencies.

Amencan busmesses receive by far the

awards. Table 6 lists the top 10 recipients of

DOD research contracts: As mentnoned

earlier, most of these recnplents are hlghly

specialized; advanced technology firms that

have been created or have been adapted to

perform DOD (and NASA) sponsored work;

most of them do not have a diversified
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Table 6

Contractors, Fiscal Year 1981

poD  Fortune 500

Company or Institution Rank ~ Rank _
Martin MariettaCorp. ... ... 1 130
BoeingCo. ....ovvuin... 2 31
Rockwell lr)!ggnanonal ..... 3 48
Hughes Aircraft ........... 4 213
Gereral ElectricCo. ....... 5 11
Generall Dynam:cs Corp 6 76
TRW.In¢. 7 71
United Technologies Corp ) 8 20
Boeing AerospaceCo. [ 1.1 9 a
Aerospace Cotp. .. ........ 10 b

Notes
3Not separately ranked.
bNonproht corporation (FFRDC)

Source Depanment of Defense 500 Contractors Re
ceiving the Largest Dollar Volume of Prime Conract
Awards for Research. Development. Test. and Eval-
uation: Fiscal Year 1981.p. 2.

product line, nor do they sell their products
in commercial markets: DOD is included in

the provisions of a new law requiring all

Federal agencies to set aside an increasing

portion of their R&D budgets exclusively
for small businesses: Other agencies have 4
vears to increase the small business share
of their R&D spending to 1.25 percent; DOD
has 5 years to meet that target figure. What
elements of the DOD budget (for example;
the test and evaluation cateqories) will be
subject to this set-aside requirement have
not yet been determined.

Of the top 500 defense R&D contractors
On.y 12 are unlversmes Table 7 lists the 10
support. Four of these institutions are armong
the top 10 university recipierits of Federal
R&D funds overall, but, with the exception
of Johns Hopkins University (because the
off-campus Applied Physics Laboratory is
included in the Johns Hopkins total); in

fiscal year 1980 none of these or the other

top 6 research universities received more

than a fifth of their Federal research sup-
port from DOD:

In summary; then; the Department of
Defense provides over half of all Federal
R&D support proposed for fiscal year 19684,
and the DOD R&D budget is increasing
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Table 7
Uiiiiiéféiﬁé:é Réééii}iﬁé 15615

Fiscal Year 1980

Rank as . DOD
Rank as Recipient Funds as
Recxmem _of all. Percent of

- of DOD Federal Total
Institution Funds Funds Support
Johns Hopkins? .... 1 1 65%
MIT .............. 2 2 17%
Georgia Institute of B - .

Technology .:.:: 3 47 68%
Stanford University . . 4 3 17%
Pennsylvarnia State 5 17 28%
Universityof Texas .. & 32 366
University of Dayton . 7 86 90'%6
University of _ . , L

_ Washington ;. ... 8 [ 12%
Unnvggsﬁ}g of Southem B B o
__California ....... 9 21 23%
Umversny of Califor-

nia,SanDiego ... 10 5 12%
Notes

Physncs Laboratory. ‘f\—merly a FFRDC.

b0f Federal support, 25 percent goes o Apphed
Research Laboratory. formerly a FFRDC.

Source: National Science Foundation. Federal Sup-
port to Universities. Colleges. and Selected Non-Profit
Institutions: Fiscal Year 1980. Washington. DC: U.S.
Government Printing Office: 1982;

much faster than the rest of Federal R&D
expenditures. Although the short-term in-
fluence of this growth on the Nation's re-
search systemn may be limited, if the defense
buildup continues, and if DOD research and
development expenditures continue to grow,
the longer term impacts, particularly on
high-priotity areas of the physical sciences,
mathematics, and engineering, could be-
come sigrificant.

Tﬁéﬁiﬁadéiﬁai base for national security
programs is n‘?t,,‘?,,f?b"?t condmon ‘and
nmprovmg that situation.? But; {a) this is.not
primanily an issue of science and technology
pohcy, and (b) as already noted defense

somewhat in laolajxon from,the mamstream
of American industry. Thus, increased
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budgets rrffo't‘rWéapO'hs’ system development
are not likely to have widespread impacts
on the research systemn overall. Some prob-
lems are likely to emerge from the industrial
mobilization to support an enhanced nanonal
security posture pamcularly with respect to

whether sufficient industrial capacity and

adequate supplies of skilled scientific and

technical personnel will be available for

defense requirerients without creating sig-
nificant shortfalls or bottlenecks in the non-
defense sector: There are also over 760 DOD
research laboratories under service man-
agement. Recent studies have identified
significant problems within these laboratories;
and DOD managers are taking steps to
improve their performance. These steps are
also unlikely to have significant systemwide
impacts; again with thé ektéption that théy

cessful competitors for the limited supply of
technical tzlent.
Wnth respect to the academnc sector, )

that

the universities and DOD need each other.
DOD needs the scientists and engineers
trained by universities; it needs the faculty
pool of scientists and engineers warking
in the DOD area as onginators of new
idéas and as ékpért tonsijltants and a'd'
defense preparedness is Jn consrderable
dis”réjjait‘, and therefore in need of up-
gradihg in fa'culty' _equipment, fa'cilities
broader than DOD but DOD has a spe-
cific interest and responsibility and a
critical need to see that a solution is found
and that the solution is endunng 10

Ini its efforts to develop an endunng
solutlon to creating an effective DOD-
university partnership, the Department of
Defense has taken a number of program-
matic initiatives in addition to increasing its
investimient in acadernic research. It is in the
changmg character of the DOD-university
relationship that many of the newor errerg-
ing issues dnscussed it this paper can be
found: Five such issues are discussed below;
following these discussions, issues associated

with DOD support of industrial research and
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issues associated with science and engi-
rieering personnel are highlighted.

Are Universities Willing to Undertake
More DOD-Funded Research? Inthe
current flscal year, Federal R&D sipport to
universities will total approximately $5.2
billion; of this amount, about $0.9 billion

(17 percent) comes from the Departrment

of Defense: Major research universities see

themselves in a funding crisis; and thus the

possibility of substantially enlarged DOD R&D

support is quite attractive to the leadership

of the academic community: In recent Con-

gressional testimony, a panel of university
presndents suggested that over the next 15
begin maklng up” a $4 billion undennvest-
ment in basic research owver- the past 15
years.!! One member of the panel told the
Congress that “universities today should be
and...are Willing to do all within_their capa-
bilities and limited resources to be involved
in meeting national security needs. The great
crisis of ideology during Viet Nam has all
bt evaporated among faciilty, stiidents, and
staff.”12 Other observers are not convinced
that the kind of differences in values and
perspectives that drove the academic and
national security communities apart in the
late 1960s have totally disappeared; recerit
demonstrations related to a campaign for

nuclear freeze may suggest lingering university

hostility to DOD programs: A blue-ribbon

panel that recently examined national security

R&D programs noted “the emotional carry-

over of the Vietnam era: students who

phnlosophxcally reject the concept of strong
defense as deterrence combined with faculty
who have put aside certain technical fields
to pursue investigations less likely to have
implications for armament. The institutional
suspicion of the military in some schools
§éi}éi’ély lirﬁitf: théir rolé in the Q"eét adiiéntijré
suggests the presiderit of the university that
tops the list of recipients of DOD funds, “a
nonmobilized community of research uni-
versities can and should be more caiitious
and selectlve with respect to initiatives from

government for new research activities....”"14
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University Concerns over Export Con-

trol Requirements. One issue of central

lmportance to restoring a mutually satisfactory

DOD-university relationship stems from

recent Government proposals to increase

control, in the name of national security,

over the d:ssemmatlon of techmcal mfor-

appears in another paper in_this com-
pendium, its major elements will simply be
highlighted here.!5

~ The recent controversy is a reflection of a
longstanding tension between the notions
of free communication of scientific infor-
mation and of the need to protect information
related to national security interests. There
is general agreement on the need for the
United States to protect engineering and
techniological information related to national
seciirity; the controversy anses over sug-
gestions that since relatively fundamierital
scientific dnscovenes can quickly be incor-
porated into technology for military systems
and since the United States depends for its
security on technological superiority, there
isa need for controlling access to senentrfle
as well as technological, information: This is

especnally the case, argue those concerned

with national security, when the Soviet Union

and its Warsaw Pact allies are undertaking

systematic efforts to acquire U:S: scientific
and technological information:

~ The scientific community has been reélstaht
scientific mformatlon,,argumg that ¢ open
disserﬁiﬁatiéh 6f results and Sijbsedijeht
essentral elements of the sclentlflc,,process
and that any bamers to such flow will impose
much_greater costs; in terms of slowing
scientific discovery and perverting the practice
of science, than the potential national security
benefits. As Government concerns over the
leakage of technical information have in-
creased, the scienitific and research university
commiurities have been outspoken in their
resistance to additional cornitrols over the
activities’ of,the,basnc research community.

Duiririg 1981 and 1982, Adriinistration
officials expressed concern that bilateral
U.S.-US.S.R. agreements for scientific
exchanges were one-sided, with the Soviets

40

RIC

gaining access in areas where they are weak;

that scholarly exchanges were being misused

by the Soviets, who were sending senior tech-

nical people; some from closed military

institutes; to the United States; that much
defense-related information was beinginad-
vertently disseminated at professional con-
ferences and scientific symposia attended
by scientists from the Communist countries;
and that open publication of scientific findings
in_certain fields was transferring sensitive
information to U.S. enemies. The concem
came to public attention in January 1982,
when the Deputy Director of the CIA ad-
dressed a scientific meeting and warned of
a “hemorrhage” of U.S. téChhbldgy to the
Soviet Unionand ofa ‘tidal wave” of public
reaction if the scnentlflc and technological
commiinities did not develop voluntary
mmeans for ensuring that sensitive informa-
tion was not accidentally made available
to U.S. enemies.

These recent pressures for increased
cotrol over technical information have been
met by strong reactions from spokesmen

for the scientific community; who argue that

any moves toward restricting the activities

of basic researchers are not justified and

may be both unwise and unconstitational:
There has been continuing discussion of
the “science vs. secrecy” issue in the past
CommLttee on Science; Engmeenng, and
Public Policy of the National Academy of
Sciences and the Committee on Scientific
Freedom and Responsibility of the American
Association for the Advancement of Science,
have launched stidies aimed at finding a
common ground for agreement between
the national security and scientific com-
munities. This is a major agenda item for
the DOD-University Forum, discussed below.
Although there is little doubt that the De-
partment of Defense can impose whatever
conditions it chooses over research it funds
directly (just as researchers can reserve the
right not to accept DOD funds with unac-
ceptable conditions attached) the broader
concerns of the research commumty over a

general restriction of scientific communica-

tion on national security grounds must be

allayed if the major research institutions of
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the United States are to be willing to engage

themselves actively in an accelerated DOD
research effort.

Character of DOD Support to Univer-
sities. As discussed previously, the increases
m,,DOD, funds_going to universities; when
adjusted for inflation and for the funds set
aside for DOD's “instrumentation initiative”
(see below), are less than 20 percent of
overall Federal funding for university research.
Sttll DOD university funding is almost equiva-
lent in dollar amount to that of the Natnonal

few years the “DOD share" of university

research support may continue to grow

faster than other elemernts of the basic

research budget:

If a particalar institution were to receive

significant new amounts of DOD funds for

research, instrumentation; and student sup-

port. the concentration of such funding could

substantlally alter the character of that

institution’s research and graduate teaching
cfforts. Furthermore; DOD support is likely

to be concentrated in a few disciplines and
fields of particular relevance to national
security applications;"and this could have
major impacts within the basic research
enterprise in terms 'o'f statu"s ability to attract

sc|entlf|c progress overall B

In the immediate post- World War I penod
DOD funds, patticularly those channeled
through the Office of Naval Research, were
in effect general Governmient support of,
especially, basic research. Suich has riot been
the case for the past two decades, althotigh
ONR is still seen as the least restrictive of
any Govemmenit agency supporting research.

Even though the requirement of the Mans-
field Amendment that all DOD funded re-

search have a “direct and apparent rela-

tionship” to a mllltary functlon has been

softened to require only a “potential rela-

tionship,” DOD R&D investments; even those

in the 6.1 “research” category. are best

understood as targeted long-range research
support in areas of perceived national secgntg

importance. with priority research areas
selected by DOD. This has been the case

for somie timie; for example, a 1974 study of
DOD supported projects at Stanford Uni-
versity concluded that “the military had
developed a rational, well- administered

program to deﬁne research pnonhes in terms

to purchase (emphasis added) R&D from

univessities based on those needs. Thus, while

the scientific purpose as reflected in each

individual project proceeded objectively,

funding availability biased sclentlsts’ choices

on which projects to pursue:” To the authors

of this study, such extemal criteria for project
select|on were problematic; they raised
serlous questlons about the umversnty s

processes by which people search for scientific
truth. For nonscientific standards set outside
the scientific cominunity to have a heawy
influence on the choice of which projects
are undertaken may be proper and desirable
for industry or Governmient; but... it is not
compatible wlth,the universities’ role as
agency to protect the scientific process.”!6.

This is a rather idealistic view of the
scientific enterpnse By accepting external
funds for research support, universities at

least tacitly also accept some set of extemally

derived research priotities. Perhaps tiore

realistic is the questlon of whether an in-

creasing trend toward hamessxng research

priorities to national security requirements

is in the national interest: Certainly DOD

research needs are likely to differ somewhat

from those defined in the civii sector; and
thus.-there could be shifts in the existing
pattern of basic research activities as DOD
funds are injected into the system and other
sources of funding have decreas~d budgets.
This kind of reallocation of basic research
priorities appears to be well under way. Not
only research priority decisions but also
decisions on which specific projects to fund
are, in general, made by DOD technical staff;
peer review is rarely used by the Department
of Defense.

As part of its accelerated R&D effort
DOD has identified its highest priority
technologxes as:

* Very high speed integrated circuits,

» High-energy lasers,

¢ Manufacturing technology,
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Precision-guided munitions, and
Rapid sohdxf:catxon alloys

DOD is pursuing a research investment

strategy that will support rapid progress in

these and other critical technological areas

with “order of magnitude” impacts on future
military systemns:!?

Historically, research done under national
secunty auspnces and in response to natlonal
source of scientific breakthroughs that are
the bases for significant technological inno-
vations of general economic significance.
Most of the high-priority research areas
targeted for DOD funding also may have
potentially broad civilian applications. How-
ever 'm'ilitary systems are b’e'c'ornin'g increas

mlhtary to. civilian apphcatlons as has oc-
curred in the past There will be a need
for continued attention on the part of DOD

and other research managers to making the

results of DOD research accessible to the

private commermal sector and other Gov-

ernment users. consistent with security
requirements:

Also: as particular research prlorltles

dominate DOD investments at even the basic

research level, areas of research currently

being supported by civilian agencies could
become candidates for DOD funding; and
lines of research not falling into areas of
DOD interest may require particular attention
from such agencies as NSF. if the best science,
supported. There,wﬂl be a an lncreased need
for govemmentwide coordination of research
support at the disciplinary or program office
level, as well as more generally, and NSF
may well be required to return to somewhat
of a “balanice wheel” role as @ Federal
research support agency. Already in place
i a mechanism by which DOD. NSF, and
the Office of Science and Technology Policy
(OSTP) can coordlnate research activities
in areas of mutual interest, and this type of
coordination is necessary to achleve some
semblance of coherence in Federal
research pohcp

As thts discussion suggests the role of

DOD in the support of umverslty -based

research will increase in importance; but

DOED; as an agency with a nonresearch
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mission, is a poor candidate to reassume

leadership as the support agency for aca-

demic science: The AAAS notes that some
people are asking “since national prionties
are being tilted loward defense; and since
basic science is so important.to national
defense in the long run, why shouldn’t the
DOD budget take on a really major share
of support of research at universities?” This
view is described as a “pipe dream,” one
that does not recognize “that it is highly
unlikely that DOD could get a national
defense priority within DOD itself or in
Cbhgfééé f'o"rmt,hé Qéhét‘él support of
basic research.”!

recent Congresslonal testlmony, the then
Depiity Director of NSF reported “an emerg-
ing consensus in universities, the Federal
Govemment, and private mdustry that there is

a critical and growing need to replace ob-

solete and worn-out research apparatus and

laboratory facilities in the Nation’s research

universities: Although its precise dimensions

arc not known, there is strong; qualitative
evidence that the problem is pervasive and
large in scope. A rough, but reasonable.
estimate of the lower level of the deficit is
$1.0 billion. Upper boundaries of the problem
have been placed in the $3.0-$4.0 billion
range.”!? Among a number of Fideral
agencies addressing this problem, the De-
partment of Defense stands out by proposing
a 5wyear. $150 million initiative to fund
university instrument purchases in areas
related to DOD scientific programs.

The first granits under DOD's niew inistru-
mentation program have recently been
announced. The corcept is that each service
will have $10 million per year. in addition to
its research support budget to allow univer-
sities to purchase sctentlflc Instruments
needed to conduct new, or to improve
existing; research efforts in areas of DOD
interest.20

Both the Defense Science Board and

unlverSItg administrators had called for a
DOD instrumentation program equal to 25
percent of DOD's basic research budget; or
at least that portion of the budget going to
universities. By generous calculation; the
proposed initiative is some 4 percent of the
DOD basic research budget; and over 5 years
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Would add up ro only iS percent of the

lS the most ndentrflable Federal response to
a VWIdely perceived problem in the research
system; and it could make a meaningful

contribution to ameliorating that problem.

The DOD instrumentation initiative may pro-

vide an example for other Federal agencies

to emulate; recent Congressional testimony

suggested that DOD should “take the leader-

ship role in establishing programs for the sup-

port of facilities and instrumentation;2!

University-lndustry Relatronshlps for
Defense R&D. The Department of De-
fense is attemptlng to encourage closer ties

between defense contractors and research

universities: Each defenise contractor coriduicts

an Independent Research and Developmieit
(IR&D) effort; with about one-third of the

costs of this effort being provided by DOD.

The purpose of IR&D is to allow defense

contractors to develop their own ideas in

areas of potentlal value to national security

objectives; as distinct from the R&D they
carry out to meet DOD contract require-
ments. Currently; essentially all of this IR&D
effort is conducted in-house by defense
contractors, but the Defense Sélenée B'csa;a
encouraged,to,sypport work at universities
through the IR&D route.”? Such a proposal
is cutrently under discussion within DOD,
and various ways of providing incentives to

t:lose to $1 btlllon/year in IR&D retmburse
ment to its contractors) or, more likely, to
transfer newly provided funds to university

researchers. The flnanctal and policy implica-

tions of such an initiative could be significant

in coming years, as part of the emerglng

centers around defense related R&D.
lssues Related to DOD Support of

Industrial R&D
Earlter rt was suggested that defense lndus

science and technology In one sense, this
was not an accurate characterization; in the
past 10-15 years, according to one recent

DOD report
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the character of the defense industry has
changed significantly. The large prime
contractors and major subcontractors are
no longer stand-alone organizations
devoted primarily to defense business.
The companies have become elements
of large multi-market organizations and
milist compete internally for the limited
capital that is available....There are strong
indications that the retiirn on investment
in the deferise sector has deteriorated...

and that investimient is going to the non-
defense sector because of higher yields
and lower risk. The situation is exacet-

bated by the instability in the defense

market, as evidenced by changing pro-
gram requirements. As a result, the

defense industry is under-capitalized. 2

Whether or not this is an accuarate picture

of the present situation; the current defense

buildup, if sustained; is likely to make the

defense business an attractive proposition
to corporate managers. The results of a
reemphasis on defense industries; from an
overall national perspective; require more
extenslve examlnahon than is possible w:thnn

economnst has suggested that one pressing

issue is
how the U.S. can maintain the industrial
strerigth to compete With other countries
in civilian production and sales. The basic
problem here is not so miuch one of ob-
taining critical raw materials and equip-
ment, although there may be shortages
of both; but is one of skilled workers—

craftsmen; engineers, and scientists.

Such people will tend to be attracted to

military production: Defense contractors

will entice workers away from civilian firms

by paying higher salaries as they build

up their work forces on a crash basis;

But even if the ‘salaries were identical

there would be a tendency for the most

highly qualified people to move into

defense. For most engineers; such work

is simply more exciting.24

Close observers of the defense industry are
shghtly more optimistic about the capacity of
U.S. industry to perform additional defense-
related work without dislocations in the
civilian economy. For example, the Defense
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Economiics Research Report concludes that
“the large growth rates demanded of the
defense- §Ui:ii:il9il‘ig §étt6t‘§ t‘éléthé td tl‘iélt‘
large growth rates must be achieved across
numerous 1ndustnal sectors, and the fact
that they must be sustarned for a lengthy
period all combine to provide a quantitative
basis for the concerns regardmg potential
bottlenecks lengthening leadtimes, and price

pressures.” The report recognizes that “the

problem may be a real one of non-trivial

significance;” butsuggests that “‘effective

management, investment; and worker train-
ing could lead to the avoidance of many of
these problems.”%

The major lssiie releiiént tc- this p'ap"e”r
demands from the defense 1ndustry on the
Nation's pool of skilled scientific and engi-
neering personnel, This problem is discussed
in more detail below.

Another issue related to 1ncreased DOD
results of that research will find their way
into the nondefense sector, so that they can
be considered in terms of their potentlal
economic or social benefits. Historically, this
transfer process has been a major source of
civilian tech""logical ihnovation, at least
accordlng to most analpsts As defense
systerrss become more specral!zed and distinct

from nondefense analogs, DOD research

investments may be more difficalt to tarn

into results of broader general benefit to
the economy. On the other hand,; as has
been the case in the pas; new and currently
nnantrcrpated opportunmes for civilian appli-
cations with major economic payoffs could
result from lines of research that DOD intends
to support. Ensuring that the country gets
maximum payoff from investments of public
funds in R&D support; by DOD as well by
nondefense agencies, will require continued
Government sensitivity to opportur.ities for
the flow of defense technology into the
commercial sector. Heightened concern
ébbut tl‘lé l‘iééd td Cdl‘itt‘dl éCCéss to sensi-

appllcatlons.

An issue on which thé interests of universities;
Government laberatories; and industry con-
verge is the demand for; and supply of; skilled
scientific and technical personnel. Currently
there are some 1,600 vacant faculty positions
in U.S. engineering schools, and the Depart-
ment of Defense currently estimates it has
5,000 unfilled civilian and military openings
in science and engineering. The Govemment
and the universities, each with their own
salary constraints, are competing with healthy
and growing defense and civilian |ndustnes
for a llmlted supply of sc1ent1f1c an’ par-
Defense Scierice Board reported recently
that "DOD and the country face a crisis in
the availability of technical personnel.” The
Board also noted that “over the long run

the universities and DOD will have to respond

to market pressures in upgrading their science

and engineering staff."% However; as one

recent analysis reported;

If present undergraduate enrollment

trends persist; there should continue to

be enough new graduoates in most broad
fields of science and technology to satisfy
anticipated demands through the decade.
However; spot shortages do exist in certain
subspecialties; and others may develop.
The greatest broblerns at present appear
scientists. Unxverslty facultles, the armed
services, and, in some critical fields, private
industry are likely to continue to experi-
ence difficulties in recruiting and retaining
qualified engineers and computer scien-
tists, particularly persons with advanced
degrees.?’

The DOD 'eseérCh b'tiild'u'p' inClUdes in-

neerlng”ln”1981 whlle D,OD ,employed
almost 230,000 scientists and engineers, only
some 21,050 students were receiving DOD
support of some type, and only 50 graduate
studenits were recipients of DOD fellowships. 2
Iri the main, the services are increasing their
support of undergraduate education through
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their ROTC programs. The Nawy requires

that 80 percent of the recipients of ROTC

schoiarshlps major in science and engineer-

ing: the Air Force; 70 percent The Army

does not have a similar policy; although it is

under some pressure to do so: The services

are also attempting to increase the size of

their ROTC programs.
Beginning in fiscal year 1983, DOD sup-

port of graduate education is ‘being sub-

stantially increased. All three services plan

fellowship programs with awards in most
cases substantially larger than comparable
fellowships from nondefense agencies. The
fellowship stipend will be $12,000; with. the
host institution receiving an additional $8,000:
the total number of students to be supported
is approximately 100. DOD fellowship pro-
grams are plantied to ificrease in subsequent
fiscal years, but clearly they will support only a
small fraction of the graduate students
needed to meet DOD iequirements for
advanced trammg in science aid engineering.

University officials have suggested that DOD

support up toﬂl 000 new graduate students
each year. but this seems unlikely in the

current economic climate: 2 Of course, othier

graduate students are supported as research

assistants on DOD-funded projects: the

current estimate is that some 4,000 students

receive such support. One issue here is

whether the comparative financial attrac-
tiveness of DOD fellowships will attract a
disproportionate share of the best under-
graduate science and engineering students
into DOD-related work. Proposals have been
made that DOD fellowship programs include
the provision that recipierits work one year
in DOD laboratories for every year of grad:
uate support they receive, though this is not
currently a requirement.

One attemipt to steer promlslng younger

students toward defense-related research -

deserves mierntion. In July 1981, the De-
partment of Defense established a science
and engineering apprenhceshlp program for

high school studenits to stlmulate broader

|nterest among studer‘ts in science and

engineering careers and to establish individual

working relahonshlps amorg students and

active researchers. The program is executed

by individual DOD laboratories and by the

scientific officers responslble for the Army;,
Navy, and Air Force research programs. The
minimum age limit for the apprenticeship
program was relaxed by the Office of Per-
sonnel Managerment to allow employment
of high school freshman and sophomores

aged 14 and 15 years. DOD sponsors of
apprentices are particularly encouraged to
refer promising gradiiates of the apprentice-

ship program to other DOD laboratories in

the communities whetre the student intends

to attend college: If successful, these prograims

and referrals will direct student scientists/

engineers toward defense-related research

and issues and, perhaps; toward iiltiifiate

employment by the Department of Defense
or its contractors: e
_The role of DOD in support of graduate

education in the United States is likely to

remain relatively limited: however; a recent
review of defense R&D concluded that “an
investment in 20 thousand more Ph:D:s in

science and engineering today——costlng
society perhaps $2 billion—uwill be worth: in
terms of military deterrence and national
security, many times the $2 billion cost of a
future division or air wing."® It seem unlikely
that this kind-of argument will ¢ carry much
weight as the couritry considers how best to
enhance its deferise postuire in coming years.

The major findings of this analysis have been

identified earlier. but are worth restating.

The tentative nature of these find.ngs should

be emphasized: as the AAAS R&D analysis

remarks: “in many respects it is still too ealy

to see the real impacts of changing funding
patterns...the real impacts..will not be felt at
colleges and universities until sorme time in
1983. and perhaps later.””3!

All of those who have considered emerging

issues in the U.S. research system of the

1980s have identified the supply of weli-
trained engineers. and particularly of engi-
rieers with graduate degrees and/or who
are U.S. citizens. as a major concern.” This
paper reinforces that concem, and « suggests
that & major impact of increases in DOD

R&D buidg.ts overall is related to availability
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of and competmon for engmeenng talent
DOD funding will go primarily to the aero-

space industry for development of new

military systerns, and this may well create; in a

competitive personnel market with limited

supply. a bias among individuals toward DOD

work; since it will offer both exciting work

and high salaries: Universities and perhaps
even civilian industry may find it increasingly
difficult to attract the best people; given this
defense-industry competition. _

To meet the growing demand for scientists

‘and engineers; U.S. colleges and universities

will have to attract more well-qualified
students to technical concentrations and
increase the_ flow into the economy of
graduates at the bachelor's and. particularly.
the postbachelor’s level. There are likely to
b insiifficient niimbers of qualified faculty
available, especially in engineering schiools,
tinless the ciitrent state of affairs with respect
to faculty salaries and working conditions
is significantly improved. The Department
of Defenise has recognlzed thlS situation
nd is attempting to find ways to help
amehorate it.

Attempts to reestablish a mutually satis-

factory DOD-university relationship will most

likely continue to create policy controversy.

More generally; university leaders are ex-

hibiting some ambivalence and skepticism
about the changlng character of Govemment-

observers think that “‘recent c,utbac,ks in
nondefense R&D are unprecedented and
have significantly eroded the faith of many
members of the scientific community in the
underlying stability” of Government policy
for academic science.’® The prospect of
inLréaééé in' 'r'e'séarch ihs’trum'entatioh facility

attractive to universities that perceive them-
selves in difficult financial condition. Yel,
thete are concerns abolit the conditions of
DOD support, siich as export control require-
ments. and about excessive dependence ona
source of funds that has had a “stop and

go” record of umversnty support over the

past two decades. A DOD Universitu Forum

has been created asa vehicle for discussion

of such issues as science and engineering

education; export control requxrement& and

foreign language and area studies efforts;

DOD is attempting to involve itself more
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actively in science policy discussions at a

number of levels:

This paper has concentrated on the effects
of increased POD support on the U.S.
research system overall. But the relationship is
a two-way path; there are important questions
related to the contribution of the Nation'’s
research system to its overall national security.
A recent review of how to assure this con-
tribution concluded that “it is not possible
to separate purely miltary activites in science

that,have broader e,conomlc. exploratory,
academic, or social rationales for their puirsuit”
and stressed “the important relatlonshlps

that tie our military R&D programs closely
mto the larger technlcal problems of our

onlyina healthy overall R&D environment.™*
Increases in DOD R&D fundlng, by them-

selves will not achieve the desired nbjective

of improving the technological basis of U:S:

national security. The effects of those in-

creases must be evaluated in a systemwide

context; and national science and technology
policy should be adjusted to facilitate the
the adaﬁtatlon of tl'ie u.s. research system
funding pattems. O,nly,by coordmated pohcy
development can the United States receive
the full benefits. in both defense and non-
defense sectors, of Federal investment in
research and development.
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Abstract

The training and utilization of the “technical workforce"—engineering technicians and

technologists 'vho support englneenng activities—has emerged as a serious national policy

issue. Three dimensions of the issue are explored in this paper: its relattonshlp to the

enhancement of produc.mty the mlsmatch of technlcal tralnnng with jobs: and the growing
develo srents of the last decade underscore the need for better supply demand data on
this workforce and on the job skills defined by geographic and industrial servi:e areas.
The complementary roles of four institutional actors—educational institutions; industry;
Government, and professional associations—are described and linked to the individual
process of career choice. Industry’s role appears to be pivotal in clarifying training and
utilization opportunities for engirieering technicians and technologists in the United States.
However, new patterns of cooperation and initiatives on the part of all four institutional
actors are hkely to be essential if the prOJected national need for associate and baccalauireate

degree technologists is to be satisfied.
Introduction

At least since Sputnik |; science and engi-

iéenng manpower has been a national bolicy

the “technical workforce” = —engineering
technicians and technologists who support
engineering activities. Although the impor-
tanca of this non-Ph.D. and moétly indus-
trially employed workforce has been recog-
nized, a gap in our manpower knowledge
exists. This paper seeks to analyze trends
and developments in the supply and demand
of this workforce dunng the last decade,
discussing the unique but complementary
roles of vaiions mstltutlonal actors and pro-

posing specific policy options for clarifying,

and perhaps creating; training and utilization

opportunities for engineering technicians

and technologists in the United States:

There are at least three dimensions to

technical training as a national policy issue:
The first relates to the mismatch of training
with jobs fthe so-called underemployment
question): the second to the growing financiai
constraints on the irstitutional producers
of the technical workforce: and the third
to the enhancement of productivity. This
section_provides a brief overview of these
issues. The next section discusses evidence
for the tentative conclusions reached in this
overview.

Technlctans and technolognsts enhance
national productivity by augmenting the

engineering workforce: Technicians can be

educated in 2 years rather than 4 years:

While a technologist holds a 4-year bac-
calaureate degree; a technician holds a 2-
year associate degree in an engineering or
an industrially related {nonhealth; non-
business, or nonagriculture) technology.!
But the definitional distinction associated
with technician-technologist training is
routinely ignored by industrial employers.
For example, technologists are often classi-
fied as engineers. To blir the distinction
further, associate degree technician graduates
can easily continue their e’ducati'o'n in
However it is Very dlfflcult for techn|c|ans
to transfer to engineeting ciirticiila and
receive credit for their past academic work.3
Consequently, there are discontinuities cre-
ated by the educators (or producers) of the
technical workforce that are not observed

by the consumers cf that workforce

A related problem concerns a possxble

mismatch between student enroliments in

technical courses and personnel demand:

Technical educators can often identify areas
of manpower shortage and are often in a
position to sense the aggregate effects and
trends of employers’ demands over a rather
long term. However; student enrollments
rarely reflect these assessments. Most tech-
nical educators agree, for example; that there
are_critical shortages of technicians and
technologists in computer software and
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hardware, digital instrumentation and con-
trol, computer-aided drafting, computer-aided
manufacturing, energy, and environmental
systems. Yet: other educational areas that
have a persistently low demand often enroll
large numbers of students. -

The mismatch of training with jObS means
that American industy uses many engineers
in positions more appropriate for technicians
and technolodists. As a result, many engi-
neers are underutilized by being assigned
duties for which they have had little training
or education. Thls, in turn, affects morale;
productnvrty and turnover A short -term

challenge, in a nutshell; is to set engineers

free from such tasks. The pemster‘ce of

tnese practtces on the part ¢f American in-

dustry seems to be due to three factors:

insafficient knowledge of the capabilities of

technical personnel; the inertia of past
personnel practices; and the growth {plus
inevitable vanability} in technology educa-
tion itself.

The costs for provndmg sucl" educatron
continue to escalate. The 2- and 4-year
institutions that train technicians today
must cope with severe constraints on their
ability (a) to attract and retain quality faculty,
and (b) to purchase new equipment. Tech-
nology faculty need to be familiar with the
latest industrial technigues; therefore, they
need ongdoing industnal experience. Indi-
viduals with such skills are reluctant to leave
industry to go into ediication full-time where
salary levels are low And many educational
institutions do not differentiate in teacher

salaries between high-demand and low-

demand technical fields:

Faculty for techmcran education programs

have masters degrees typically in education

or engineering; or an equivalent bachelor's

degree and licensure: But neither engineer-

ing nor education master’s degree work
advances the knowledge of the teacher in

athe technology in which she/he must teach.
Likewise; the few master’s degree programs
in technology are teaching programs rather
than technology programs.*

Because technology education is at least
as; if not more; equipment-intensive than is
science or ehgiheeﬁhg education, the 'W'ide’
much existing equipment obsolete and, re-
placement equipment very expensive. Few,
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if any, educational institutions seein to have
enoudh money to devote to the training of
faculty, the development of instructional
matenals, or the purchase of ‘new equip-
ment. Whereas engineering education leads
in the faculty shortage crisis, technology
édUCétidh is. ﬁ‘ibét éfféttéd by tl"ié éqiilp
to become productive practitioners imme-
diately iipon graduation, they need to leam
how to operate state- of-the-art industrial
equipment.

If technology educational lnStItUthnS are
not able to afford modern equipment and

tralmng of facultyran educattonal system

that should lead the Nation's technology

is apt to fall behind prevailing practice in

industry. Indeed, industry is compelled to
institute extensive on-the-job (re)training
programs; diverting talented individuals
{both the industnial trainer and the company
neophyte) from the productive work they
could otherwise do. Thus, the financial
cohstraihts felt ih the training capacity of
reachlng effects, contnbuttng both to the
underemployment and “worker-readiness”™
problems and, ultimately, to lags in company,
industry, and national productivity.

THe piesent tendency to miisiise bo‘h eng1
neers and technicians could also affect
productivity. Inasmuch as engineers in the
United States are rio longer educated for
the shop (now the province of the “crafts-
man"), the industrial plant, or the l‘boratory
it is technicians and technologlsts who must
do thls work: Yet, at present; far fewer tech-

nicians and tech nologlsts are graduated than

engineers: With the advent of the “high

technologies”-~which typically involve

electronics and computers in their 1mple

mentation—industry must recognize who is
trained to do this work; and then title and
utilize these personnei accordingly. The
effectiveness. with which this is done has
implications for the larger issues of produc-
tivity and technological competitiveness.

Trends and Developmerits
Technical Manpower Statistics
Planning ediicational programs that pre-

pare individuals to enter specific niches in
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the workforce requiires reliable statistical
information and projections. To the extent
that statistical information and corresponding
occupatlonal definitions are lacklng, human
and economic resources are inefficiently

expended and the needs of individuals and

employers ahke are not met.

Depending upon the sources of the sta-

tistics; and there are many, information on

specific occupations varies g'eatly Tradn-

tional professional personnel, such as sci-

entists; engineers; accountants; and architects;

and easily identified craft occupations; such
as barbers; machinists; and carpenters; tend
to be accurately counted. The less under-
stood and inconsistently defined occupations,
such_as technicians; receive short shrift;
usually in the form of gross statistical aggre-
gation or partial coverage. A review of Fed-
eral statistical sources (Department of Labor,
Departirient of Commerce; and the National
Scienice Foundation) and commercial and
professiona! research publications {Con-
ference Board's Help Wanted Index, Scien-
tific Manpower Coimmission, American
Assodiation of Engineering Societies [AAES]
and National Society of Professional Engi-

neers [NSPE]) yields the concliision that

there is a national dearth of information

on engineering technology and that what is
available generally lacks the detail neces-

— of educalional and career planning. employers W

Nevertheless, some general trends, by

degree level and curriculum category, can
be discerned. For example; the Department
of Educatlon reports that for the 10- -year
number of associate ,degrees (at least 2 but
less than 4 years of postsecondary work)
conferred showed the largest numerical
increase among all levels of degrees. The
largest increases also occurred in science- and
engineering-related occupational cumiculum
categories, with woimien experiencing greater
categoricrl gains in the percentage earning
associate degrees m technologlcal areas

average of six times mmore associate degrees
than 4-year institutions over the decade, the

1979-80 ratio being 350,000 to 60,000.
Pubhc institutions conferred 85 percent
of these associate degrees 5

The miost recent, and disaggregated, profile

of associate degree conferrals is presented

in Table 1. It summarizes occupational cur-
riculum totals divided first by “science- and
engineering-related” vs. “nonscience- and
nonengdineering-related™ categories; and
then by technological area within each. These
areas are shown by sex and curriculum type
to illustrate the current supplyside configura-
tion as We entered the 1980s. Note that
the “miechanical “and engineering tech:
nologles area is second onli- to “health
services and paramedlcal technologles

tota! associate degrees awarded and fnrst in
awards based on 1-2 year cumcula

Demand statistics are more difficiilt to

find. Operational definitions of the many

types of engineering technologlsts are still

not widely available and hence preclude

sufficiently large numbers of emplopers from

incorporating the title “engineering technol-

ogist” into their manpower plans: Estimates'

of the technician workforce—engineering
and science technicians are treated as cate-
gorically the same-—hover around 1 million:

A 1980 Bureau of Labor StatlSthS (BLS)

Qf 600 OOO‘? while a more recent Uccupa-
tional Employment Statistics projection
matrix lists the same category of the work-
force as totaling 1.25 million in 1980. About
80 percent worked in private industry. And
thhm the manufactunng sector the principal

chiemical, machmery, and aerospace mdus-
tries: The Federal Governiment ermiployed
approxtmately 100,000 techmmans in 1981,

with the largest number located in the

Department of Defense.

According to a joint 1980 National Sci-

ence Foundation/Department of Education

report,” the dzriiand for technicians, tech-

nologists engineers, and scientists will

remain strong through the 1980s. There

mll be over 30 percent more new jObS in

those fields during the decade: A 1981 Sci-

eniific Manpower Commission report® pegs

the demand at 375,000 new jobs for engi-

neering and science technicians and places

the overall growth Tate at 38 percent from ™

1978 to 1990. The employment outlook is
uniformly excellent; as summarized in Table 2:

The lack of a specific category for tech-
nologists suggests that they are included in
unknown proportions in the engineer and
technician data. However, by deriving the
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Table 1

Associate Degrees and Other Awards Based on Occupatlonal Cumculums, by

Awards based on organized occupational curriculums of—

At least 2 years but less

At least 1 year but less

__All awards than 4 years than 2 years
Curnculum Total Men Women Total Men Wormen Total Men Women
Occupational cur- o S
ficalums:total .1:o. .. 353.333158.647 194.686 278555 127,191151.364 74.778 31456 43.322
. Science- and engi~
neering-related R
curticulums ......... 193532 96,510 97.022 144.703 709548 73.755 48.829 25562 23 o7
A. Data processing o [ o
_ technologies ... ... 15.147 7525 7622 12560 6616 5944 2.587 909 18678
B. Health services
and paramedical o S
techiologies :::; 86:647 10:322 76:325 66452 8222 58230 20.195 2100 18095
C. Natural science o S
‘echniologies ©::::: 19214 11536 7678 14431 8743 5688 4783 2793 1990
D). Mechanical and
en’gi'n’ee'ri'ng . . Ll e
technologies . . .... 72524 67.127 5397 51260 47367 3893 21264 19760 1504
ll. Nonscience- and
nonengineering-related s
curniculums ......... 159.801 62.137 97664 133852 56243 77.609 25949 5894 20.055
A. Business and com-: L
mercetechnologies 124485 44512 79973 102557 30.591 61.966 21928 3921 18.007
B. Public service: B S el S
related technologies 35316 17.625 17691 31295 15652 15643 4021 1973 2048

Source: U.S. Depariment of Education. National Center for Education Statistics. Digest of Education Statistics.

1982, Table 123 (adapted).
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projected average annual growth in the
technician labor force from Table 2, under
Low Trend and High Trend Il (conservative
¢conomic optimism) assumptions. and com-

paring the supply of graduates from Accredi-
tation Board for Engineering and Tech-

nology (ABET)-accredited programis, an
indication of how demarnd is being met can
be inferred. There appears to be & consid-

erable undersupply of technology madnates
biit the data include neither Bachelor of
Science in Engineering Technology (BSET)

nor any industral technology degree statis-

C-tics, a total of miore than 19,000 additional

technology degrees When these are con-

sidered. the AAES-estimated shortfall of

16.000-20. 000 disappears:® This suggests

that there is an ample supply of technology

manpower to cope with demand. It also

leaves the supply from all nonaccredited
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schools not 1ncluded iri the AAES estimates

to compensate for elasticity, deaths. and

ro"rements of the technicians and technol-

ogists who move mto jobs that are mistakenly

counted in the * ‘engineer” category.

The statistics indicate that any expansion

of technology education programs should

be very carefully evaluated, not only on the

basis of national projections; but on the

assessed needs of the geographlc servxce

data may suggest ,that a near balanice of
techniciap supply-demand exists, needs for
more individuals .with certain techknical
specialties in specific geographic areas can
also exist to. justify new or expanded tech:
nical programs, Clearly, a major obstacle to
educational planning is the very limited
breakout of technical specialties reported
in national statistics. This underscores the

.
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Table 2
Labor Force Projections for Engineers and Technicians (1978-1990)

Employment{in thousands) 1978
- Technician/
- 1978 o 19%0 1990 1990 Engineer
Occupation tow Trend  High Trend High Trend Il Ratios
AllEngineers ................ 1.071 1.504 1.624 1.531 ——
Aero-Astronautical . .. ...... 57 98 104 100 _—
Chemical (1 ............. 53 68 73 70 ——
Civil oo 149 208 218 211 _
Electrical - . : o000l 291 441 479 48 | —
Industrial ................. 109 146 159 148 —_—
Mechanical (2. ii0000000 199 274 300 279 JE—

All Engineering & Science o
Technicians . ................ 1.160 1,577 1.700 1.609 1.08
Drafters .. ................ 293 412 446 419 —
Electrical & Electronics .. ... 319 464 512 478 1.10
Industrial ................. 31 a0 44 41 028
Mechanical ............... 45 61 67 62 023
Surveyors ................ 54 7375 - 76 _ 036

Souice: Seieritific Maripower Cormimission, Ortober 1981,

need to consider an educational institution’s  become formidable: One language that is
geographic service area in the planning of  understood by both industry representatives

technician training programs.. and technical educators is a job task state-
o . ment inventory for each technical field.
Institutional Actors and Roles Despite the investment of considerable
Several institutional actors have alreadl ‘ederal tunds.in computerized Job tasi
Several Institational actors have alreaty banks intended to serve occupational edu-

of educating and employing the technical CO T T BRI TeRTLAn QU Aok
worklorce. Foremost, thass include educg.  Statements existed for any field as late as
tional institutions and industrial employers, ~ 12/0- Since such statements are crifical to
Undetlying their effectiveness; however, are ~ mPlementing a job-related, individualized;
the linkages and barriers that affect career ~ COMPUtergenerated and computer-scored
choice. attracting and. repelling individuals ertificalion exarnination system, ihe Insti-
from occupational niches they are more or  Lute for the Certification of Engineering
e oo e D RS TR 98 TONE 9T Technicians (ICET) indertook in 1976 to
less trained to fill. The matching of trained S Ve TR e R ST
M create job task inveritories for the many
talents to jobs_goes well beyond national P A e
R e JTEm S TR e e fields of engineering technology. These job
supply-demand statistics to changing well- o A A
entrenched perceptions and practices fask inveritorfes proved fo be an effective
e 77[3 o f 7 language fOT communicating Wwith many dif-
The Industrial Cosmection: In his book ferent employers, examination committees,
, ployers, examinatio

on occupational education and industry.!!  Government officials, educators, and ergi-
the late Samuel M: Burt cited “confusion neers. They also appear effective as career

on the part of industry concerning how to _ guidance tools. B

Aruitoxt provided by Eic:

work effectively with the schools” and “dis- Similarly, job descriptions reflect em-

illusionment on the part of industry..to  ployers’ decisions in structuring specific
establish effective relationships with edu-  positions: These positions often differ from
cators” as major obstacles to responsive  employer to employer because of firm size,
occupational education programs. In tech-  type of business. capabilities of employees,

nology education, those obstacles have  and other factors. Therefore; managemcziit
67 - 53
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decisions are made to accomplish a mission
utilizing particular manpower configurations.
As a result, employers tend to assign dif-
ferent duties to persons with the same tech-
nical background. :

These differences are especnally rictice-
able in descriptions used by Government
agencies and private firms as opposed to
military organizations. The mismatch of edu:
cational requirements for job assignments
is due largely to timme constrdints in the
mlhtary training program and the narrow
job tasks assocxated with most mlhtary tech-
nician assignments. But the mismatch can
be identified and managed by utlhzmg a
matrix of courses by job tasks. Some of the
job tasks and courses, of necessxty need to

be broken down to fit the military system;,

but a considerable portion of the require-

ments tums out to be common to the military

and civilian sector; thereby creating new

opportunities for military-civilian educa-
tional cooperation:

Industry also responds to its training needs
by developing materials on specialized topics.
Aside from those-of a proprietary nature,
these materials can be made available to
technology schools. Contemporary technical
educators, pressed by the rapid expansion
of technological knowledge, must realize
that an entire field of technology cannot be
imparted to students in 2 years. In any tech-

_ Even using a job task inventory; however;
the technical educator should obtain em-
ployer input throughout the service area.

With-ever-shrinking school resources, edu-.

cators have neither the time nor funds to
design_and implement cost-effective pro-
grams by themselves. The alternative is mis-
aligned technical education programs,
unrecognized employer potential, and the
lost opportunity to bring employers and
practicing engineers, technologists, and
technicians into curriculum design and the
teaching process per se.

Career Chonce. Where does the techmcal
workforce originate? Early educational ex-

periences ahd aspirations initiate a process

that results in ““career choice:” This decision

is a subjective response to the cumulative

social images and pressures that family,

friends; teachers; and others bring to bear:
These “others” are often professional organi-
zations. For example; guidance materials for
engineering and technology are produced
by the National Executive Committee on
Guidance (NECG) on behalf of the engi-
neering profession. NECG includes repre-
sentatives of NSPE; ABET; and the American
Society for Engineering Education (ASEE).
Millions of booklets and brochures have
been distributed to secondary schools
throughout the United States. Exhibits are

——nological-fieldthe-rich-varationsinjob——displayed-at-the-annual-conferences-of-the

taﬁké di}éréhédbw thé 'm'eage'r Séiﬁ]:ilihg
engineering teumology, for exemple, in-
cludes highway design, coristriiction, miate-
nals testing, surveying, traffic engineering,
buildings, structures, water systems, rail sys-
terrs. wastewater systems, envnronmental
protection, safety, dams, waterways, and
ports. Beyond an underlymg core, the
educator is confronted with an array of
alternatives from which she/he must select a

major part of the instructional program: At

the point of specialization, employer input

of specif c job tasks can assist the educator

in making critical choices of camiculum and

National Science Teachers Association and
the American Personiel and Guidance
Association. Films and slide shows are
made available, and Kits for presentations
by engineers are sold for a nominal sum.

In addition, NECG provides input to literally -

hundreds of commiercial guidarice publica*
tions that include engineering and tech-
nnlogy But marny guidance counselors knocc

'httle about career opportumtles in engi-

neering technology: And much of what they

do know seems to be outdated or derived

mainly from media comments and portrayals:

Perhaps the chief problem confronting

technical education as a career choice is
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course content for the school's geograpﬁc

service area: Once the choices are made
for required and optional content; industry-
produced training materials can contribute
to the guality and relevance of the program.

54

the” general iack' of cin&!erétandmg of “the

students identify the Baccalaureate degree
as the key to success in life. Compounding
this are salary surveys that consistently con-
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degrees, Little ls ,pubhcrzed concerning jOb
satisfaction, working conditions, and outlets
for creativity—all of which do not auito-
'm'atic'a'lly follow receipt of a 4'9é'a’r dégréé

technical education is but a start in one s
career course. Cooperative prograrms provide
experiences that familiarize students with
actual work conditions, practices, equipiment,

and problems This facilitates the transition

from school to work and gives the studerit a

chance to rectify shortcomings in his/her

nreparation. Despite the operating expense,
cooperative education experiences receive
almost universal praise from students and
employe s:

When one considers that technology and

its career opportunities are constantly ex-

panding; increased support; especially from
busnness and lndustry should be forthcomlng

the techmcal workforce. The forms of this
stipport and cooperation are explored next
as policy ations.

In this conicluding section, several specific
policy options are proposed. Each is dis-
cussed with reference to one of the four
institutional actors introdiiced above—
professional associations, industry, ediica-
tional instituticns, and Govemment——who

are seen as the loci of initiatives for fostering,

coordinating; and rmplementmg action

among the producers and ernpioyers of the

technical workforce:

Professional Associations

Because engineering-based associations are
most sensitivi: to trends and needs cccurrit g
in technician,technology training; thay are
in a key position to inform, debate. and
exert policy pre+sures on both tha educators
a'h”d the é'rﬁpldg;a'ré 'o'f thé té'cn'n'i'rél wo'rk
lles,,m the collectior, analg.rsls. a,nd,dlssem-
ination of manpower Statistics. Building un
the efforts of tlie National Society of Pro-
fessional Engineers and the Engineering

Manpower Commxssnon to monltor the

calaureate, and master's degrees, profes-
sional associations_should act as information
clearinghouses. They can focus attention
on industry needs; especially sectoral and
geographic differences in opportunities for

“technician/technology specialties. Devel-

oping data through employment surveys
on supply and demand is an immediate need;
augmented job task inventories would clarify;
over the long term, job titles and descriptions;
prerequisite skills, and career paths.

A coritinuing furiction, too, is the provi:
sion of guidance information about technical
careers. Professional associations recognize
that the maintenance of technical skill is as
much a problem as maintenance of equip-
ment. As products become obsolete, so

does the workforce that desngns makes

sells; installs; tests; and services those prod-

ucts. Thus; as production changes, so miist

state-of-the-art technical tralning. Accredi-

tation exerts influence here, as do profes-

sional associations: But they can do more,

namely, by acting as a broker between the

principal institutional actors to bridge gaps

and identify strategic points of articulation:;

Industry

Industry should invest boldly in underwriting
technical education—especially equipment;
time-shared personnel, and cognitive inputs
to curricuila. They would be doing this for
their own gcod. For only by blurring further
the ¢stinction Letween education as pursuit-
of-degree and training as on-thejob work
e‘q"ribncc v;a'll in"d'u's’t'r'y spare itéelf the later

.aenhﬁes a semce area in which educational

institations are willing to engage in coop-

erative internship programs. Inasmuch as

{aculty shortages; equipment detertoratlon

and crowded facilities are common today

in technology schools sach tndustry initiatives

Industrial subsidy of techn|c1anf echnology

trainirig_could _emulate the ‘academic-

industrial” model occurring in bioengineering
and microelecironics.!? High-technology
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corporate sponsors are donating equipment;
providing matclilrig funds: sharing laBora

faculty. and contnbutmg student fellowshnps .

and loans. These are innovations that are
becoming necessities. They cany induce-
ments of cost-effectiveness and rejuvenation
of personnel. while redefining the boundaries
separating institutional actors. Given eco-
nomic realities and the rockets of successtul
cooperation between education and industry
throughout the United States, the earlier
and more Salient introduction of industry to
the training process looms as a basic remedy.

Educational Institutions
The reclprocal role that educatlonal nnstl-
tutions should play if mdustry initiatives are

to succeed should be obvious: If such rela-
tlonshlps are seen as partnierships; with

industry supplying most of the financial

capital and education most of the human

capital: everybody profits:

Technology education is still largely
dependent upon engineering school grad-
nates for its teachers: The limited number
of baccalaureate {8:469) and master's {30)
degrees in technology in 1981!3 severely
restricts the pool of potential instructors for
technology schools. Industry represents
a source of skilled part-time faculty. In addi-
tion. active industrial advisory committees
should become an essential element of every
technician curriculum. Institutions offering
technology curricula need to have the
capability of revising, updating, initiating, or
phasing out programs. TheA'ccreditatioh
Board for Engineering and Techniology
contributes to this review process. Yet, at
present obsolete curncula contmue for
1nstltutxonal procedures promote conserva-
tism. lnstltutlonal response time can often
be cut by using computers and instructional

modules in the educational approach and

by creating departments where emerging

technologies can be tried with experimental

carricala; cooperatlve education; and even

temporary faculties.
Finally. good students are attracted to
careers that afford opportunities for advance-

ment. To ensure a supply of quality associate
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degree technicians:; it is therefore advisable
that 2-year programs articulate with 4-year
baccalaureate technology programs. About
20 percent of the associate degree graduates
go on to advanced technology degrees.
About 50 percent will seek to advance their
education at some time later in their careers.
This “career ladder” could be reinforced by
formal agreements between associate degree
and bachelor degree institutions. {In state
university systems, unfortunately, this has
been difficult to achieve.) The career ladder
begins in high school with vocational edu-
cation tracks. Here, the math and scierice
Cdl‘itéht fﬁUSt ihCYééSé e} thét graduates bf
thelr asplratlons upon graduatlon from high
school and enter a techrician program in a
high-technology field. In sum, the evidence
that students enter vocational programs
pnmanly because of percenved job statas

and intrinsic interest; and not because of

academic ability.* should be heeded by

technology educators:

Govemment
The Federal Government has an interest in
the development of the technical workforce
for the defense and productivity of the
Nation. Indeed. Washington should maintain
those programs that contain incentives for
cooperative funding involving nongovern-
ment actors. One way is through small
matching fund grants that could be made
ai)ailablé for ii‘istrUCtiohal lab'o'ra't'o'r'y édUlp'
prov1ded by erther lndustry, apnyate foun-
dation, or the educational institution, given
that the technology program is being con-
sistently supported by institutional capital
equipiient funds. That way, the new funds
can make a srgmflcant difference.

Perhaps the greatest short-term assistance

that the l-ederal Government can offer is

the disseminatin of guxdance mformatlon

on technician/technologist careers Wlthll‘l

the Federal Government itself: Civil service

classifications for technicians and tech-
nologists should be refined in such sources
as The Dictionaly of Occupationdl Ttles

“advertised.”
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of the engmeenng education crisis resulted
in srjeciél éjjijrbijﬁatidhs in 'e&eé's: of $40
pay 1ncreases were dpproved and imple.
mented for engineentig faculty members—
an achievement Tong believed to be unat-
tainable. Unfortunately, technicicns and
technologists haive not achieved a similar
level of organization i engeiidering aid to
thelr type of ediicatiof: *> I+ State university
systems, it is difficuit to convey the equip-
ment, stafflng and pei-stisdent instruction
costs to leglslatures aiid boards of regents
dommated by a “liberal arts™ or. conversely,

a "Proposition 13" menrahty

There are several specific actions that State

and local govemments shculd consider. First,

they could earmark more educational funds

for instructional equipment in technology.

These funds could then be awarded to

“technology departments as line items in the

budget for equipment or made available for
State equipment grants in response to
solicited proposals. Second. State boards
should monitor institutional responsiveness
to the rapid changes inherent in technical
education. Curriculum innovation should
be encouraged, especially in those institu-
tionis that regulatly underdo periodic extemal
(ABET) accreditation review by specialists.
The awarding of Associate in Arts (AA)
degrees in technology by vo-tech schools
will intensify competition among accredited
and State-funded 4-year technology institu-
tions already laboring under severely strained
budgets. Third, State boards should also
encourage articulation between hlgh school
vocational programs and htgher education
technology programs. A career ladder

approach to developing a hlghly quahfled

technical workforce should be exploited.

High school vocational programs should

provide the option of entry into college

technical programs: Associate degree pro-

grams should not prevent Qraduates from

baccalaureate degree programs in tech-
nology. Graduate programs in technology;

as opposed to engineering or education;

should be carefully nurtured to provide a
stream of faculty for technology programs
at levels commensurate with local and

regional industrial needs.

Policy Conclusions

State agericies. in concert with natlonal
professwhal associations and their local
chapters can act as i:atalysts to faclhtate

interaction among all mstltutlonal actors on

topics of mutual interest: educational pro-,

grams_employer nieeds: ocrupational titles:

faculty qualifications: and equipment needs:

Throrigh such interaction: the training and

utilization of engineering technicians and

technolegists will be fully appreciated as a

pelicy issun distinct from: but 1ntegrairly
related to. the productivity of science and
engineering inanpower in the United States.
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- Abstract

As part of a broad effort to stem the outflow of U-S: technology to the Nation's military

adversaries and to maintain our technological lead, the Government appears increasingly
willing to restrict the dissemination of scientific research information to foreign nationals
at scientific conferences, in American classrooms and laboratories; and through publication.
The research community, both academic and industrial; has expressed serious coricern
about the substance and procedures of those restrictions; about recent enforcement
practices, and about the process by which the rules of the game are established:! -

~ The issues posed are difficult and complex; and their resolution requires a clearer
definition of our national security objectives. It also requires a clearer understanding of
whethier the various controls now in use or under consideration will be effeciive in prevent-

iag ? %ie in Armierica’s techiological lead over the Soviet Union and can be administered
wrthuut imposing unacceptable economic, administrative, scientific; or political costs on
American society. It is likely that broadly drafted rules of general applicability will generate
more serious problems than those that can be refined on a case:by-case basis, tailored to

the particular setting and thie particular techiiclogy. More specifically, it appears that export
controls on scientific information are niot likely to be cost-effective. Although somewhat
greater use of the Government's authonity to classify Government-owned or Government-
controlled information or to deny foreigners access to the United States might be appro-
priate; it appears that enhanced dialogue between the Government and the scientific

‘community and increased reliance on contractual restrictions in federally sponsored

research offer the greatest promise of success.

Introduction information for national secuity reasons have
o existed for many years. Classification and
Advanced technology underpins the Nation's restrictions on the export of techhical data

military strategy and its economic strength.  have been well-established featiires of
C ur miltary strategy depends on maintaining  American society since World War IL Such
technological superiority to counter the controls, however, were traditionally applied

quantitative superiority of the Warsaw Pact o a very narrow range of scientific informa-

nations; our trade position; heavily reliant  tion: Four interrelated developments have

on the export or domestic purchase of goods  both spurred efforts to apply controls more
and services involving sophisticated tech- broadly and made it more likely that such

nology, depends on maintaining a tech-  controls will seriously affect American science
nological advantage over current and  and technologg.
potential commercial competitors. Both First; Amenica’s relative strength compared

depend primarily on creative scientific to that of its allies and of its adversaries has
research and continuing technological changed substantially. In the early postwar
innovation and leadership. But both also period, the United States, undamaged by
depend on denying, or delayjing the transfer the war, had both an overwhelming com-
of, some of that new scienice-and techriology mercial advantage and a _parallel techno-
to certain users and for certain plirposes. logical advantage resulting from the wartime
Because rapid scientific and 'echnological effort within the United States and the inflow

progress flourishes best in an open environ-  of talented scientists who had fled Hitler's
ment; there is a constant in-built tension  Europe. That economic and military position
between creation and suppression. has eroded. Where once a unilateral U.S.

Laws and regulations restricting the dis-  decision to withhold goods ur techniologies

semination of scientific and technological ~ from the Soviet Union might have been
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effective, today the successful imposition of
national securnity controls requires the coop-
eration of our allies, principally through the
Coordinating Committee (COCOM). Sim-
ilarly. where three decades ago American
science and téCl"ihdl@Qy were Supreme and
substantially self-sufficient, todai Amencan
science, technology and mdustry frequently
power—of other nationis. This relative ero-
sion of American power and an accompany-
ing perception of vulierabiiity seems to have
increased the Natton 5 urge to control even
as its ability to do so unilaterally declined.
Second. technology export is more fre-
quently perceived as an lmponant contributor
to America's mlhtary and commercial vul-

nerablllty The Government is increasingly

coricerned that purchased or stolen American

technology is an important component of
Soviet military strength: Large segments of
American society believe that unwise tech-
nology exports have accelerated commercial
eaﬁ«héﬁﬁan both ﬁ*cs'm' industi'ializéd nations
advanced develo_')lng,nauon such & Tahwan
and South Korea. Those who advocate
stricter national secunty contrcls may make
common cause with those whose principal
concerns are commarcial, théreby blurring
the important disrinciions between the two
sets of concerns.

l'hrrd as pressures to control 1nformanon

unlver51ty based research in pamcular would
not be controlled except in the most unusual
circumstances. Although all agree that most
unlversrty research raises no natronal secunty

concerns, many universities are riow per-

ceived as doing the kind of applied research

once found only in commercial < govern-

mental laboratories; and even basic research
is more likely to be seen as having near-
term applicebility: Recent acceleratior of
industry/university cooperation in.a number
of fields; important to continued technological
advance; contributes to this perception. If
university research resembles other research,
there is a strong argument that it should be
similarly controlled.

The last major development, closaly related
to the weakening of American technological
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supremacy, is the increasingly international
fzce of science and of the American research
community and the heightened role of the
multinational comporation. Over 40 percent
of all citations found in U.S. journals are to
foreign publications, and large numbers of
collaborative research projects cut across
national boundaries.?2 The American campus
i§ similarly international. In some fields,
almost hal‘ of all do*'ct'ora'tes' are awa’rded to
|mmlgrant status and work in either academia
or industry. The R&D effotts of many cor-
porations reflect both the increasing multi-
nationalization of corporate activities and
the mterr‘atlonal complexion of recent
degree recrplents

The Nation's military and commercial

posttron will continue to be challenged in

the years ahead. Concern about the loss of

scientific and technical information is there-
fore also likely to persist: Such concern;
kowever: does not lead to a single; obvious
policy solution. The dissemination of scientific
ard technical information occurs in 2 multi-
tude of ways ranging from espionage to
publicaiion in the open literature, intrafirm
discussions, patent applications, or scientific
conferences: a single form of control is
unliRely to be equally effective for all types
of dissemination. Although building for
several years, the current debate about the
control of scientific information was thrown
into sharper perspective by application of
export controls to scientific conferenices, aiid
much of the debate since has focused on
export controls. There are. however, a
number of other mechamsms that have been
or can be used wrth greater or lesser effec-
trveness to stem technology outflow. This

paper reviews both export controls and those

other mechanisms. First; however, it examines

seme of the specific reasors: oegond the

developments outlined above: why Goven:-
ment and the scientific community are
concerned and asks some fundainental
questions about what technology needs to
be controlled.

Trends and Developments

The questlon of whether increased Govent-
mental restrictions are newded or acceptable
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must be judged in light of the threat to

American security and to American society.
In judging the threat, it should be remem:-

bered that while the Soviet Unioni has
undoubtedly acquired much advant:ed

American technology: almost all has come

through normal commercial channels. diver-

sion from leyal sales; or espionage: Little

has come from normal scientific communi-
cation.” The Government: however: worries
that the improper dissemination of certain
state-of-the-art scientific research; even if
occurring rarely. could seriously damage the
Nation's military position. Beyond that; many
in the Government fear that in the future
thie Soviets will more consciously exploit the

openness of the research environment to

acquire advancod technology.?

Just as the Government womes about
the future as well as the present. so too
does the scientific community. So far. the
export control laws have had only limited

impact on the research ‘commiinity: the

present regulations provide considerable

latitude for most exchanges of information

with countries other than the Soviet Union

and its allies: and they have only occasionally

been applied to scientific activity. A greater

impact. however. appears to be in the offing
for_at least two reasons:

First. researchers are becoming increasingly

aware that a potentially controlled “export”

takes place when they discuss their research

with foreign cclleagues here or abroad: mail
an unpublished paper to a foretgn scientist;
present a paper at a symposium with inter-
national participation, or hire foreign graduate
students to work on an advanced research
project. Siich awarene.s enhances the like-
lihood of compliance and therefore of affect-
ing research. Additionally, recent increases
in the number of foreign graduate students,
faculty, and reseatchers un American cam-
puses of course mean that tha wxport rules
apply more frpquently

Second, controls may in fict be tightened.

Sornie see this as having hapoened already,

pointing to enhanced enforcenierit of existing

export control laws and last winter's well-

pubhmzed but per‘taps mlslnterpreted revi-

sion of the Executive Order on national
secunity classification. Others simply forecast

greater restrictiveness, citing the suggestion

of the then Deputy Director of the Cenitral

lhtélligéhté Agéhcy thét b"r'ciéd prepublication
mgnt 5 vtsnble dtfftculty mﬁnaﬁrrowmg and
refining the scope of the Defense Depart-
ment’s Militarily Critical Technologies List
(which will be the core of the Nation's control
systeih in the yéars ahead) is also a sign of

Unicertainity about the present and the
future begets WOITY. The absence of specifics
also hampers rational debate. Although the
recent report of the National Academy of
Sciences (see reference 1) greatly enhances
the likelihood of useful ard collaborative

discussion among the Govemmient, industry,

and academia: it is ot yet clear how the

Government will answer several questions

and how it will reconcile competing interests.

Answered

Export controls on scientific information are
currently the main_ focus of attention. To
clarify their applicability or to assess alternative
mechanisms, the Govemment must address
four fundamental substantive questions: How
should “‘national security” be defined? What
destinations call for controls? What tech-
nologies will be controlled? And, what forms
of exchange require control? It should also
address the procedural question of how the
rules of the garne are adopted or modified.

Defining “National Security”

If national security controls are to be

bounded: “national secunty“ must be defined.

It is. unfortunately; an elusive term, used in

many senses. It can refer to short-term military

strength: it can also refer to the Natxons

long-term strategic, political; and economic

position in world affairs. Current law is

relatively clear that “‘national security con-
trols,” in contrast to foreign policy controls;
are to focus on those exports that contnbute
adyersanes That, however,,does not entirely
delimit the re:ach of national security controls.
Soviet military strength, like that of the West,
depends on both a military establishment
and an underlying industrial economy. Ex-
ports that bolster t'2 Soviet economy there-
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fore enbance Soviet miliary capabilty in
the long term:. It is widely believed. however.

that controls focused on long-term Soviet
economic strength are likely to be neither

successful nor cost-effective’ and that national
security controls should therefore concentrate
on short-term military consequences. How-
ever: even if one accepis this short-term
military focus. there is, as will be discussed
below. the further practical difficulty of
delineating those civilian goods and tech-
nologies that are militarily relevant in the
short term from those that are not.

Scientific exchange and technology transfer
within the non-Communist world are largely
tincontrolled unless they involve military or
nuclear goods or data. or classified mfor
miation. Under the International Traffic in

Arms Regulations (ITAR), military goods and

dlrectly associated technical data as well as

all classrfled information to all foreign desti-

nations are strictly controlled; exports to most

Cornmumst -controlled nations are forbidden
entirely. However, only a relatively small

percentage of U.S. exports; and an even

smaller percentage of exported scientific
inforination:; falls within the scope of these
controls. Export of most U.S. goods and
technical data is controlled instead under
the Export Administration Regulations (EAR).
Under these regulations, national security
controls seriously restrict technology exports
only to the Soviet Union. Eastern Europe
{ercluding Yugosiavia), the People’s Republic
of China. and a group of smaller nations
(including Laos, North Korea, Vietnam,
Kampuchaa, and Cuba) Although goods
and technology that are controlled for export
to Comimunist nations are zlso controllzd
to non-Communist destmabnns controls on

stich non- C,ommumst destii* itions are gen-

erally desrgneu only to prevent transshrpment

or re-export to Communist nations; not to
prevent the orlgm‘\l export

The vclume of exports to Europe; dapan,

and Third World nations makes any require-

ment of specific Government approval of

each transaction wholly 1mpract|cel Imposing
such a requirement would in practice ban

most exports by making them prohibitively

expensive in time and money. Moreover,
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limitations_on what can be freely shared with
Western Europeans and others in the non-
Communist world without Govemment per-
mission would require far-reaching changes in
the nature of American Society (including
its campuses).

No st :h requirement for specnflc Gov
ernnient approval of all technology exports
exists. THe Export Admiinistration Regulations
provide several mechanisiis that effectively
exempt many transactlons from any requnre
many other transactions from the requnre-
ment of case- by case Govemment approval

All published technical data and most un-

publistied scientific and educational data are

covered by one of the General Licenses

and therefore require no specific Govemment

approval: Technical data that do require
specific Government approval (in the form
of a Validated License) may be eiigible for a
“bulk” license {for example:; a Project License)
which can cover multiple transactions. Gen-
eral Licenses effectively exempt most funda-
mental scientific research—and therefore
most academic research—from the need
for specific Federal authorization. General
Licenses together with bulk licenses provide
similar freedom for most corporate exchanges
of scientific research and technological
applications in the non-Commiunist world.
The systern nominally controls almost
everything, but in practice requires specific
licenses of much less, and actuially prohibits
the export of very little. The critical question
for the future is whether technology transfer
within the non-Communist world will remain
SO umestncted It is an important questlon
for at least two reasons. First, the scientific
and technological links among the non-

Communist nations—and particularly among

the lndustnal nations—are far stronger and

ar more central to dap -to-dav scientific and

commercnal activities than technology

transfers with most Communist-controlled

nations: For example; while almost half of

all U.S. engineering doctorates in 1980 were
awarded to nonimmigrant aliens; only .3
percent of those aliens were citizens of the
Soviet Union, Eastem Europe, or the People’s
Republic of China. Industrial employment
experience is presumably similar. Given
current straiiis within COCOM, U.S. attemipts
to control more technology may simply lead
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foes alike.

Second while many Americans have
accepted tlie need for stringent controls
on technology transfer to the Communist
world the imp’o's’iti'ori bf meéhihgﬁil 'co'h'tfcsl's

tions—or West-West transﬁars-—could under:
mine the existing consensus that national
security controls are legitimate and sensible
public policy. Within the United States, such

~ controls on West-West transfers wotild likely

be met with cor@derable skeptncnsm within
other industrialized nations, such controls

mngn'r be bercelved as yet anotlier nontanff

barrier; as crommert:lal policy draped in
national security bunting;

Substantive Scope of Controls

Under the current rules: unpublished tech-

nical information may require Government
export approval either if it is directly related
to an item on the. Commodity Control List
or the Munitions List or if. under Part 379
of the Export Administration Regulations; it
relates directly and. significantly to any
industrial process. All published and other
uripublished technical data are either legally
or practically uncontrolled.

The ciiirent scope of controls on technical
data has been widely criticized, principally
on two counts. First, it is argiied, miuch of
iny margmal natlonal security 1mportance
is controlled and thus neediessly subjected

to cumbersome and expenisive bureaucratic

procedures: Although this is also a problem

for hardware; such overbreadth is particularly

acute for technical data; because Part 379

of the EAR excludes from the most liberal

General License much unpublished technical

data relating to industrial processes regardless

of the national security importance of the

processes. And despite continuing efforts

to rid the control lists of goods or technology
that are widely available abroad: the lists
remain long and complicated:

Second, as all agree, the current scope of
conttrols is simply not well understood: This
is in pait beca.se the technical data regu-
lations—and particularly Part 379 of the
EAR—are almost incomprehensible to the
average reader. More importantly, both the
perception of overcontrol and the fact of

incomprehensibility stem from a lack of

consensus about what should be controlled:

The congressionally mandated Mllxtarlly

Critical Technologies Eist was supposed to

determine the scope of controls: Following

the recommendation of the 1976 Bucy

Report? that controls should focus on tech-

nology and manufacturing know-how rather
than on hardware; the 1979 Export Admin-
istration Act instructed the Defense Depart-
mer: to develop a list of critical technologies
“which, if exported, would permit  significant
advance in a military system” of countries
subject to national security controls. Sub-
sequeiit efforts to construct such a list reflect a
continuing and unresolved tension between
advocates of a very short list of patently
critical technologies and advocates of a much
longer list incliding most modern tech-
nologies that undergird any advanced in-
dustrialized economy. The obstacles to
consensus inclide niot only differing concepts
of national security, but also the natiire of
many advanced dual-use (i.e., civilian and

military) technologies and the difficulties of

reducing general concethal agreement to

regulatory language:

Computers are an example of a dual-use

technology. In the United States, most major
industries—and probably ail militarily sig-

nificant industries—use computer technology
in all aspects of the life cycle of a product:

definition of product reqmrements, devel-
opment and design, production and opera-
tional support. and utilization. Computer-
Aided Industral Process Control {CAIPC)
technology, even when developed for purely
commercial uses; provides a strong mobili-
zation base by permitting the rapid conversion
of industrial capacity from civilian to military
uses Thé 5a’m'e i§ ttiié of CbhijjutéfiAidéd

niques. Both CAIPC and CAM/(,AT 1llush‘ate
the difficulty of drawing the line between
controlled and uncontrolled techriology. First,
both techniques are strategically important,

but both also have broad commercial appli-

cation: much; if not most, of the research

and development related to these techriol-

ognes is being done by the private sector for

its own use: Particularly because American

manufacturing leadershlp may Vdepend on

sophisticated factory automation, efforts to

control the dissemination either of the

63

77



Q

ERIC

Aruitoxt provided by Eic:

technology or of the products embodying it
would have immediate and important trade
consequences.

Beyond that. the Governitient's own use
of these technologies depends in good
measiire on their developimient by the com-
mercial sector. And that developirient de-
pends importantly on university-based
fundamental research in a wide range of

scientific fields (tncludlng dynamlcs stress -

analysis. computer architecture, computa-

tional techniques. and microstructures), where

the lag between basic research and com-

mercial application is likely to be very short.

Restrictions that dlscourage academia from

working with industry in these areas will

therefore have important nationa! security

as well as trade conseqtences:
Translating into regulatory language the
Jimited consensus that does exist about what
should be controlled has also been a problem.
For example, although there is wide agree-
ment that most fundamental research should
not be controlled, defining ‘‘fundamental
research” is difficult. The Export Adminis-
tration Regul “ions speak of scientific and
educational iniormation not “related directly
and significantly to design. production, or
utilization in industiial processes.” Execiitive
Order 12356 on hational secuiity inforiation
speaks merely of “'basic scientific research.”
This implied dlstrnctlon between basic and
-ipplied research is not helpful because
whether 2 given research result is basic or
applled depends both on the purpose of
the research and on the Judgment of the

" observer. If publnshmg genetic definitions of

what is controlled runs into insurmountable

definitional problems, publishing specific

guidance runs head on into the “blueprint

problem:” If Goverrment defines spedifically

the line between fundamental research that
need not be controlled and cther research
that may require controls. that definition
provides a great deal of infcrmation about
American technological capabilities and the
Government’s strategic concems. Publishing it
might therefore give our adversaries a “blue-
print” of those technologies of greatest
importance to the United States and allow
them to ieallocate their own R&D resolirces
into more promising arsas. Deciding what
{échnologies need !5 bz coirtrolied in the
futiire will take time; iranslating thi.t decision
into reguiaticn will be et more diiifcult,

<4

take place?

The fourth questlon asks, What exchanges
of scientific information effectively transfer

technology) Those that do not; need not

be coritrolled. (Of course; noi all effective

transfers should be prohibited even to our

most serious adversary. Most scientiiic ex-

changes work in wo directions: Therefore:

once it is determined that a technology loss

is likely. it is also necessary to judge whether
there will be an offsetting technology gain.
If there will be; the exchange should usually
be permitted.) Ordinary, though perhaps
difficult: observation can establish whether
a given piece of hardware has been trans-
ferred to an adversary It is much harder to
tell when technalogy has been transferred.
Whether technology transfer takes place in
a given situation depends on the nature of
tl‘ie lhfdrthatlbh *he ékill and traihihg bf the
duration of thelr |nteractlon

For some technical 1nformatlon snmple
possession i§ enough. Steal the recipe and
you should be able to produce a reasonable
imitation of Coca-Cola. Although there are
important exceptions, the theft of blueprints
for hardware to be produced abroad is

general'y not the principal national security

concern today. That kind of technological

piracy will usually assure proservation of

American leadtime: precisely the objective

of controls: Similarly; while the simple knowl-

edge that something can be done may

occasicnally be the problem: more usually
the concern today is whether an adversary
will be able tc- apply sophisticated scientific
ane! techinical principles and information to
its own needs and then build further on
them. Occasionally, a casual exchange will
transfer a critical concept or impoitant piece
of information. More frequently it will not.
As the Bucy Report concluded i, 1976 and
as Amenican foreign aid programs learned
through hard é;perience, effective techniology
transfer does not occiir casually or quickly.
Rather, it requives that the ‘giver and the
receiver actively interact with each other over
a sustained penod of time.

Despite wide agreement on this point;

current export control regulanons on technical

data generally do not distinguish “‘exports”

that will transfer technology effectively from
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those that will not. An hour of formal pres-
entation of unpublished research findings
to a small group that includes foreign sci-
enitists or a quiick walk-through of a laboratory
containing advanced comipiiter equipment
are as likely ta fall within the scope of controls
as an intei: e training program. As a result,
specrfic approval is reqiiired for many “ex-
ports” to Communist countries that most
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agree to be harmless. And once within the

scope of controls; there are no clear and

publicly known criteria to guide the Govern-
ment's decision when to approve or disap-

prove a license:
Designing the Rules of the Game

Much of the scientific community’s concern

arises fromits conviction that the Govemment

cannot properly assess the scientific and
educational costs of various kinds of restric-

- tions because of inadequate input from the

é’ciéntiﬁ'c community itself. While it is Qenerally

the Government 5 decnslonmaklng process
on issues of importance, it is particularly
unfortunate when the Govemment must rely
in great measure on voluntary compliance
and cooperation rather than on legal com-
pulslon It is therefore important for the
Government to address the issue of how
the scientific community can most produc-
ti /ely partit:ipate in estabhshlng the system
under which all must live.

In short; there is still no natio—al consensus

about how broadly to definie national secutity:

what destinations require control: how many
technologies should be controlled what kinds

of research;, if any, warrant controls and how

the line between controlled and uncontrolled

is to be drawn; and what kmds of exposure

to American technology are sufficiently

detrimental that restrictions are likely to be

cost-effective. Neither is there a clear mech-
anism for attempting to build that consensus;

even if export eontrols were the, only way to
restrict scienific information. They are not.
At lezast four other control tools have been
used in the past and could be used more in
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the future: national security classrflcatlon

stricter use of the Government's visa authon

ties to deny or set conditions on the admiis-

sion of foreigners; contractual restrictions

for research performed with Federal funding;

and various forms of voluntary self-control.

Without agreement on what a mechanism
should,control, it is hard to_decide what
control mechanism to use. For example;
mechanisms designed to deny the Soviets
a mere handful of technologies may be
grossly inappropriate if the policy is to deny
a larger number of nations a broad range of
techriologies. On the other hand, these
mechanisms have différént Chéracténstits

society. It is difficiilt to kncw what to control
without knowing the costs of controlling it;
and that depends on the mechanism used.
it may be useful, therefore to analyze the

merits and dements of the mechanisms.
Many criteria are re'evant Four clusters,
however, appear to be most important;

(1) Effectiveness. Will the system ac-

curately identify what needs to be controlled,

and will there be sufflt:lent Amerlcan and

COCOM cooperation that it can | be enforced"
Alternatively, if COCOM cooperation is not

likely, will unilateral controls merely isolate

.the United States?

_ {2)_Administrative and Economic Burden.
Can the system be administered without
imposing unacceptable administrative and
economic costs either on the U.S. Govern-
ment or on the American population? €an
the procedures be simplified and the un-
certainty reducad?

(3) Sc:entr]‘c/ﬁchnologrcalCosLs Can
a system be designed that avoids substan-
tial slowitig of scientific or iechnological
progress—whether by compartmentalizing
research into controlled and uncontrolled
areas, by further hindering industry/university
cooperation, or by damaging the intellectual
climate?

(4) Political Values and Consensus. Can
a system be de51gned and enforced that is

generally accepted by the Americzan popu-

lation as a reasonable and legitimate response

tc a shured threat? Will industry and aca-

demia perceive the Govemment—particularly
the nation' ! securiiy cyercies and those
charged with enforcemen! - #¢ un adversary
or as a partner in a «cifalorative effort?
Muting the current adversarial climate will
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require not only public understanding of
the nature of the tiireat, but also public
acceptance that the means adopted are
fawful. predictable in their application and
enforcement. and appropnate to the mag-
nitude of the problem.

~ Clearly. those clusters are related. A systerni
built on domestic political consensus is more
likely to be effective in stemiming techriology
outflow. A consgensiis is easier to build if the
system is seen as ef‘fechve as ad'mnlstratlvely
possxble cosr on other social values. I-'owever
while all four ciusters are importarit and need
to be considered. this discussion emphasizes

the effects on science and technology:

Export Controls

Export controls that reach scientific infor-

mation unrelated to a commercial transaction

or only remotely related to a controlled
Eoﬁrﬁo&lty fare badly when judged in terms
of either effectiveness or political acceptability.
They are too broadly and imprecisely defined
to give Americans a clear understanding of
proscribed conduct; in addition, a number
of COCOM members are unwilling to control
such “disembodied” technology. Further,
because of the complexity and breadth of
the rules. administration is cuinbersorne,
compliance costly in dollars and time, and
enforcement difficult.

While ineffectiveness alone wotld be
enough to urideriiiine @ political corisensis
that cuntrols are valid and legitimiate, the
piobler is exacerbated by the increasingly
widespread beliel that controls on such
“disembodied” techriology are unjustified
infringements of constitutivnally protected
First Amendment rights. Both the Justice

Department and a U.S. Court of Appeals

have raised serious questtons on that issue:

The Justice Department addressed these

issues twice. first in a 1978 Méfﬁorandam
to the Science Advisor? and againin a 1921

Memorandum to the Department of State.

On both occasions; dustice stressed that prior
restraints such as those represented by the
ITAR and EAR licensing systems will be
upheld only upon a governmental showing
of grave danger to the Nation and concluded
that the regulatory scheme under_review

“cast such a broad regulatory net” through

66

a systemn of prior restraint that it was “pre-
sumptively unconstitutional.”” The Ninth
Circuit Court in United States v. Edler
Irdustnes lnc g cnmtnal case, also strongly

would be constttutlonally acceptable only
as long as the data were significantly and
directly related to specific articles on a control
list.

On the other hand, because so much
information is practically uncontrolled for

friost destinations and because enforcement

has been limited, export controls to date

have had little direct imipact on progress in

science and technology: Tighter restrictions

would presumably affect science and tech-

nology much as classification has done {see

below). The more these controls are used:
the less benign their effect.

Class’iﬁ’catiaﬁ
used its cla551ﬁcahon power to cogtrol certaln
kinds of scientific information. The advan-
tages of classifying information are clear.
Although classification requires defining what
needs to be controlled on a case-by-case
basis. the question of to whom is clear. Only
those with a secuirity clearance and a ‘need
to know" may receive classified information.
Denijing inforiation to alitiost everyone is
an effective means of denying it to one’s
adversaries.

Perhaps because the limitations are so

severe, relatively little scientific information

lias been classified. As a result, although
there are serious administrative costs to
working on classified research (as well as

some disputes about what is classified);

those costs are imposed only on a small

segment of the scientific community rather

than on the population at large. The Gov-
ernment's relative self-control in classifying
scientific information. has also created an
aura of legitimacy; which itself encourages
compliance.

Classification’s. effectiveness in denying
information to adversaries is bought at the
price of denying it to nonadversaries—
scientific colleagues, for example. Its effects
on scientific and technological progress are
therefore quite severe,

Classification divides—or Compart~
mentalizes—the Scientific community into
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those with clearance and a need to know

{which frequently includes nationals of the

North Atlantic Treaty Organization and other

fiendly countries) and those without: As
the United States learned from the experi-
ence of atomic eneigy; intellectual exchange
between the two camps is limited: The normal
processes of collegial criticism; of learning
from ihe suc'céssés and failijrés 6f 6ne’s i:ieéfé

Restnchons on pubhcatxon may make work
ing in a classified field less attractive; so it
may be difficult to recruit and retain people
in the areas of greatest national security need.

- The divisive effects of more extensive
classification are likely to be even greater
now than during the early Cold War period,
due to the lingering effects of Vietnam. Many
major American research universities prohibit
classxfxed research on campus. Off-camplis
classified research is detached from main-

stream university activities; student partici-

pation is minimal. These pohcxes are not

likely to change soon. Therefore, those

attracted to academic life will likely avoid

viork in classified areas:;

With classified research 1hus largely con-

fined to industry and Governnient labora-

tories; cluse collaboration between scientists in

industry {who will d¢ glassified research) and

those in_academia {who will not) may be

impeded. if so; lndustry will be decreasmgly

able to rely on the academy to generate
perform nonproprietary research of .nterest
to industry; and to provide greater access
for its researchers to current international
scientific thinking. A parallel result could be
further Separation of academic science from
nationa! security issues. from mission-related
research, and from res2arch of direct rele:

vance to emerging industrial needs, because:

most of the technologies of national security
concern have commercial applications.

The snmphclty clanty and precision of

clessification are its great strengths. Atomic

~ energy information may be “bom classified,”

but in other areas the Government miust

affirmatively and unambxgnouslv decide to

classify information: Even in atomic energy,

disputes over what is classified have been

relatively manageable: These strengths also

engender problems. Unless the Govemment

classifies an entire broad field, like atomic
energy, classiﬁcation decisions are Lm'éh"di'n'g

disseminated, it miust somehow shlft some

of the burden of ldentlfylng potentially

classifiable mformatx'd to thie scienitists who

generate it. That may nct be too difficult for

research perfor'nea in Government labora-

tories: Scientists there are hkely to be aware

of possible national security ramifications of

their researci and; hke sofme lndustnal

researchers, are more willing to accept

publication and other restrictions as condi-
tions of employment.

- However, as the controversy generated
by Executive Order 12356 on national
secunity information attests, identifying poten-
tially: classifiable information will be much
harder for private sector research. First; and
probably most serious; there is the problem
of defining what may require classification:
The term information “relating to the national
secunty” has no self-evident meaning; par-
ticularly for people not in_daily contact with
natidi’ial s’e'c'u'n"y' iééUéé éll ihe Unceﬁﬁi“iiiés
re-ermerge here. becond, people outside
the Governmient and not working on De-
partrient of Defense contracts do not expect
their work to be classified and do not con-
sider classification an otcupational hazard.
r‘repubhcatlon Government review of as
vet unclassified research, especially when

not federally funded, suggests censorship

to many:

Visa Controls
The Federal G6Uemme§i Eai broad bcwers

to bar aliens from entering the United States

or to set conditions on their « stay White the

Government may legally bar an alien to avoid
an undesirable techriology loss; visas are
rarely denied on that ground. Intelligent use
of the visa authonty requires generalized
answers to the questions of what technology
needs to be controlled; to whom; and in
what form. Without them, case-by-case review
of all reqiiests for nonimmigrant visas would
bring the entire procass to a halt. Intelligent
iise also requires more information than is
now typically available for nationals of some
countries. While costly to collect, that same

81 67



———need-not-arise:

Q

ERIC

Aruitoxt provided by Eic:

information is requirad to selectively imiple-
ment any form of control.

Denying a visa usually keeps an alien out
of the United States. But it prevents tech-
nology transfer only if the visit was essential
to an effective transfer. For someotie who
intended to come as a degree candidate or
postdedree résearcher, the denial probably
does prevent transfer. For someone who
would have come for a very short stay, for a
symposium, or to hear a paper delivered
that will soon be published in the professional
literatiire, the denial probably does not bar
transfer (particularly if Americans may freely
convey the sarme information at conferences
and .symposia abroad and there are no

restrictions on domestic publication).

The private sector generally finds visa

denials or restrictions attractive; partlcuiarly

when contrasted with a governmental sug-

gestion that the export control laws make

universities in some way responsible for

ensuring that legally admitted aliens are
denied access to controlled but unclassified
information: Such an interpretation of the
export control laws would require universities
to a"ssnﬁi'e' arole for Whiéh they are tempera-

that of monitoring the activities of the|r
students. researchers, or visiting faculty and
restricting the access of some merely on the
basis of nationality. In contrast, govemmental
use of visa denials requires the Government
to shoulder most of the administrative burden
and avoids conflict with strongly held val-es.

Visas as a control mechanisim have certsin
altractions for the Government as well. While
broad criteria can (and should) be pubhcly
statod decxslons on 1nd1v1dual apphcatlons

sultation with the national secunty agencies.

The Governinient therefore does not have
to fully explam why a partlcular visa was

denied and. when it does explaln its reasons;

can do so outslde the glare of publicity.
Defrmttonaﬁliand ‘blueprint” problems
linked to the pubhcatlon of criteria suffi-

ciently detailed to guide public behe

In general; relatively small nurmbers,
denials or restricticns; particulady if I .
to nationals of countries that are proscribed
under the export control laws. appear uiilikely

68

to have major consequences for science and
technology (although there may be foreign
policy concerns). ’

Special problems, however, are hkely to
0ccu1 when the foretgner |s requestmg a
conference sponsored by the International
Counicil of Scientific Unions (ICSU). Because
ICSU pohcy prohnbnts adhermg members

deny entratice to bona fide scnentrsts aUus:

visa denial may only serve to force such

conferences abroad and isolate Americans

from thair scientific peers: Such a possibility

should clearly be considered when the

Government weighs whether; on balance;

the attendance of the scientist or scientists

in question will result in a net technology
loss to the Nation:

Granting or denying aliens adinission to
this country_is clearly an appropriate gov-
ernmental function. If visa controls are
exercised with restraint; they are unlikely to
Become a major source of contentién. How
ever: closed-door decisions influenced by
the 1.ational security agencies *1ay have an
unhealthy bias toward overconi - «articularly
if information about the benef: : ©f the visit
is not readily available within the Govemment.
In any event. Visa authority cannot be the
primary means of coritrol; it is too easy for
our technology to be transferred outside our
borders by other means. Consequently. visa
denials are perhaps best viewed as a way of
reducing the objectionable doméstic effects
of export controls.

Contractual Restrictions on Federally

In early 1982. the Report of the Defense

Science Board Task Force on University

Responslveness to National Securtty Re-

quirements suggested greater use of con-
tractually imposed restrictions to avnid scme
of the uncertainty and contentiousness of
”””””””” 1* For exarriple. a
research agreement might limit or require
approval of foreign participation or require

A contracl, for this purpose, includes any cor]trqgtugl

ifistriimient whitkier labeled a contract, grant; or coop:
erative agreement.
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prepublication review of research results:
Although recommending this now only for
the Defense Department. the report sug-
gested that such restrictions be used by other
Federal agencies if the need is clearly astab-
lished. Presumably. contractual restrictions
applicable to industry/university collaborative
research would bind both industry and
university.

With the Federal Goverriment fuiiding

aimost half of the R&D performed in the

United States.!* contractual restrictions are

a powerful tool: Contract clauses are hkely

to effectively restrict dissemination of the

particular information developed under

contract. Researchers usually heed contract

terms. at least when it is made clear that the

funding agency will enforce them: However;

if similar_or related research is either not

federally funded or funded by an agéncy that
does not impose these restrictions; similar

-information will be disseminated unless it is

otherwise controlled. The Government's
ability to rely on contractual restrictions thus
depends in great measure on whether similar
research is likely to-be otherwise controtlled.
The answer appears to be that it is. Induistry-
funded research (including that on campus)
proraising clear, short-terimi commercial
applications is usually subject to proprietary
restri-tions. If the firm seeks a patent, the
Government can impose a paterit secrecy
order. Most other research, while riot con-
trolled; is unlikely to be sensitive on naticnal
security grounds:

Contractual restnctlons nmoose only hmlted
entirc ueida. as the Atomic Energy Act does;
or entire technologies. as export controls
nay with the Militarily Critical Technologies
List, contractual restrictions can be tailored
*0 the particular research project. Areas of
conicerni can be identified quietly and ex-
plaitied to the researcher without risking a
public * bluepnnt problem.” Because con-
trartual restrictions are likely to be drafted
and monitorer: by resedrch sponsors, there
is reasain to hope thie restrictions wuiild be
reasonable—although guideiines will still be
needed to chaiinel the discretion of inZividual

piogram mahagerswli S ise be

overzealous;
The effect these restrictions would have

on science and technology depenc's on the

way they are used: If they are applied

frequently or with a heavy hand, their effects

can approach those of classification: Indi-

vidual scientists will have to decide whether

to work in tightly controlled areas: Individual

institutions will have to decide whether the
conditions are compatible with their philos-
ophy and objectives. The more infrequently
such conditions are imposed. the easier it is
likely to be for an institution to accept them:.
If the universities but not industry decline to
work on such terms. industry/university
collaboration once again becomes more
difficilt.

The affected pubhc is more hkely to accept
broader contractual restrictions than most
other formis of restrictions, particularly if the
restrictions are accompamed by better comn-

memcanon and their permissible scope is
clearly laid out in agency policy. As With

university decisions to accept delays in

publication to preserve patentability in

industry-funded research; there is an aura
of voluntarism: Because the condmons can
be tailor-made; they are more likely io appear

appropriate to the situation: Because the
negotiations can be conducted pnvately the

Government is better posmoned to explain
why the information is sensitive: Because
the contract must be signed before research is
begun. restrictions are less likely to seem
arbitrary and unpredictable than those im-
posed i midstream.

iio’iiiﬁfairy Rééiiéiﬁi

ments; such as those in cryptography by

which researchers volur - \y submit their

work to the Govemment for prepubhcatlon

review. These arrangements as yet have no

legal basis; the National Security Agency
(NSA) concluded that it lacked any ground

for legal compulsion: At other times; the term

refers to the motivation for compliance with

legally imposed restrictions for reasons other
than fear of penalties. This usage suggests
that if the Goverr.ment did a better job of
explaining to American scientists what it
was worried about and why, it could apply
very tight controls {for example, classification)
to orily the miost critica! technologies; alent re-
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searchers to other possible problem areas;

and rely on their general patriotism to restrict

dlssemmatlon or seek consultation when

questions or problems arise:

Although the Government should do a
better job of communicating legitimate na-
tional security concerns to.the American
public {including the scientific community).
it would be difficult to rely solely on the first
form of voluntary restraint for several reasons.
First, there are the now familiar difficulties
of the “blueprint problem” and administrative
burdens. Willing to submit to prepublication
review. public-spirited cryptographers asked
NSA to 'Cl:eflh'é its aﬁreasof,di'rejct concern;
NSA finally concluded that publicition of
such a list would be more damag .0 the
national security than publication of the
research results. The Defense Department s
difficulty in publishing an unclassified version

of the Mllltanly Critical l'echnologles Hist

suggests that the problem is a general one:

If the Government cannot alert researchers
to its specific concerns. it could alert them
to broad concerns and then scan a huge
quantity of voluntarily submitted maierial.
This may be possible in a srnall: highly
sensitive discipline like cryptography. But
where the number of researchers is large
and the security implications less compelling
{or at least less obvious), this broad net
approach would be slow, costly, and unlikely
to lead to an adequately high level of
voluntary compliance.

~ While perhaps also inadequate as the sole
Government strategy. the second form of
as an adjunct strategy. Most Americans do
not want io ald America’s mlhtary adversanes
If they believe the Govemmen* vhen it sags
that the release of certaiin *./c.rmation will
be damaging to the Nation: most—desbne

the importance of publication in the research

environment and reward system—will try to

find a way to accommodate the Govern-

ment's concerns. This klnd of mutual | trust
raphy field. The Gnvernment would be well
advised to try to create it eisewhere. .

Better communication. mutual trust, and
voluntary restraint r3:ay be the only practical
6? éfléttlvé JVéSJ 6l dééling with emerging

furided. Clearly the broad approach of export
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coritrols is ot working; the classification route
is also limited to information the Govemnmenit
owns or controls; and contractual limitations
too presippose a Federal finaricial role.

Policy Considerations

Two general conclusions dominate. First,
effective .nstruments for controlling the
dissemination of scientific information would
impose great costs on progress in American
science and technology (and thus on ldngi
term national scurity). And even ineffective
tools. stich as export coritiols, may discourage
scientists frdh"i Wdrklhg in areas SUbjéCl to
restriction, impose financial and administrative
costs on scierice, affect the research en-
vironment. and drive a wedge between the
Government and important segments of the
population: Indeed: mechanisms that are

ineffective because of their broad but uncer-

tain sweep may impose higher costs than

effective mechanisms: Second; clear and

naﬁow restnctlons tha* put the deflnltlonal
shoulders are more likely to be accepted as
legitimate and appropriate Government
policy than are broad restrictions that attempt
to shift the task of identification to the
scientific community. )

These general conclusnons have specnflc
policy implications for each of the several
conitrol mechanisims discussed above. First,
it would be both very difficuit aind socially
disruptive to apply export controls more
broadly to scientific research. Second.
although classification is obviously an effective
control mechamsm its costs to sclence and
technology suggest that it cannot be used

substantially more frequently without en-

dangering the scientific endeavor that

underplns our. economic and mllxtary health

threatene Jd would appear ‘o 1mpose llttle
scientific cost and viould pri iwably meet with
relatively little scientitic hostility. And fourth,
contractual restrictions; although not without
their dangers, are a reasonabie approach.
Bétadsé éﬁéCiﬁc iy *iéi iotiétéd Loﬁ‘i‘éd terms

generally apphcable e.<port cont.ol regula-
tions. the regulations snou.d be reuisad to
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make it cledir that compliance v 2derally
imposed contractual restrictions -at least
when imposed or reviewed by a national
secunty agericy—relieves the research per-
former of further obligation under the broader

export control laws and regulations.
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Abstract

The generation, collection, organization, procéssing, and distribution of scientific and technical
information is . significant but nieglected area of R&D policy. Rapid t:'chnological changes
as well as the growing economic and social importance of informaticii in society are making
the formulation -o/f _policy in this area both necessary and difficuli.

Issues related to control of and access to scientific and technical mfoxmahon—mcludmg
protection. of personal privacy and proprietaiy information, restriction of information flow
for national security reasons, and the ermergence of intemiational barriers tc .nformation
flow—are high on the agenda. Heightened awareness of national security conceri:s has

stimulated intense policy debate over the merits of controlling the flow of potentially

sensitive scientific and technical information relative to the value of sren communication

among scientists. Other debates have arisen over the proper U.S. response to economically

motivated moves bw other countries to limit transborder data flows and otherwise impede

the international flow of scientific and technical information:

Another set of issues centers on the economics of scientific and fechmcal information

:-nd conflicts between the roles of the public and private sectors in providing information

services. Pricing policies of Government information centers have stimulated considerable

debate; reflecting policy inconsistencies as well as deep-sezted philosophical differerices:

Some approaches to resolving the issues, based on differentiating types of uses and users;

are suggested.

The various roles of the Federal Govemmem in scientific and tec*ical information are

Introduction

Scientific and techniral information is a major
product of research_aid developmen. {R&D).
The_results of R&[ projects sponscred by
the Federal Government—sonie $40 billion
in fiscal year 1983—are of value onlyii : ey
can be communicated and put {o use. They
must be comririnicated to other researchers
whuse work is based or tize existing knowil-
edge base and who must have rapid access
to vp-te-date, accu: 2te scientific and technical
information to ave' Unnecessary diiplication
of efior, to speed up the .ocess of inno-
vatioii, z1d to make best ise of limil-d

-resources. They must also be commiunicatad

to users who can put the findings to wotk in
practical apphcat:ons—new products and
prer-zoiz for the cor nercial marketplace
and new programs and pohcnes in the public

sector: Yet; for all the atter‘ion devoted to

R&D budgeting; policymaking; and man-

agement; ielatzely little attention has been

e hlghhghted. and a number of options for furthe: ¢xamination and action are proposed.

paid to infcrmation policy in the context of
Federal R&D:

Scientific and tecinical information policy
should not be considered in isolation: First,
it is clearly an integral part of R&D policy
and should be closely linked to decisions
on R&D priorities and management. The
production, disseminatic:n; and use of sci-
¢éntific and technical inforrnation are critical
eleraents in the efficient and effective use
of Federal R&D funds. Federal R&D policy
must thus be concerned not just with the
conduct of the research itself, but with thé_
disserination and utilization-=in both the
public and the private sectors—of the fruits
of that reseairch. Second, although discus-
stons of it have sometimes failed to a knowl-
edge the fact scientific and technlcal infor-
mation priicy is also one aspect of the
broa ler dornain of information policy 2°.d
man=geme . The latter is a domain of
growing scope and lmportance whlch en-

compasses such dwerse concerns as the
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operations of computerized data bases,
copyright and patent policy. telecommuni-
cations regulation, nrivacy protection, and
trarisborder data flows. The implicationis for
scientific and techriicél information of deci-
sionis made in these realms mriust be recog-
nized and taken into account in the fon'nu-
lation of R&D pohcy

Scienitific and techmcal mforrr'anon is a

significant area of economic activity in the

United Statcs. King (1981) estimates that

nearly $15 billion is spent each year on

authoring; publishing; storing; distributing,

and using scientific and technical information:

Of this amount; the Federal Government is

reported to support about 45 percent through
direct publication of books, journals; and

technical reports: funding of over 200 sci- -

entific and technical information clearing-
houses: three national libraries and 3,000
other libraries: operation of several national
statistical centers and other information
activities: and support of scientific com-
miunication through payment of page charges
and attendance at professional meetings for
researchers under grants and contracts.
According to King. the Federal experiditires
inclide $1.2 billion a year for library. ab-
stracting, and indexing activities, «.: rd $1 billion
for niumeric databases.

Makmg mfon'na ‘oni pohcy is pamcularly
difficult at present. ln \-art. this is a result of

the fact that we are becommg increasingly

an information-based society and that tech-

nologlcal advances are leadmg to #1e merging

of information and communications tech-

nologies. Consequently, society is now faced

with a variety of new technologlcal capabilities,

some with lmportant social consequences;
{or which it is relatively unprepared. Another
factor ‘s that most segments of the informa-
tion industry {e.g., data processing) have
been essentially unregulated. while com-
mur'cations have been subject to hes
Gowe nment_regulation. The probiems «f
how to establish appropriate lege' and reg.
ulatory frameworks for the new, merged
terlinvligies are just beginining to be sortec
o.t. In-reasingly, also, information is being
recognized zs & resolirce—a resoirce of sig-
nificant econon..z value, particularly in an
economy shifting from manufacturing to
services. The economiic importarice of the
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information sector is only beginning to be
recognized.

The remamder of this paper reviews bneﬂy
a select set of pohcy issues relating t to scientific
and technical information: It covers the U.S:

policy conizxt, economic issues and the

pub: c/pnvate sector debate; access to sci-

entific and technical information; aid the

role of the Federal Government: The issues

discussed here are complex and overlap in

many ways. The structure within which they
are treated here is but one of many possible

approaches to their analysis and discussion.

Policy ( C’o’iiiéﬁf for Sciéﬁtific

Federal responsibility for scientific and tech-
nical information has evolved gradually, often
associated with legislation that had neither
information nor Science and techiiology as
a principal fociis.” Each of the agernicies
that produices scxentxflc and technical infor-
mation as part of its operatlons—mrludmg
the Department of Defense (DOD), the De-
partment of Energy (D(:Z), the Environ-
mental Pratection Agency (EPA), the Na-
tiohal Instiiites of Heal*h (NIH); the National

Library ot Medicine (NEM); and the Nationa

Aeronautics and Space Administration

(Nr.SA)—traditionally has had its own

methods 2nd policies for managing distri-

bUthﬂ and access to that 'nformahon The
mation Service {NTIS) iﬁ,the, Department
of Commerce in the 1960s (formerly -the
Ofi. -e of Technical Services, then the Clear-
inghcuse for Scientific and Technical Infor-
mation), w2 - a_major milestone in the
development of Federal scientific ar::! tech-
nical information activities. NTIS coliects,
organizes, and disseminates echnical reports
resulti.ig from Federal R&L contracts and
grants. The National Science Foundation
(NSF) also has developed many scientific
and technical information activities assocnated
with its responsibilities in funding basic

*For a deta:ll_q chrono]ogy of & events and reports rela[ed

10 scientific and technical infr-
Researct. Service. 19/8.

-aon; see Congressional
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research. They have included supportmg
research in information science and policy
as well as promoting the dissemination of
research results by providing seed ﬁiéi‘iéﬁ

pute,n,zed 1nformanon systemns and databases
outside of Government; such as Chemical
Abstracts Service 11965:75).

Thé N;ti'o'h'él S’ciérii.é,éhd Technology
94-282), under whi'ch the Office of Science
and Technology Policy (OSTP) was estab-
lished, includes provisio:is establishing szveral
advisory groups to provide a more coherent
means of managing and disseminating sci-
entific and technical information. Further:
more, the Act establishes the basis for Federal
scxentlfnc and technical lnformatlor activi-
ties as a part of R&D policy. It spe.ically
states that

. . it is recognized as a responsibility of the

Federal Government not only to coor-

dinate and unify its own science and

technology information systems, Gia tU
facilitate the close coupling of institiidoiial
scientific research with commercial appii-
cation of the useful findings of science.

(90 Stat. 461)

l)esplto the exphcnt recognition; here and
elsewhore of Federal responsnblhty for the

m.ormatzon pohcy, most F ejeral agencies
have systems that reflect and support their
own ﬁéédé éht’ thiéiihhé éi‘id éi‘é i‘ibf W l'

and tec,tr.nrncal m,frormatlpn, R&D polu.g,, or
general information policies.

It is becommg apparent that exii"i"ig
frarnewon :§ do not we" accomm,;qate the

c/T fte sector intesacti ins. Scientific
and teclinical information pclicy is only a

«zbset of tiie larger 1niverse »f lnfcrmauon

policy. and policy choices made in relation

public/pri

io ermerging eiectronic or banking SysIers,

for «xampsle; may in turn affct policy delibera-

tions more directly related to scientific and

technice. *.formation. The cunvargence of
computer and communications technologies,
developments in storage;, processing. and
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distribution techmques and tl.e growth of

information services in the economy have

implications for a wide range of enterprises.

Scientific and technical information policy

is often viewed and developed within the

context of specific programs or projects: This

is in part a reflection of the aiversity of
interests involved and that rio real organiza-
tional focus for policy formulation exists; In
addition; decisions regarding scientific and
technical information generally seem to be
made by mid-level prouram menagers who
administer these information systems, a::d
seldon: invnlve senior leviei policymakers who
have brader concerns and perspectives.

~As thv Nation moves increasingly into a'
information era, as society becomes more
technalogically oriented, and as changes
oceur in the direction of R&D efforts, the
need to link scientific and technical infor-
ination policies to R&D policies, as well as
to broader mformanon and comimunications
policies, becomes miore critical. For example,

as civilian R&D activities in the Federal

Government focus increasingly on basic

tesearci rather than applied research or

development, and as defense-or.:ted R&L

receives increasing funding; demands on

scientific and technical information systems
are bound tn shift and Federal programs
will nezd to adapt. At the same time; as the

Government reduces its information cuilec-

tion and dissemination efforts—either as a

result of budget cuts or such initiatives and
laws as the Paperwork Reduction Act-—both
ugé'rg a'nd i:}'r'cidij'cé'rg bf §i:i'é?“ﬁ'c é.id téChhiC&il

rhoices. The ability of t:use mvolved ineei
entific and techiical inturnz.ion to leighten
the awareness of other policimakers to the
consequences of their decizi-ns will be a
key determinant in mainiaini -g the vitality
of scientific and technical inf imation Lic-
grams as broader pohcy changcs oceur.
The United States differs. sigrifi antl-/ irom

other nations in its approazh to ,,ohcu.s

affecting information; comir:nications, and

R&D: In the United States, the private sector

is the basic provider of ¢ ta processing and

teneccnnmumcat.'ms products and services;

the supporter o’ thie major share of the

Nation's R&D effort, and the performer of
an even larger share. The significarcz of
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this arrangement has been hlghhghted in
recent years as policymakers have sought
to enharce marketplace competition and
increase the * “privatization” of Gnvernment
actmtles Even where the Government re-

mains a major plager, however, the approach

has been decentralzed and often fragmented:

This is due in part to the traditional U:S:
antipathy to centralized planning scheines
and the belief that diversity of ideas and
open competition ultimately produce the
best results. S
_ The U.S. approach contrasts sharply with
the approaches of many other_ nations of
the wnrld where governments develop na-
tional strategies, target specific industries for
support. and control critical elements of the
economy. For exaniple, most telecommuni-
cations facilities in Europe and Japan are
either government-owned or government-
operated. Likewise, the Frénch government
has recently announced that it will be sub-
stantially increasing its R&D spending (o
promote high technology industries, while
the key position of the Japanese in the
samicuriductor mdustry is attributed to the
rolz ! ' that nation’s aou: ¢ it fostering
indust:‘al deve'~ ;r.w,m
Thefactt. icsechallenges are emerging
from abroad coes not mean; as some have
suggested: that the United States should
forsake its ways of doing things and .=+ .0
emulate such foreign practices as ifie Jap-

. anese sty ot management. The strengtn

Q
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of the United States lies in great measure in
the diversity. independence; and competition
of i'd'e};'s inherent ih our way of governing
of R&D. communications, and mformatlon
technology are _particularly noteworthy ex-
amples of this. The importance of the cur-
rent situation is to_ alert the United States
to the need to acknowledde the differing
approaches of our major trading batners
and our ideological opporznis ibroau so
that effectiVe policies can oe forniilated to

respond to tiicm.

Econom': - Issues and tiie
Public/Privete Sector Deb::*z

’ \llth the increcisir. 3} "’rr‘anca nf th7 .jf«)r-
mation sector 10 the Us: ai- ::d econo-

mies; and the growing recogmtlon by those
76
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involved in thie gerieration. collection, trans-
mission, dissemination, and use of informa-
tion of its actual and potentlal value, comi
a host of theoretical and practical problems. A
number of these underlie current policy

debates in the area of scientific and technical

information:

Pricirig Policies
The issue of pricing policy and the attendant
issue ‘of unfair competition are raised fre-
quently and applied to several aspects of
Government involvement in scientific and
technical information. Govemment scientific
and technical information centers vary sub-
stantially in the prices they charge for thev
services. Certain users are noi charged at
all, while charges to others diffei accord-
ing to each center’s policies and the type
of user.

General rohcy gund' lice on . ser charges

tained in Office of Manageme. it and Budget
(OMB) Circular A-25, “User Charges;” which
requires that user charges be imposcd when a
Govemment service

(whlch niay or may rnoioe mea;urable in

monetay terms) thrn those which accriie

to the yeneral public...
This circular establishes the geiicial policy
of the Executive Brarich that a reason.hle
charge "should be made to each identif.abie
recnplent for a measu ablf-‘ umt or ;..‘ount
Wthh he denves a spe,cml penef:t.f‘ The
circular specifies that the Chétgééhbﬂfﬁ
enable the agency “te recover ik« full cost
to the Fede'ral Goveriirneni of rerdering
that service” and must mch,.de ‘the direct
and lndli"’Ct costs to tho Uwemment of
cartying oui the Pct'vm """
ali~_.atioi1 of such i*erris as sala"les research,
and supervisory cos’ OMB Circular A-25,
Paragraphs 3, 5). L  -a 1974 Supreme
Court iecision, howuer the recovery of
indirect costs is limited to those coz’= that

are actuarlly associated with the specific

services provided; ond excludes those that

benefit the public at large or are incurred in

establishing the whole prograr: (U.S. General

Accounting Office; 1979: 20).
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Iri éi §Ui'i)e9 6f 38 irifbrrhétibri Cehters in
General Accountmg fonce ;unU) found
that the centers actually recovered only a
small ft‘éCﬁ’Q’i‘,i,bf,thé costs of i:it‘bvidihg th'eit‘
services and that, when charges were made,
cost recovery policies were not applied
consistently. The same GAO report con-
cluded that private firims that purchase
Government databases and market the
service should be assessed “fair and equrtable
charges falhng to do so would result ina
general ta>qsaper sub51d9 to non-Govemment

users of the service (L1.S: General Accounting
Office; 1979: 27-29):

OMB Cir&ilér A:76, “Péliéiéé for Aéadiﬁﬁé
Services Needed by the Govemment,
vised March 29, 1979, is based 01 the ribﬁbri
that the Government's business is not to be
in business. The circular limits and defines
Government competition with the ¢
sJctor, stressing reliance on the priva.
for the provision of goods and se

In a democratic free enterprici: sysi- .

Govemment should not compete wit:. is

citizens: : :In recognition of this principle;
it has been and continues to be the general
policy of the Government to rely on com-
petitive private enterprise to supply the
products and services it needs. (OMB
Circular A-76, Paragraph 2)

Severdl pomts are made by crmcs of current

Govemmeni ccst recovery practicas

(1) Tte system is inequitable: By not

rzcovering the full costs of services from

users, the Government is sefting artificially
low prices and using general tax revenues
to benefit the few {i.e.; special interests) who
use the information services.

12) Government scientific and technical
information services misallocate resources.
Since the services are priced without ref-
ernce tc either their “true” cost or their
value to users, the Government has no way
of telling whether it is funding t!i2 services
at an optimal level.

{3) The presence: ofGovemment dtstorts
the lnformatron marketplace. Government
practices (e.g., pricing) affect the suppiy and
demand for information services, make it

iriore difficult for a free pnvate sector market
to Operate and threaten thie wiability of

0

{4) Govemirient involvement discourages
innovation by creating uncertainty and re-
ducing the rewards for introducing new
services and technologies. The same factors
hammper thie entry of new firms into the field
and discourage private sector investiment.

~ Several rejoiniders are made to these
charges:

(1) Produiction and distribution of scientific
and technical lnf'o"r'm'atlon are part of the
statutory missions of many Federal agericies,
especially thcse that opemte in R&D intensive

areas. For example, the statute under which

the “:~tional Institute of Education operates
aut cationa
research:.[and] assist and foster such re-
search; collection; disseminaticn:.” Similarly,
NASA is required by the Space A«t to provide
the widest practicable and appropnate dis-
sem.natnon of mformatton concermng its

ivizes its director “to conduct educational |

~andates such as these. agencxes have
araliu favored +. 12 distribution of scientific
d techrnice! inforination over full cost
riicovery, since wide «Jistribution contnbutes
to the purposes the agencies are trying
to accomplish.
(2} Governimiernt scxentlfxc and techmcal

mermat\on activities serve the ')ublrc interes
ifi impioitant Ways. For example, in discussions

of Medline, NLM’s online bxbhographrc
service, advocates of the system siress that

low-cust access to the medical hterature for
researchers stadents, and practicing phys

icians vields dividends in improved health

care and accelere‘zd biomedical research:

These dividends; it is claimed; far outwelgh

the costs to the Govemment of providing

the services; and are more important than

the issue of unfair co:apetition with more
costly private sector bmhogréﬁhlc services:

. {3) The private se-tor contains bsin pro-
ducess and users of scientific and technical
infrmation. It is not coincidental that it is
gr:nerally the producers who see themselves
in competition with t e Govemiment and who
argue most strongly a3ainst the Government
role. The private sector users, on the other
hand, who bznefit from me Gove nment
services, favor their _ontindation ard do not
usually redgard unfair competition as an
important issue.

Onie major point too seldom acknowl-

edged by either side in thls gu'vte is the
fundamental difficulty with tiie concept of
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full-cost recovery. According to econoriist
Yale Braunstein. the “apparent simplicitt
and concreteriess of the full-cost calculatlon is
entirely misleading” (National Tel..com-
munications and Information ."\dmlmsrrahon
1981: 67). Braunstein poiits out that the

emstence of joint costs / costs that are shared

among several products) ir: any multiproduct

'orl and the problem of demand

es make full-cost recovery an elusive

notion. He quotes a pricing manual prepared
for NSF to demonstrate the complexity of
creating full-cost recovery policies:

. .if there are economies of rcale: or other
patte*ns of responsiveness o of costs to
volume of sales: demand data will also
be needed if tl-e prices selected are

actually to end up covering costs: De-

mand infc mation cannot be dlspensed
with; for in caicu'+ing the pertinent cost
ihe management must be able to ascertain
what volume cof sales can be expected
at full cost. If a calculation of full costs
is based on cost data for the past and:
for example. it seems to require a sharp
mcrease 1n price._the resultmg fall in

economies, and the alleged full-cost | price

will in fact fail to produce revenues egiial

to costs as it is intended t: dn {(NTIA.

1981: 67).

Braunstein also suggests that tivere may
be an iriconsistency between the objectives
of OMB Circular A-76; which is intended to
prevent Government entry into ehterpﬁseé
that can be better conducted by tise private
sector, and OMB Circular A-25; which re-
quires full-cost recovery and thus encourages
the Government to provide self-suppuarting
sen+ces. As he observes with respect 1o A-25:

This g"tiiaéﬁ?é 66?-" icts with the basic

if an actlwty can he self- shstainmo it
shoulei be conducted in the private; 13ther
than the public sectcr (NTIA, 1981: »8).

Publlc/anate Sector Confllcts
in Perspectivz

Discussions of such issaes as full-cost re-

covery, which concern tne relationships
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hotiveen the roles of the public and private
<ertors. are among the thorniest problems
in scientific and technical information policy.
Underlying these dist:issions are basic phil-
osophical differenices corncerriing the proper
role of the Federai GJvemment in providing
wiformation services prodiuicts, and resources.

Those who favor restricting the role of
Government and relymg niore on market
forces place a hlgh value on the Amencan

tradition of competltlve pnvate enterprise.

and feef that the private sector can distribute

information (onginatmg from both Govern-

merit and non-Government sources) most
eonomically and most widely. They believe
that the presence of Govemment “can have a
chilling effect on private sector investment;”
and can reduce the efficiency of the market-
place in allocating resources (National Com-
mission on Libraries and Information Science:
1982: viii).

Those who would prefer not to restrict
the role of Government emphasize different
sets of values, including tive need for “equita-
ble. operi access..to information which has
been gererated, collected, processed, arid/or
distributed with taxjiayer funds,” and the
importance of that informaiion in ensurng
broad public pa:ticipation i the affairs of
society. regardless of individual ability to pay.
They stress that 1t is a proper Governiment

role to meet those informaticn necds not

served by the mai’-etplace ard to stimulate

“the development nf information as a re-

source for dealing with societai problems”

{National Commission on Libraries and
information Science; 1982: ix).

The must productive course of action lies
not in attempting to decide which of the
opposing views 1s correct in any absolute
that maRes the best use of both Govemment
and private sector capabilities to serve the
Nation's scientific *nd technical information
needs. This means determining the condi-
tions and circumstances’ under which each
sector is most capable, and establishing
policies based on these determinatioiis.

li1 part, these dllemmas in oublic-private
relatlonshlns seerm to have beer. brought

i by the very success of Governiment
scientific and tecl:: i=a! informiation programs.
Few concems about unfair comipetition from
Government were raised in the early days of
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programs like NTIS and MEDLARS, chiefly
because start-up costs for such programs
were high and the markets for their services
were not large enough to interest many
private firms. The Federal programs, taking
advantage of advancing technology, heloed
exparnd and cultivate the markets, making
them much more attractive today (Williams,
quoted in Schuman 1982: 1064). Now the
market is more mature and the technology

is less costly thusr the field is much easier

to enter. The current need is to adjust to

the new situation in a manner that best

serves the public interest:

While there are no simple ways to ac-

complish this; some potentially productxve
approaches have been suggested in recent
years. The common theme of these ap-
proaches is differentiating among types of
information and their uses and allocating
public and private roles differently i each
case. One approach—that of Giuliatio, et
al.—described threé basic modes_of scientific
and technical informatioi; transfer (termed
“eras”), each corresponding to a different
value eystem. Gitiliano shoiied how different
uses :i:id expectatinns in each ara affect the
wayz in which scientific and techinical infor-
mation is maraged arid distributed. Treditions
and institniionsz] mechunisms in the scientific

and .-3c‘1rm.al i"for'm'at'o“ 1eld developed_

in connection with 2 transfer systerm in which

the worth of informition is seldom measured

in economic terras. A variety of problems—

including conflicts between public sector

and private sector roles—result from the

misapplication of systems developed under
one set of values to situations in which
dilferent values are prevalent {iuliano;
1978: 2-113.

A related abproéth Was tékén by a Na-

lnforme,tlon Ser\nceﬁ, c..argect M/lth recorn-
mending means tc rescive conflicts batween
the seciors. The task force developed a
“schematic of contaxts,” which includes such
fac*cn, as fhe éncizi vaJue of the infoin:ation,
s geoniumic Gtility, the immeadiacy 7 its
wali-», the ability of useis to pay, eic., i
or ¢ to iielp understand how conilizts
corncernirig the appropriate role of the
Federal Goveitiivent in providing iiifor
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mation services occur and how they mignt
be resolved.

F. W. Horton, in an unpubhshed dlscu5510n
paper circulated in conjunction with the
Information Industry Association’s new hand-
book, Understar.ding U.S. Information Policy.
proposes a “hierarchy of needs” that infor-
mation is expected to serve and siiggests
that pricing policies (and presumably public
and private sector roles) be developed on
the basis of it. The hierarchy begins with

“coping information” and goes through

helpmg" “enhghtemng and ennchmg,

to “edifying” information. In this scheme,

“coping information” would be disseminated

free of charge {presumably by the Govern-

ment) while “edifying information” would

be priced at fully comperitive marketplace
levels. Other categories would fall in between.
None of the approaches described here
provides a definitive answer to this complex
set of problems. but together they highligh®
the need to develop new ways to resolve
the public/private sector controversies in
information policy generally and in scientific
and technical information in particular.

Techmcal Informat:on

Thi. growing comirierce in information,
prompted by the recognition of its value
(social, political, and economic), has raised
a number of concerris related to control of
and access 0 information. The matter of
access 1148 specml xmphcatlons frr scwntxfxc
and techinical information, since mmuch of it

is the product of a substantial Federal invest-

ment in research and development. Problerr::

anse because of the often-conflicting Federal

goals of p-oviding information resulting from

Governrment- sponsored research to the
public; pintecting (e rights of individuals to
privacy and of firmis to confidentiality; assuring
the ‘Soverni: “nt access to information it
requires for making regulatorv and oiher
decisiuis, safeguarding ratienal seciiily, »nd

promoting doneisi -7 il nde,

vations) Security

During W'o*.'\’r War h, wooumbie el s
ware places - Jdisserinaua ol
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—of the order.in-certain-sensitive areas-such -

Q

information for reasons of national security.

These controls conflicted thh the traditioral

scier tific emphasis onopen chrprnumcanon
and the free flow of lnfgrmarron The
traditional position was stated in 71?{‘@715

Science. The Endless Frontier: a report
prepared md sn'bmltted to Prendent Trr_-man

Basxcally there is 1o reason to b

scientists of other countries will v

re discover everythmg we now - 1.

sounder foundatlon for our nuJUﬁal

security rests in a broad dissemination of

scientific knowledgc upon which further

advances czin be more readxly made than
in a policy of restrictions which would
impede our further advances in the hopz
that our potential enemies will not catch
up with us. {Bush. 1945: 29)

Balenced against the desire for scientific

freedomn and the need for Government

accountabllny which generally favors open

access to information; has bee the need to

protect naticnal security. Controls have taken

suc': forms as increased classification of

scientific and technical information and
application of export regulations; and have
placed perticular emphasit on resticting the
acquisition by the Soviet Union of American
technology and scientific and technical
information with potential military value.
The_security classification system has
evolved through a series of Executive ordes.
Sirice 1953. each siiccessive Exect¥ve order
has narrowed the definitior ¢ “hai the
Govemimient could classify. Howev.r, the
most recent one, Execiitive Order 12356,
issued bi- President Reagan in April 1982,
reverserd this trend by expanding the cate-
goties of classifiable irifaiination and revising
various classification procrdures The new
Executive order excludes classification of basic

scientific research mformation not clearly

tied to national security. However, wistinctions

between basic and apphed research are

blurring in mang fields: and the |mphcations

as crypitography: are not yet clear:

*Free flows is used here tc mean irie “Uhirzstricted”
flow of infarmation. rather than “'no-cost” transfer.
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The coricern abotit foreion access to U.S.
scientific and technical inforivsticit has also
been addressed through thw i+ echievism of
export regulauonv mu.!d“ i the hxport
Administration Act (50 {15.C. App. 2401-

2413) and the Arms Export Control Act
{22 U.S:€: 2751-2794): These statutes

impose licensing requirements on the export

of certain goods, technology: ard defense

articles from the United States, and also
restrict the access of foreign na,t',ena'},,??
such material iri the Unitzd States. Botn

lnclude technlcal,,mformat',on and docu-
nientation as well as goods and services
iCongressionai Research Service: 1982"
Rélyéé 7) Thé [i’iféi”hétibhélTréffiC in Arms
seq.. 1981). authonzed bu "‘e A.rms Fxport
Control ct. reqitire Government approval
fur pubhcahon of techriical data with potential
mnhtary signiificarice. These regiilations have
been applied to embargo the export of
advanced technologics, including comptiters,
rn the Soviet Union to protest its involvermerit
in Afghanistan; and to restrict the dissem-
ination of information at scientific and

technical meetings:

Enforcement of thee regulations (primarily

by the Departments of Commerce and

Defense) has been increasing under the
Reagan Administration, causirg some con-
cern among. many scientists unused to
considering the implications of their work
in terms of national secunty issuies. Questions
about the appropriate use of Government
controis will continue to gain currency: the
Export Administration Act expires at the end
of September 1983.

~ One recent action reflectmg in part the'
Administration’s conczrn about the use of
U.S. information processing and telecom:
munications qystems——and scientific and
techmcal information in general—by foreign
nations was the withdrawal of U.S. Goverri-
ment suprn:t for the International Institute
for Applic  stemn. Aralysis (IIASA). Amony

“the reasons for the decision was the Admin-

istration’s des:re to prevent Commuriist bloc

researchers from *\btammg unauthorized

access to Western databeses through [IASA

computers (Walsh; 1982: 35):

Other laws intended to nromote nationai

security through control of information
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include the Atomic Energy Act (68 Stat.
919: 42 U.S.C. 2011-2296). which contains

the “born classified” concept with respect

to atomic energy restricted data; and the

Invention Secrecy Act (35 U.S C: 181-188),

which provides authority for withholdin bat-

ents containing sensitive lnformanon in order

to keep the inventions in que tlon secret
A somewhat dlfferent means of conitrolling

national security is evolving with the devel-
opment of a system of voluntary prepubli-
cation review of maruscripts on cnyptographic
research. The systeri is an aitempt to balance
scientific and commercial interasts in the
cryptograptic and cryptoanalutic fieids with
concerns about the vulner.'.ility of U.S.
cryptographic systems. The extension of this
policy to bthéi Eiréés of SCiélitiflC i'éééarCh

lntelhgence Agericy director Bobby R. Inman

- at the 1982 annual meeting of the Arrierican

Association for the Advancement of Scierice

(A#AS). Inman suggested that “a potential .

baiance between national security and science

may bein an arrangement to mclude in the

peer review process (prior to the start of

research and prior to pubhcatlon) the ques-

tior: o! potential harm to the nation.” If such

ol untary securd ty sateguards are rnot adooted

noloqles would result in laws to restrict

publication of scientific work considered

sensitive on national securitv grounds.*
D suussion of the conﬂtcts be tiven secrecy

peded flu W of scnenhﬁc and techntcal lnfor-
mqlion is under wav iy many forums and is
the *oplc ot anothcr naf\er .n thls com-

National Secunty’ a recent renott bya panel
of the National Acadeiri of Rciences, on
the whole echoes the sennmem., e¥pressed
in the Bush report, whlle facxnc reahstlcally
the need to 1estrict lllega acquisition of
technology by other nations l‘\latnona
Academy of Sciences, 1982) The p

concluded that in by far the laraest share Gi

university research; “the benefits of total

*For Inman = vemarks and the response of A#AS
executive officer William D. Carey. see Aviction Week

and Space Technology. February 8; 1982, pp. 10-11; ff:
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Prenazes ox;;freha'dow [the] possible near:
At the sarne tlme it noted that there are
certaiin areas of research that should cleatly
be classified. It devoted specnal attention to
the small “gray area” between the two, for
which it felt “limited restrictions short of
classification are appropriate.” In this gray

‘area. the panel suggested several specific

means of hmmng unauthonzed foreign access

to potentially sensitive research—means that

it regards as consistent with the values of

cpen science: It emphasized the need for

the Government to define in concrete terms

the areas in which the International Traffic
in Arms Regulations and the Export Admin-
istration Regulations are applicable and
indicated that these regulations should not
be invoked to deal with gray areas in Gov-

ernment-funded university research.

Other International Issues

The international context for information
policy includes many issues beyorid national
set.xity concerrs. The global flow of infor-
mation has become tncreaslngly po*e;tble as
a result of rapld advances in data pri>cessing
and computer systems and in telecom-
munications retworks. The merging of these

technolncnes has facilitated 1nr<_rnatlonal

commerce in inforrnation; including scien-

tific and technical information; and has

raised a2 range of associatzd economic;
political; ..nd technological concerns:
Responsi:; 4y for inter - tional informatior:
policy in the United States; like domestic
intcrmatior. volicy; has traditionally been
dispersed among many parts of the Geaom-
ment, inciuding the Departments of %+ .
Commerce, and Defeiise, ihe Federal
Coinnmunica.ions Commission; and the
Office of the U.S. Trade Representative. This
division of authority contrasts sharply with
the increasing efforts of other countries to
develon and implerrent iinifor®: tational
p"o'icibs st vegulate information and com-
raunication *echnologies and the form and
content of iransborder data “lows. This is
not to ln*oly that the United States ‘hf"lli
necessamy b (TR 1he approzchcs Ui other
- ons ininiorm atlon nolicy. lnneed there

2 many good reasons nat t3 do so. What

is important is gaining an appreciation of
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the strengths and motivations behind these
approaches to mformat on pohcy so that USS.
policy can deal more effet:txvely thh them:

National information policies are usually

designed to build a nation’s information

independence and increase economic gains
by developing indigerious information indus-
tries. While the desire to protect the privacy
of individuals and to promote data security
led to some of the early efforts by Europeans
to control the flow of data: today a wide
array of cultural, political, and economic
motivations are behind such moves. Sweden
enacted the first national data protection
legislation in 1973: other countries, including
Canada. France. and Germany, have since
enacted information privacy or data protec-
tion legislation as part of their national
information pnlicies. The laws and erniforce-
ment provisions vary, but in most cases
registration, public disclosure, and licensing
restrictions are detailed. These regulatory
efforts frequently form impediments to the
free flow of information.

In € tober 1980; the Orgamzat’on for
Econuiric €ooperation and Dev ’lopment

{OF <3 sdopted voluntary “Guirielines on

Privacy Protection and Transborder Data
Flows.” About the same time; the 21-member
Council of Europe issued its “Convention
for the Piétéétiéﬁ of Iﬁaiifiaijélé with Rééé?a

Both codes govern-transborder flows of
personal data: the extent tc which the
transmission of corporate uaia is affected is
often unclear.

Some restrctions; mcludlng the i imposition
of 1axes, tariffs, and user fees, constitute
economic barriers that may eifectively price
some providers of scientific and technical
information services and equipment ot of
ihtéméﬁbﬁél 'm'a'rkets. SUCh ecornomic b’arn“s
are of patticiilar concerri to the United Sta. _,
which has achieved a coipetitive edge in
international markets for communications
and information services (Congressnonal
Research Semce/ Bortnick: 3: National Com-
miission on Libraries and information Science
1982: 27). Other regulations that restric.

‘the flow of information between countnes

inciude requiring “domestic” irformation to

be processed within the originating country

(e.g; West Germany), requiring the purchase

of host comtnes equipment {e:g; Braznl)
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of. il soirie cases, complete demal of market
entry (e g., Canada. Great Britain) (Spero
1982 143 US House of Representatnves

1980: 18):

Potential requirements that data trans-

missions be monitored to ensure comphance

with privacy regulations are also of concem:

Business and governments are wary of the

security of confidential and proprietary data
when it is open to examination by other
governm=ais or when it is transmitted over
public daia networks (U.S. House of Repre-
sentatives. Government Operations. Com-
mittee, i980: 16). Closely tied to this are

the qu=siions of national sovereignty and
natiow: " iecurity. Many nations feel threat-
ened v the loss of control over databases

that = stored and processed in_foreign
conyi.wter systems—especially in U.S.
systerins—-subject to foreign laws (Congres-
sicinal Research Service, 1982, Bortnick: 3).
They are coricerred about the ability to access
thexr own data and the ablhty of other nations
to wccess critical information wheri it is
removed from local facilities.

Apart from tho question of legal juris-

diction; many naiions are concerned about

such things as sabotage; equipment failures,

and polmcal decisions that might inhibit their

ablhty to access their own data: They contend

that once criticz! information is removed from
Jocal fariiities; their vulnerability is increased
as foreign nations and multinational corpora-
tions have greater potertial to access it:

_ Theré .3 an additional concern that trans-
border data flows can lead. to “cultural
éfci@ibh " Altﬁdugh thé Uhiféd Stétés fﬁéih-

cultural dwersn,ty, ot!.er nations fear that the
influence of the United States and other
Wes’t’eﬁ"i, nations may disrupt their indigenous
cultural heritage. These nations coritend that
foreign databases, as well as mass media,
contaii cultiral biases that are poteritially
harmiul to their societies. Although this
perspec ive has been vonced by soimie Westem

is of pax i;zular concern to devehplng coun
tries, mz.ny of which lack a highly educated

popu'a ion and are consc10usly seekng to

encourage adherence to t.aditional mores.

Indeed, the importance of access to foreign

scientific and technical information for pur-
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poses of development and modemization
versus the perceived economic and political
vulnerability caused by reliance on foreign

facilities and information is a particular

problem for developing nations (U.S. House

of Representatives, Government Operations

- Comniittee, 1980: 21)” Databases and ad-

vanced information systems are often viewed
with ambivalence %v developing countries
faced with thi lilers:.2 =F assuring national
sous "z,r:,-nty whis rzquiring information
pu - and #-chiologies for development
(B 1981: 32).

One lllustratlon of tl"llS is the conflict over
collection of agricultural, environmental, and
geological data by remote sensing satellite
systems such as Landsat. Nations collecting
this data benefit from research applications
and trade and investiment opportunities;
developing countries benefit from applica-
tions of the data to problems in siich areas

as agricultural productivity and natural
resources management. However, soime
developing nations have tried to claim this
information as a natlonal resource, aind

sought to tax and limit its collection so as to

prevent what they feel is explontahon by more

advanced nations (Eongressional Research
Service; 1931: 61);

Protection of Domestic Proprietary

Information

Ai‘ﬁ’c@i‘igra:c'céés' jsfs’i.iés’ on the domestic front
in scientific and technical information is the
problem of protecting propnetarymformahcn
Such protection is & central .- - *
commiercial enterpnses and orr

with claims of the “right” 7 :
m.ormatlon Palents and tmde ORI S
the two most « ummon means of protecting

the ownership of commercial information

while promoting its creation and application:

e

Patent laws attempt to encourage com-

munication by requiring disclosure of infor-

mation abouf inventions in return for a

17 vear legal monopoly Trade secxecy law

enforce nondlscloeure clauses in contracts
with employees or licensess to ijiotétt
specialized knowledge that gives a firm some
competitive advantage.

Questions of ownershlp and control of

information are increasingly complex; par-
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ticularly in high-technology fields such as
microelectronics and biotechnology, where
the lines between basic and applied research
are narrowing. For example, patent prospects
may affect release of data and inhibit cori-

munication arrong scienlists who have a_
“vested interest in research results (Nelkln

1982 706) Fmdlngs that may be important
to the advance of basic research may be
withheld from publication because of com-

mercial interests in potential applncatlons

The notion of scientific ideas and data as

intellertual property; and the related question

.of ownership of intellectual property, are

both critical to scientific and technical infor-
mation policy. While precise definitions of
intellectual property vary, it is generally
assumed that investigators have the nght
“to enjoy the fruit of their intellectual labor”
(National Telecommunications_and Infor-
ination Administration, 1981: 76). This right
i§ iwotected in varying degrees by patent;
tiaile Secrecy, and copyright law. The copy-
iight faws protect individual or group rights
to unpublished and published works for a
specific penod of timie and pertit coripen:
sation to *' ~ copyright holder for use of
the materials.

Governnierit support for R&D leads to
questlons about ownershlp and disclouure
of data produced in non-Government inisti-

tutions under Federa! funding: Grant pro-

visions favor public dxsclosure of research

results; but those guidelines are considered
subject to the researcher's right to dacide
v.hen results are ready to be published
(Nelkin, 1981: 704). Funding agencies may
‘equest access to data to venfy the progress
*f research; this inforination may, in turn;

: subject to disclosure upon request under
'th'fé Frzedom_oi Information Act or other
reguli.ions {Gordon; 1982: 10). These are
but a_few of the problzms-of safeguarding
the disclosure of +..monal and proprietary
information that has heen provided to the
Government.

Scientific and Technical
Ii.formiation and Federa!
R&D Policy

Th: e preceding. sections of iliis paper ﬁave'
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tific and technical information currently

facmg pohcymakers and the scientific and

engineering communities: Several factors

are combining to give these issues a spe-
cial urgency.

The division of labor between the public
and private_sectors in the provision of
scientific and ‘echnical information services
has been unc. i discussion for several years.
It~ =*..ence has increased considerably,
hirJever. during the recent past: as the
i (eagan Adniinistration_has sought to reduce
i 'r'o’lé of the F'éd'éi’él GbVé'r'ri'rhéht in society

functions that it believes can be performed
more eff|c1ently and effecnvely outside of

redefinition of Federal roles and responsi-
bilities has been taking place. awareness of
the imn: portance of R&D and technologlcally
based Industry in economic recovery and in
the solution of soc:al and national security

problems has been growing:

In this context; there has been some

discussion of shifting responsibility for

functions served by Federal scientific and

technical information systems such as NTIS

and NLM to the private sector. In general;
these discussions have come up on a case-
by-case basis and have not been related to
a systematic examination of Federal scientific
and technical information policy. Further;
they have given little consideration to possible
long-term consequences to the U.S. R&D
system_of limiting_access of U.S. users to
scientific and technical information and
possibly allowing foreign control of U.S.
scientific and technical information resources,
~ lIssues of access to scientific andtechnical
mformanon have comie to the fore mainly
in terins of growing emiphasis on national
security coricerns and increased recognition
of the importance of science- -based tech-
nology to U.S. security—both military and
economic. Although studies such as that
conducted by the Nanonal Academy of
Sciences have helped to fccus the arguments

in this area, the need to address national

security concerns may drive pohcy in a

manner not well linked to broader questions

of scientific and technical information policy

{National Academy of Sciences; 1982):
Finally, the technology of information itself

is advancing rapidly and offering both prob-
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lems and opportunities for the U.S. research
system. Thie most recent Five-Year Outlook
on Science and Technoiogy sugdests the

potentlal lmportance to scientific and tech-
niczl commanication of such developments

as electronic “mail” (for rapid exchange of

scientific data); the growing capabilities of

electronic data bases; and new; electronic

forms of rapid publication (National Science

Foundation; 1983): The continued develop-

ment and implementation of such technol-

ogies. although likely to be based in the
private sector depends m part on the Federal
for, the deveJOpment, of associated tech-
nologies. and indirectly through incentives
and disincentives to the use of such systems
built into Federal R&D policies.  __

In these and other policy issues affecting
scientific and technical information, the
Federal Government plays many different
roles, including:

e Generator of sctentxfxc and techmcal

information. through federally funded

R&D efforts;

L Provxder/dxssemmatorofscxentlfxc and
technical information. through Federal
information centers and data bases;

* User of scientific and technical infor-

in its performance of R&D and

mation; N Its perto
in other techng!ggxrally based activities,

such as regulation:

~ International negotiator. le rebre-
sentative of U.S: interests in varioos
international forums;

Mediator of competing interests:
Policymaker, a locus of decision for
controversial issues and authoritative
allocator of putlic resources; and
Source of technical advance. through
support of R&D in communications
and information technology.

The Federal role is not exclusive in any
of these areas. Commercial enterprises—as
R&D performers, as sources of information
techiiology, and as providers and iisers of
scienitific and technical information services—
are involved throughout, as are universities,
nonprofit organizations, and professional
scientific and engineering associations.
Nonetheless. Government involvement is

pervasive and inescapable as part of the

recogmzed Federal respon51bxhty in the

support of R&D and application of its
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products to the Government’s and other
national needs. This pervasiveness means
that Federal policy for scientific and technical
information will be made and will have an
important influence on the course of events
in this area. The choice is between allowing
that policy to be shaped by unintended
consequences of choices made in other
domains, making it the net result of nurnerous
uncoordinated efforts, ot, altematively, having
a policy developed on the basis of conscious,
purposeful decisions, based on data and
understanding of the issues and structured
to lead to a desired oiitcortie. The imiportance
of scnentlflc and technical lnformatlon tothe

R&D enterprise dictates that it be the latter.

Policy Options

To address the issues outlined above will

require a concerted effort on the part of

policymakers in the Federal Government

and among the numerous other stakeholders
whose interests are associated with the area
of scientific and technical information policy:
Making the. importance of the issues in this
area better known and gaining the attention
of individuals in organizations whose interests
are involved is an important first step to
which this and similar papers may contribute.
Beyond this, it may be useful to suggest a
number of specific options for further
examination and action:

- (1) Reexarnine pricing pohc:es for Fedéral
mformatrqn services. Many of the conflicts
between the public sector and the private
sector in scientific and technical information
policy center on the prices charged users by
Federal information services. Although there
are a variety of high-leval policy statements
on the subject agency policies differ con-
siderably and both the information services

and their users could benefit from an overall

systematic examination of pricing. The values

of implicit and exphcnt subsidies to users

should be included in the examination; as

should alternative means of providing those

subsidies. The concepts of differential pricing

discussed above under the headlng ‘public/

prvate sector conflicts in perspective” menit
consideration in this context:

(2) Make representation of U.S. interests in
scientific and technical information a con-
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scious element of forergn pohcy Actions of

foreign governments in the information field

may in some cases have SImelcant negatlve

impacts on the U:S: R&D community and

on U.S: scientific and technical information

services, in both the public and the private

sectors. Traditions and circumstances in the
information field in the United States are
different from those in other countries; and
this country should not necessarily emulate
the actions of others. It is essential; however,
that U.S. foreign policymakers recognize the
importance of U.S. scientific and technical
information interests and actively represent
them. The flow of scientific and technical
information is included among these interests,
both as an element of foreign trade and as
an intellectual resource for the U.S. résearch
and industrial communities.

(3) Examine the policy structure for sci-
entific and technical information iri order to
define more cieariy authority and responsi-
bility. Too often problemis in scientific and
technical information seem to “fall through
tl‘e cracks” because organizations capable
of dealing with them do not exist at the

proper hierarchical level or because high

level policymaking bodies have too many

competing interests to devote adequate
attention to them: Creation of & new “Office

of Information Policy,” as has been pro-
posed from time to time is not likely to be
the answer. But a systematic review of the
adequacy of existing organizational ar-
'réhgé'rhé'rit's eihd a possible iééSSighkﬁéht of
and tnmely

{@) Enhance awareness ofsc:entxﬁc and
technical information issues among R&D
policymakers. Of the several contexts in which
decisions on scientific and technical infor-
mation issues should be considered, that of
R&D polizy is particuilatly important. Yel
decisions on scientific and technical infor-
mation issues seem all too often to be made
lndependently of R&D pohcy decisions. R&D
policymakers should be encouraged to
recognize and pursue their interests in
scientific and techmcal mformatlon issuies.

{5) Provide a forum for continuing dis-

cussions among partxes with different view-

points and interests in scientific and technical .

information policy. Apart from the other

suggestions contained here; it would appear
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that if real Biééfééé ié to made in Féééliﬁﬁé

mation policy; many organizations and
individuals with widely differing viewpoints
will need to SiiBbidiﬁéié conflicting interests

interest. An important step in Ihls dlrectlon
would be the establishment of a setting for
initiating and maintaining discussions among
these parties and a mechanism for assuring
that the policy process is informed by the
resulis of these discussions.

o

6.
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that if real Biééiééé ié to made in Féééli}iﬁé

mation policy; many organizations and
individuals with widely differing viewpoints
will need to subordinate contflicting interests
and act on the basis of larger common
interest. An important step in this direction
would be the establishment of a setting for
initiating and maintaining discussions among
these parties and a mechanism for assuring
that the policy process is informed by the
resulis of these discussions.
‘ o
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FCC felt the Act mandated_it to protect
existing_service; which by definition {since
the FCC_was on the job) served the public
interest. This often meant a_cautious and
éi)éh hégatii)é attitijdé toward an'y’ technical
health of current,broadcasters Servrces that
coiild have provided additionial outlets for
television, causing no interference and
ameliorating scarcity to some degree, were
hampered by regulatory restrictions. The
regulatory environment in turn dampened
investment and innovation. The FCC’s plan
for allocation of Very ngh Frequency {VHF)

and Ultrahigh Frequency (UHF) channels

to television stations wound up discourag-

ing the formation of more than three national

networks: Severe restrictions on the broad-
cast signals that cable systems could carry
and on the markets they could serve; strict
and expensive specifications for satellite
receiving stations; and limitations on pay
television held back the growth of cable {17;
see also 4; and 18: 11-16)..

These regulations may have protected
the profits and services of existing broad-
casters. But, by the 1970s, it had become
increasingly cléar that techriology Was leapirig
beyond the old assumptions. Scarcity did
not seem inevitable. New outlets for video
telecommiunications were imakirig it possible
to envision a genuine competitive video
marketplace to replace Goverinmerit-regu-
lated scarcity. Influential scholarly and
pol|t1cal analyses of the banes of overregu-
:ation began appearing (29; 31), reinforcing
the perception that a market approach was

both feasible and preferable. Deregulation

in such areas as trucking and airline travel

enhanced its acceptability among com-

munications pollcymakers

Prompted by these developments; the

FCC began to question the assumptions

and loosen the bonds. The process of
deregulation continues. Precisely where it
should apply; and where regulation should
be enforced or modified, is the major ques-
tion this paper addresses.

The Geostationary Satellite and the
New Abundance. Although it is impossible
to identify all the technical developments

that undermined the persuasiveness of the

scarcity assumption; probably the most sig-
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nificanit Was the proliferaticn of geostationary
earth satellites. Perched 22,300 miles above
the Equator these srnall machines receive

retransmit them to parabohc drsh antennas
located across wide regions (a time zone or

two) (see 33 for a description of satellite
technology) They are row relatively inex-

pensive to build, launch; and operate (26:

219.23): As more were put into orbit, more

channels became available at progressi-ely

lower cost: This allowed television network-

ing at a price significantly lower than that

of the prewously used land relays. Home
cable service with 9 mrlllon subscribers l7l.
was the first to utilize the potential. It began
feeding movies to cable systems via satellite.
At first, HBO was hampered by FCC regu-
latlbﬁs Whéﬁ tl‘lé Corﬁrﬁissibh dt‘bi:ijjéd

lt is dlfflcult to overstate the magmtude
of change: the Uriited States went from four
television networks in 1977 to some 50 in
just 5 years. Perhaps 15 of these reach sig-
riificarit numbers of sibscribers. With few
exceptioris, the cable networks currently
reach miuch smaller audiences than the TV
networks many of the cable networks Wlll

‘not survive the decade. Indeed, the premier

cultural network; CBS Cable; shut down in

December 1982 Still, the new networks are

profoundiy changing video telecommuni-

cations: Simultaneously; cable and other
new dellvery systems are creating capabili-
ties besides mere relaying of entertainment.

The Current Market and the

New Competitors

Broadcast Television. The core of video
media reriains the three commiercial broad-
cast networks and their affiliates. There are
about 610 stations associated with the three
commercial networks, some 260 pUbllC
television licensees, and 155 1ndependent
commiercial stations. The mdustry had more
than $8 billion in revenue in 1979; over

half of which went to the three networks

and the five VHF stations that each owns
and operates (40: 283). Over-the-air tele-

vision continues to garner by far the most
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viewers and revenues. But its audience share
is declining as the newer services expand.
Cable Television. As of 1981; there
were some 4,350 cable systems with total
revenues exceeding $1.7 billion (only about
one-fifth of broadcast television’s) (40: 291).
Cable began as a rural service providing
clear television signals to townsfolk beyond
the reach of big-city broadcasters, As late
as 1969, there were only 3.1 million sub-
scribers. By October 1982, basic cable sub-
scription had risen to 27 million—about
one in three of households with television.
Pay cable services (premium programming
such ¢~ that offered by HBO fotr an extra
monthly fee) are taken by nearly one in
five TV households (7). These figures shoild
continue to grow rapidly, especially since
most of the Nation's largest cities are still
in the process of being wired and several

(Detroit; Baltimore; Washmgton Chlcago

and New York's four outer boroughs) have

barely begun. )
Cable servnce is organized into “basic”

and “pay” services: Basnc includes broad-

cast stations; automated services providing

readouts of time; stock quotes; headlines;
and weather; channels for locally originated
shows; and a choice among some three
dozen satellite networks. The networks eam
revenues from advertisers and some charge
cable operators small fees (1 20¢/subscnber/
month). Among these are one “cultural”

service, two aimed at women, one specializ-
ing in black affairs and ciilture, two headline
news services and two more in-depth public
affairs chanrel., two emphasizing spotts,
one for chxldren and another for teenage
music afficionados. Basic service averaged
about $7.69 per month in 1980 (14: 1).
About a dozen pay services, which are pro-

vided for additional monthly fees averaging
$8.73 per month (14: 1), emphasize fairly

recent movies; Broadway shows, and Las

Vegas-type entertainment shown without
commercials:

The older cable éyéieﬁé—éflll one-half or
channels Advances in cable technology
now make it possible to provide 54 chan-
nels on a single cable; and systems using
dual cable offer up to 108.
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Besides entertainment and news, these
newest systems promise to offer an array
of_services that bring the widely heralded
information age to fruition. The basic tech-
nical innovation is the microprocessor. The
siicon chip er..bles the cable to go two-
way—essentially installing small computers
at the subscriber’s end and a larger computer
at the system end. Central computers might
be linked in turn to computers run by banks,
newspapers and other data bases, mer-
chandisers, and security alarm services.
Shopping and ‘bariking at homie, electronic
newspapers, interactive information retrieval,
and home and business security are pro-
vided on some cable systerms. In addmon
cable can be used to hook up institutions
and businesses for high-speed, high-volume

data transmission as well as teleconferenc

ing: Such a network has existed in Manhattan

for 8 years: All of this can be done much

less expensively than by telephone because

of the larger frequency capacity of coaxial
cable compared to traditional uses of the
twisted pair of copper telephone wires. Half-
inch coaxial cable can handle as much
information as 30,000 twisted pairs (26:
327-37).

All the channels cable oflers may be sup-
plemented by several other infant or about-
to-be-launched services.

the FCC also relaxed 1ls restnctxons on sub

a scrambled signal over one channel and
rents the descrambler for $20-25 per month.
The fare is similar to that of | pay cable. As
of September 1981, there were estimated
to be 1.4 million subscribers {41). The future
of STV is problematic. Where cable is avail-
able, consumers can purchase basic cable
service and one or two pay channels for the
price of one STV channel.

Multipomt Distribution Service. Mul-
tipoint Distribution Service (MDS) uses an

omnidirectional microwave transmission for

one channel of commercial-free premium

entertainment: Most MDS systems offer

HBO or other cablelike services for about
$20/month: There are 400,000 MDS sub-

scribers currently; with a projection of 1:4
million by 1985 {40): 303). Althou:sh one-
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channel service would appear little compe-
tition to cable, the FCC has authorized five-
channel MDS. [f five channels with high-grade
offerings were priced below or with cable,
MDS coiild i:ii‘bUé a Uigdi‘dus cornpetitor.
has authorized a new service that will em-
ploy satellites broadcasting directly to homes
equipped with small {under 1 meter]} re-
ceiving_dishes. The equipment will cost
$200-500, with a monthly charge of $20
for three or four channels. The nascent
industry is explxcrtly targeting those homes
likely to be beyond the reach of cable (19).
The Direct Broadcast Satelllte (DBS) serice
should begin by 1984.

Low-Power Television. The FCC has also
authorized a low-power television station
service {LPTV) and is currently processing
several thousand applications. Tiiough using
a fraction of the power of full service sta-
tions {thus avoiding interference) the typical
LPTV operation could cover a radius of 12-
l,5,:rﬁilés,:én’o'ugh to serve WéShingtdh,
D.C..and 'ma'n'y' bf ité CloééréintirbS eqiip

(16: 80 25) )

The authorization of LPTV illustrates
changes in Commlsslon thmklng that are
helping to stimulate abunidance. The FCC
staff report recommends that “‘consumers
should be able to take full advantage of the
technologies available in the marketplace
under the presumption that competmon will

best serve the interests of the publrc (16:

182}): Far from regarding competition as a

threat to the public interest the FCC staff

report holds it to be the best way to achieve
the public interest.

In accepting these recommendations. the
Commission was influenced by technological
changes. The cost of production equipment
has decreased significantly. due in part to
the drop in the price of microprocessors.
Those compaonents have also increased
equipment reliability and diminished the
danger of interference. Simultaneously, the
héW évéilébllily 6f ihékpéhéivé §étélllté
posslblllty of forn’n’ng nat,l,on,alnetworks of
the low-power stations (25: 39:58).

A Note on Telephone and Other Media.
Space limitations preclude consideration of
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equally epochal alterations of the telephone,
computer, and radio branches of telecom-
munications: also omitted are videodiscs
and videocasseties. Lines between the tech-
nologies grow less and less distinct, however,
and developments in these areas will ulti-
mately affect television and cable.

The telephone 1ndustry will alter in espe-
clally dramatlc fashion as a resuilt of recent
antitruist ruhngs AT&T will no longer provrde
local phone service. It will instead expand
from long drstance service and equipment
provisnon into information and computing

services. In all these markets; AT&T Wlll

face increasing competition. The company

is not llkely to become active in the video

field in the near future: ekcept perhaps in
delivering data to be displayed on TV screens
{teletext or videotext}: In the longer term:;
AT&T and its telephone competitors may
well nurture new technologies that compete
more directly with cable and broadcast video.
but these are not predictable now.

Emerging Polizy Issues
and Options

The rise of the competitive video systems
is the major fact of life for the three com-
mercial networks and for public television.
Growing competition is the driving force
behind virtually all of the legal and regu-
latory issues and initiatives that pervade
broadcasting {see 28). Only cable and broad-
casting now pose significant competitive
threats to each other. but all the alterna-
tives figure in current policy debates and
industry planning. Underlying most policy
issues in both cable aiid broadcasting. in
fact. is orie central guestion: Just how vibrant
is the competition between them? For
representatives of each |ndustry the strength
of the other provrdes the sustaining theme
to calls for deregulatlon With cable systems

offermg dozens of outlets, broadcasters say

channels are no longer scarce. rer .oving

the need for regulations based on scarcity:

For cable operators; the continuing popu-

larity (and wealth) of broadcast networks

provides a competmve check preventing
abuses of the cable system’s local monopoly.

The transition from a regulated and rela-
tively uncompetitive video market with a
handful of channels to competition and
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abundanice is raising four interrelated sets
of issues:

* How should pan?zcrpatron in the video

marketplace be regulated’ This issue

includes Government llcensmg and

franchising and technical standard-
setting:
How should the video content—the
entertainment and information mes-
sages themselves—be regulated? This
issue includes questions about ensuring
balance and diversity in broadcasting
and cablecasting.
What policies will best ensure that a
truly competitive video market emerges
and persists? This problem encompasses
regulating cross-ownership and joint
ventures among media corporations
and ensuring programmers’ access to
~ New oiitlets.

* What dangers to democratlc nghts and
assumptions are posed by the tele-
communications revolution? The two
matters of greatest slgmflcance here

possibility of an information gap opening
up between rich and poor:

These will be the subjects of the remainder

of this paper:

Participation in the Video
Marketplace

The arguments for deregulatlon of entry
and exit—for extendlng license or franchise

terms indefinitely—are based largely on the

increasing competition between broadcast

and cable television: Limited license and

franchise terms were designed to subject

perforrnance to evaluation every few years.

Some argue the effect has instead been to

discourage efficient investment:

Television License Terms. Although;in
practice, television licenses are virtually
never revoked; the need to face the Commis-
sion triennially was felt by some to have
induced more cooperation with viewer
groups_and thus better service. Now; the
deregulation advocates argue; competition
from other video providers creatés an
incentive for high-quality performance by
licensees. Besides, they say, since the Com-
mission hardly ever revokes, renewal paper-
work redices to little more than an expen-
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sive ritual. Apparently buying that argurrient,
to 5 years in 1981, and the FCC Chalrman
appears arrenable to extensions that would
essentially create a private property right
in licenses. Goverrimient renewal Wotild not
be niecessary and current restrictions on
buylng and selllng station llcenses would be
lifted. Market entry and exit would be left
to the market

Agreements. Regulatnon of participation
in the cable market has been quite different.
Wlth few exceptions. most of the regulation
is perforimed by State and local govemments.
The FCC has discontiriued most of its cable
regulations. Municipalities negotiate 15-20
gear franchise agreements with cable com-
panies, Wl‘llCl‘l they (sometimes wrth a State
agency) oversee and enforce. Not surss-

ingly, the industry confronts a set of demarids

and strictures that varies widely from locale

to locale: Citing the competition they face

from broadcasters and other technologies,

deregulation advocates have requested
national legislation to codify and limit the
jurisdiction. of local governments
Commerce, ,Commlttee ln,..luly, 1982. A
similar bill, 5.66, was passed by the Senata
in 1983. Perhaps the most controversial pro-
vision i§ the requirement that cities renew
the franchise agreement upon showing of
reasonable compliance With its provisions.
Fractious renewal negotiations have alarmed
the 1ndustry lndustry members feel small

makmg unreasonable demands at renewal
time for totally new 108-channel state- of-
the-art systems They feel these are not

good investrments outslde densely populated

metropolises (and perhaps not even there).
Broadcasters; MDS; STV, DBS; and the rest
face no such close controls on investment:
The Senate bill; they claim; will allow all
the video idroi)lders to* compete 66 a ié've’i
essence, give cable operators indefinite local
licenses of the sort television stations are
also seeking.

City governments; with experience in
negotiating and administering franchise
agreements, point to studies showing virtually
no franchise renewals denied. Like the
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advocates of continued FCC broadcast
licensing; they argue nonetheless that the
honest in a way the marketplace snmply
cannot (see 39). The National Cable Tele-
vision Association (NCTA) will certainly
continue to seek deregulation.

Governiment Standards Versus Market
Reliance. On FCC standards, Christopher
Sterling has writt’e'n' “Far decades the

developed potentnally competitive standards
for & given spectrum-using service and then;
under FCC guidance, comparatively testad

them:. Based upon the results::.the FCC

would then decide which transmission

standard best served the public interest::::

(37: 138). Now, however, the introduction

n

of competlng new technologies has been
so rapid “as to defy careful policy consid-
eration:” (37: 139). In addition, budget cuts
at the FCC have severely limited its ability
to engage in the complicated process of
standard development. And, with proliferating
market alternatives; many question the need
fdr vaemment tci 'm'éké detailed prdclama3

The FCCs seems to be mowng away from
setting standards on the assumption that
standards decrease the speed and raise the
cost of establishing an innovation in the
marketplace The FCC'’s recent dec1slon not
to set a standard for stereo AM radio re-
flected, in part, this belief. Critics have argued
that -the effect could be just the opposite,
however Because of the inevitable period
of competition among alternatives; all but

one presumably becomes obsolete: That

dnscourages investment. Opponents also

assert that antitrust rulings limit the ablllty

of private manufacturers to set their own

standards; that large radio manufacturers
and not individual consumers will make the
ultimate selection; and that the period of
competition will allow foreign manufacturers
to gain a foothold {37).

Deregulation advocates counter that there
is no clear evidence for any of these claims.
In addition: in some uses setting standards
would have negative effects on specific
population groups. Existing low-power tele-
ViSibn étanda*dé fdr ékample ctmld price
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and urban minonty audiences who are sup-
posed to be prime beneficiaries of the service
{37: 144), Finally, the inevitable problem
with standards is that they may rigidly shut
sut future technical innovations. One sug-
gestion has been to enforce a standard for
a few years to allow the technology to take
hold. and then “sunset” the rules. If any
superior techniques arise, they are then
allowed to participate and succeed or fail
in marketplace competltlon agairist the old
standard. The debate is likely to continue,
with stereo televnsxon transmission standards
loommg as a major test of whether the
Commnssnon will bow to the pressures of

thoserwho want it to set standards to speed

innovative market entry, or will stay the
deregulatory cotirse (36: see also 38 and
42: 83-86 on videotext standards). In either
case; the relatively slow pace of FCC de-
liberation contrasts sharply with the hyper-
activity of communications technology. The
FCC will likely lag behind technological
developments for some time to come—
yet another argument for thoroughgoing
deregiilation.

Content Regulation

There can be no doibt that cable has greatly
reduced scarcity of channels forits 27 miillion
subsciibers. But that fact in and of |tself
does not answer the toncerns ofthose who
favor continued “public interest” regulation
of video content. Rlsmg competltlon between
cable and broadcast television does not

guarantee accomplishment of the original

goals of content regulation:

“Fairness” of Telecasting: Severalrules
designed to promote public enlightenment
regulate the content of telecasts. Among
these the most contested is probably. the
Faimess Doctrine {13). The dochine stipulates
that stations must devote time to controversial
issues and must offer reasonable opportunity
for the discussion of contrasting views on
them. Many observers believe the effect of
this rule is to discourage issue programming.
Stations fear any controversial view they show

" will subject them to demands for time from

opponents, or complaints to the FCC if they
deny requests for access (30; 31). Public
interest groups counter: If the FCC vigorously
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advocates of continued FCC broadcast
licensing; they argue nonetheless that the
honest in a way the marketplace snmply
cannot (see 39). The National Cable Tele-
vision Association (NCTA) will certainly
continue to seek deregulation.

Governiment Standards Versus Market
Reliance. On FCC standards, Christopher
Sterling has writt’e'n' “Far decades the

developed potentnally competitive standards
for & given spectrum-using service and then;
under FCC guidance, comparatively testad

them:. Based upon the results::.the FCC

would then decide which transmission

standard best served the public interest::::

(37: 138). Now, however, the introduction

n

of competlng new technologies has been
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eration:” (37: 139). In addition, budget cuts
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fdr vaemment tci 'm'éké detailed prdclama3
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and diversity. More important; the eco-
nomic fature of cable networks is far from
guaranteed:

If; after a shakedown period, only a handful
of basic; mass-targeted; ad-supported cable
networks survive along with a few pay
services, the market will be less abundant
than promised. Serving narrower interest
audiences, as cable was supposed to do,
may simply turn out to be a bad investment.
Kay Koplovitz. president of the ad-supported
USA cable network. believes that “the eco-
nomics are Very toiigh for namrowcasting,
and the narrower the programimiing the
tougher it gets™ (11: 60). A major economic
stiidy released in September 1982 predlcted
only 8-10 viable ad-supported cable networks
by 1985 (22).

Beyond this question is the potential

problem of channel scarcity. Several pay

and basic networks started up in 1983;

including a Disney channel and a country
music service. A substantial proportion
(upwards of 50 percent) of systems—those
with 12 or fewer channels—will not have
the capacity to carry them. Even some rela-
tively new 36-channel systems are full.
. Of course. more optimistic scenarios can
be constructed. And the benéfits of a half
dozen or dozen new networks, even if mass-
targeted. should not be gainsaid. The ques-
tion remains whether the market as it is likely
to emerge actually will serve the same ends as
FCC regulationi was desigried to do. Will
diverse views flower? Local programming?
Palitical debate? What should be dorie if
the market fails and if we remain skeptical
about moving back toward a more heavily
intrusive FCC (see 21)?

Orie option is to abandon the goals them-
selves as unrealistic. Another option is to

rely upon the new videotext services; more

attuned to information than entertainment;

to multiply the access of citizens to wide-

ranging information: The competitive re-

sponse of the newspaper mdustxy to videotext
may enliven them both. Indeed a reasonable
scenario may be substantial competition in
video mass entertainment via broadcast,
cable; and the technologies aborning: and
competition in information provisicn via
videotext. newspaper, magazines. and books.
While less than the nirvana of competitive
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abundance some envision; this system would
offer significantly more than the present
regulated market.

19705, the FCC appeared to be mf\vmg
away from content regulation but toward
étricter 'o'vers’i'gh't bf rﬁarket structure With a
combmatlons of media entities. By 1982
that teridericy had all but dlsappeared
Deregulatlon in this area too is a clear goal
of the Commission majorltg

Current restrictions on ownership take

several forms. Single entities are not allowed
to own more than éé'v'éﬁ television stations
{a maximum of five can be VHF} (47 C.F.R.
73.636(b)); Television stations cannot own

cable systems or newspapers located in the
same area (with some ‘‘grandfathered™i

exceptions); nor can the TV networts 6Wh
cable companies; although this restriction is
one of those in process of abolition {1: 35:36).
The FCC places no limit on the number of
cable systems a Single entity can own and
common ownershlp wrth,a,newspaper. Pro
p"o’heh'té 'o'f furth’er deregulati'o'rt ask precisely
televnslon stations and other media? Com
pared to many industries. television station
and cable ownershlp are far from concen-
trated. Economies of scale might well improve

the service offered by those independent

l'V stations andor cable systems absorbed

into large conglomerates (see 17).

On the other side stand those fearful of

the concenttatlon of political power that might

accompany large-scale acquisition and
merging: Those who favor continued FCC
regulation also point to numerous potential
abuses by cross-owned newspapers, television
stations; and cable systems, whether in setting
advertising rates or covering local issues and
campaigns. These possibilities, they feel, are
not necessarily susceptible to cure by com-
petition from other media outlets. Regulation
proponents further base their legal case on
the “Associated Press pririciple” (326 U.S.
1 {1945))—that the underlying assumption
of the First Amendimenit is that the American
people will receive irnformation from diverse
and antagonistic soufces.
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Some complex interactions between ef-
ficient investment and innovation make
choosing policy quite difficult: The established
TV networks have alf been moving vigorously
into the new technalogies, If; as some suggest,
this entrance should be foreclosed; CBS,; et
al., might be doomed to stagnant profits at
best, bankruptcy at worst. Keeping the
networks out of cable, MDS, DBS, and the
rest would prevent them from responding
fully to the évolving market. On the other
hand, by letting them into joint ventures in
cable program prodiction or direct ownership
of cable systemns, the Governiient risks
anhcompetmve behavior as well as wolahon of
the “Associated Press pnncnple

Deregulaﬁcm advocates appear conﬁdent
that the burgeoning marketplace would
indeed preveiit transgressions, that the Anti-

trust Division of the Justice Department will

be on guard; and that private antitrust suits

will be effective enforcers of competition: In

apparent agreement; the FCC has been

moving quite forcefully toward deregulation

of ownership restrictions: Congress has not
yet spoken on the issue.

sentative fear of those who endorse con-
tinued ownership oversight is that local cable
systerns may becorme bottlenecks that block
program and service providers who desire
access to subscribers. The barriers may result
from vertical integration, where one company
has an interest both in the system and in
program services. Such integration is com-
mon. American Television and Communica-
tions (ATC), the largest cable system operator,
for example, is owried by the same corporate
parerit as Horrie Box Office: Time Ihc. While
HBO is offered on essentially every ATC
system its competitors are offered on only
a few.

There are numerous tie-ins of this sort

between program supphers and cable sys-

tems. in addltton many cable progratr
networks are joint ventures between two or

more cable system operators. Such networks

may gain easy access to their parent corpora-

tions’ cable systems: With a continued short-

age of open channels on most systems; cable

programmers who are not related to cable
operating corporations may be shut out:

One solution proposed for bottlenecks is
mandatory leased access: setting aside a

portion of each system’s channels as open

to the highest bidder. The cable industry

strenuously opposes such ideas: With some

reason; it fears enforcement of leasnng
requirements would lead to treatment of
cable as a public utility; with ail of its well-
known inefficiencies. Other alternatives have
been proposed tfor example; separated
subsidiaries or compulsory arbitration). Most
believe that required leasing or other forms
of access could be mandated only with close
oversight of rates and leasing practices. The
costs ol such an apparatus may outweigh
any benefits of unclogging the bottleneck
(see 5). A preferable alternative may be
reliance upon private antitrust suits, where
courts can impose treble-damage settlements
on anticomipetitive firmis.

Protecting the Rights of Individiials
In the glow of enthusiasm over the new age
of multifaceted information; two central issues
of individual rights will not be overlooked.
The first is privacy; the second is a potential
information gap.

Privacy and the Nature of Two-Way

Cable. The privacy problem exists in direct

proportion to the enormous potential of

two-way interactive cable: Essentially unlim-
ited amounts of information can be stored
in computers and transmitted via cable:
Videotext subscribers can send orders to the
computer for specific items—from news
reports to recipes to book chapters and much
more (see 23). The same marriage of com-
puter and two-way capability enables cable
systems to conduct instant polls including
the widely publicized “Qube” polls on some
Warner-Amex systems; banking and shop-
ping at hoiiie; and “pay-pet-vieWw" showings
of first run movies and prnize fights.

The computers for these interactive sys-
fems then will collect detailed information
on program preferences, finances, shopping
habits; and political opinions of subscribers.

These data would be enormously valuable

to merchandisers; political candidates, em-

ployers, credit raters, and; conceivably, public

officials ferreting out dissidents: Cable

operators will be under considerable eco-
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nomic or political pressiire to sell or share
these valuahle data. Individual cable systemn
employees may be sub]ect to blandlshments

mation aboit a specific individual (perhaps
a candidate). Legal action may be brought

to bear by pohce forces or partles to lawsuits

to force the release of data: As compater

networks Jecome mcreasmgly intertwined

and interdeps ident, the damage that mis-

takes or lncomplete entries might do to an

mdlmdual s credit rating or job prospects

increases—as does the difficulty of discov-

ering or erasing an error (see 42).

Government regulations already cover

credit rating services; although they might
not cover all the contingencies raised by the
new technologies. Local cable franchise
agreements often include provisions for
privacy protection. Wamer-Amex, the owner
of Qube, has its own voluntary code of good
practices. Local oversight and voluntary self-

- regulation -may prove sufficient.

Yet one aspect of the dilemma is that
violations of policy are difficult to detect.
Computers will be exchanging information
with each other and may not leave an easy
trail for privacy guardians to follow. Another
difficiilty is that the conceptual l|ne between
legitimate uses of the data, say lnassessnng
credit reliability, and forbidden uses mayg not
be easy to draw.

Possible Ameliorating Factors. Video-
text is in the earliest stages of development.
It may never become widespread. To the

degree it is not; pnvacy concerns recede.
Currently the cost is qu1te hlgh—$10 for

CompuServe data base(whrch 1ncludes the

Washington Post and other h’éusp'apé'rs) (8)

short of projectlons, (38). o

A second force that may protect privacy
He same technology that threatens it.

criber signals could contain codes that
2 their ldentlty or caiise automatlc

from the central computer's memory.

rotections could be mandated by

masomn., 2nforced if built into the computer

weoww  and software: Then the Issue will
- o polltrcal one: which data should

wm e, ected and which should be open
ercial exploitation? This is likely
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to be an |ssue for some time. In some ways

the battle lines will resemble those between

ecological conservatinnists and developers:

An Information Gap? A second policy

concern is the poss|ble development or

cmzenry If cable and network television offer
more entertainment choices than ever before;
and videotext and other forms of two-way
cable remain expensive, two classes could
arise. One group would be even more
attracted to and dependent upon television
entertainment than is already common.
Another, much smaller segment would have
an expanding world of information at its
call. Only for a small group who could afford it
would the competitive video marketplace
be fully implemented. For the rest—those
living in rural areas beyond the reach of
cable. or families unable to commit $50 or
more per month to v1deo—there would
perhaps be some more entertainment chan-
nels, but visions of an efflorescing world of
competing ideas and alternatives would
simply not Vpertam

This seems an undesirable outcome; but
policy solutions are elusive: “Electronic
information stamps” or tax credits could be
offered to the poorer classes in recognition
of the inherent right {or democratic desira-
bility) of all citizens to have equitable access
to information. A universal service doctrine
could be implemented in cable as it was for
t'e’lép’h’bhé éen)ice Whéré bu%inéﬁé ahd 'u'r’o'a'n

upper class),users paid h,lgher rates to keep
rural and urban local calling inexpensive.
But even if such policies were imple-
mented—and they wotild be costly—citizens
could not be requnred to seek or use infor-
mation (8) Nor could they be prevented
from seeking gratiflcatlon in entertainment:

The information gap could arise whatever

policies are attempted. Debate over this

problem may come to replace the well-wom
arguments over television'’s encouragement of
violence and debasement of reading skills

(see 12: 32).
Conclusions

The video télé'cdrﬁ'mum'catiohs industry is
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unmoving are now progressing rapidly.
And assumpttons and policies that once

seemed sacrosanct are now vigorously

debated—and altered: Indeed the regula-

tion of telecommaunications is now changlng

almost as rapnd!y as the technology of
telecommunications: -
Though by no means certain; the most

hkely legal and regulatory scenario for the
rest of this decade is a shift in both the
substantive focus and the locale of the video
regulatory action. From a concern with
licensing standards and regulation of content;
the emphasis will move toward maintaining
a competitive market structure—and deciding
just how freely competitive the market should
be. In particular, the policy debates and
directives will be in the realm of antitrust.
Telecommumcanons players will attempt to
protect competitive positions, sometimes by
limiting competition. And they will oppose
as anticompetitive those actions and actors

" they perceive as threatening their growth.

As a concomitant, the scenes of greatest

reguletory activity will switch from the FCC

to the Congress and courtrooms. The Com-

mission will be relegated to increasingly
technical {though hardly apolitical) matters
of standard-setting:

On the question of regulation of entry
and participation in the marketplace: it
appears Government will remain involved
but to a lesser degree. A cautious attitude
toward new entrants will be replaced by a
warmer welcome. Setting technical standards
for entry may remain a major FCC function.
Bt even here the Commission has recently
evinced a distaste for intervention.

Debate aboit corntent regulation will center
in the near term on the advisability of
overseeing broadcast tele\"/is'i'on ln the slightly

Fee content regulatlon of TV will be ehm-

inated de facto if not de jure, and that few

rules will be applied to cable and the ermerg-
ing video media: -

The matter of maintaining a competitive
marketplace will probably become increas-

keteers for wholly hands-off government
notwithstanding. For many years; the estab-
lished members of the telecommunications
industry enjoyed a quiet; quasimonopolistic
existence, where each respected the other’s

ik |

H‘\\

turf. Now, conflicts between telecommuni-
cations companies in the legislature and
courtroom may grow more intense as poten-
tial competition and stakes in the market
grow. For example, the NCTA recently
announced that it may seek legislative pro-
tection from the entrance of AT&T into the

video and videotext markets (27).
lndlwduals nghts to privacy and to infor-

mation access will ermerge as major concerms

for some groups. This area may generate

the most publicized controversy, the most

philosophically puzling implications, and the

least definitive solutions: The FCC will have

fittle role here: the Congress and courts will

be the arbiters of any policy that emerges.

Government officials who make the final

pohcy declsnons wﬂl be wexghmg complex

md,u,s,try contnbutlng substantially to a
revivified American economy.
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Abstract

Office automation and communication technologies have just begun to penetrate the U.S.

market. They promise dramatic gains in productivity in the service sector of the economy

and equally dramatic gains in the productivity of individual firms and agencies. The promise

of productivity gains from office automation comes at a time when the U.S. economy is

shifting from a manufacturing to a service base and is experiencing an associated decline i

productivity growth rate. Because the expected promise of the new office automation

technology has not yet been realized, several issues confront policymakers in both public

and private institutions. This paper describes the new technology and some of the reasons

that have been offered for its unexpectedly slow acceptance in the marketplace; anticipates

some of the implications the new technology has for the nature and organtzation of office

work in the future, and offers some thoughts on the broader societal consequences of office

automation. Different problems and policy issues arise, depending upon whether the new

technology will be accepted rapidly or slowly. The paper identifies these problems and

discusses actions that couid be taken by industry, Government, educational institutions; and

others to address them.

Introduction

Context of the Problem

In the office of the present, routine functions
such as payroll, billing, inventory, and ac:
counting are carried out by computer. In
the office of the future, an enormously
expanded range of fiinctions will Very proba-
bly be carried out by computer and linked
via communications networks. In some

scenarios; no “office” per se exists; office
functions are performed by machines and
human operators without close proximity
to one another. One familiar technology in
the office of the future will be word proc-
essing. In the future, documents will fre-
quently be typed in one location and pro-

duced automatically at another. Processors
themselves will have substantial stand-alone

with one another. Many printing shops will
be replaced by “reprographics” installations
using computerized typesetters, video data
terminals for photo composition; and high-
speed, non-impact printers. Computer output
will be stored directly on microfilm or other
recording miedia. Face-to-face meetings will
give way to teleconferencing. All internal
correspondenice will be handled electronically,
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organizations, and all these technologies will
be interconnected Via telecommunications.

~ These riew capabilities mean that the office
of the fiitiire will have to be crganized and
managed very differently from the present:

Hierarchical levels can be eliminated,

spans of control extended, middle man-
agement personnel utilized more effec-
tively, better coordination introduced in
responding to changing business condi-
tions, etc. Thus, the Office of the Future
concept is not just the automated office
or the electronic office; rather, it is one
in which new technologies give senior

management the opportunity to consider
entirely new approaches as to how best
eniterprise.

Together, these technological, organiza-

tional, and managerial changes promise
dramatic increases in productivity in non-
manufacttiring sectors of the U:S: economy:
They will occur as the economy undergoes

profound changes that began early in the

era. In 1900, only about 25 percent of the
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U.S. labor force was composed of white-collar
and service workers, with the bulk of workers

than 60 percent of the labor force was
workmg in white-collar and service ]ObS with
only @ decreasing minority of workers em-
ploved as blue-collar and farm workers. As
the whlte collar workforce has grown dunng
the past 30 years, pamcularly rapid expansion
has been oceurring in three job categories:

professional and technical workers, clerical

workers, and managers and administrators:2

These trends are expected to continue
through the 1980s and beyond.

A central feature of the contemporary
employment setting is the emergence of
information handling as the major task

among workers:

Gradually and almost lmperceptlbly, the
U.S. economy since 1940 has been en-
gaged in a transformation that is unique

in the history of mankind: By the mid-

1950s our working population was pre-

dominantly engaged in information

handling: more people were involved in
the manipulation of information than
were employed in mining, growing crops,
raising cattle; manufactunng goods;. or
providing personal services. The “infor-
mation society” became in fact a proper
expression of predominant societal
characteristics.”

Those whose work contributes to the infor-
mation economy include professlonal and
techmcal workers, managers and admln-

istrators (the two classifications together are

sometimes labelled “knowledge workers,”

despite the fact that managers “handle” most

information orally); and clerical workers who

support them: As the passage into the

postindustrial era becomes more complete;
the number of knowledge workers is expected
to grow much more rapidly than the work-
force average. Despite the massive intro-
duction of electronic data processing equip-
ment, some observers argue that clerical
workers will not be displaced by computers
and that many clerical jobs will evolve into
different kinds of support positions in closer
symbiosis with knowledge workers. Others
argue that the new computer technologies
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will eliminate many clerical jobs (held pri-
manily by wormen) and create positions paying
only the minimum wage.?

Policy Aspects of the Problem

A key problem in the information economy

is how ti> 1dentlfy obtain; and manipulate

needed information effectively and efficiently.

The explosive growth of the information

processing industry since 1950, which ac-

companied the labor force shifts just de-

scribed; created expectations of swift and

easy solutions tQ this problem and of con-
comitant increases in productivity in these
growing sectors of the economy. However;
the expectations have been largely unfulfilled,
with U.S. productivity growth actually de-
clining. Indeed; U.S. labor productivity for
all industries is increasing more slowly than
in most other industrial nations, and growth
in labor productivity in ‘the private sector
peaked in the mid-1960s.5 Ever motre power-
ful information processing techriology still
appears to offer promiise of greatly increased
prodiictivity growth in the postindustrial
United States, but current trends suggest
that there is, and will continue to be for
sorme time, a gap between expectations and

reality. As Strassmann puts it:

Clearly there is something amiss if divert:
ing workers from industries with high
productivity and effective use of capital—
such as agriculture, mining, manufac-
turing, and utilities—into overhead jobs
in business and government fails to in-
crease aggredate economiic performarice
as measured by accepted economic
indicators.

This | paper describes the new computer
and communication technologies that
promise greatly enhanced productivity in
white-collar and service work, examines some
of the factors that facilitate and inhibit the
introduction of these new technologies into
the workplace, and sigdgests somie actions
that might be taken by industry, users, and
Govermniment to overcorie bairiers to realizing
more coripletely the potentlal of the new
technologies. In addressing these topics, a

brief overview of the technological potential

of devices and systems (for example; micro-
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computers teleconferencing; electronic

mail) is provided: the question of whether

introduction of the new technologies is

technology-driven or user-driven is examined:

some of the major implications of the new
technologles for human- machlne lnterachon
action are identified; and some of the broader
societal implications of the new technologies
are suggested. Although the scope of the
paper includes communications technology.
the focus is on office automation, particularly
on compuiters.

In the United States in 1980, miote than
half of those employed worked in an office.
There are many organizations, stich as bariks
and insurance compames where almost
everybody is an “office” worker. In manu-
facturing, retailing, mining, and other basic
industries; office workers constitute less than
50 percent cf the workforce. Nevertheless,

even in these lnddstnes the percentage of

office workers is increasing, and the intro-

duction of robotics may cause the percentage

to soar as production workers are displaced

by automation. As the proportion of staff
devoted to information exchange grows; pro-
ductivity gains will have to.come from the
bulk of the people who work, the office staff.
According to one estimate, 60 percent of
the $1.3 trillion paid for wages; salaries; and
benefits in the United States in 1980 went
to office workers.” The enormous proportion
and amount of money paid to office workers
will be a substantial, increasing incentive for
industry to substitute capital for labor by
automating the office. Furthermore, the
capital to labor cost ratio in offices is currenitly
estimated to be between ore- -terith and one-
twentieth of that in hlghly productwe man-
ufacturing Industries, with the cost of office

automation equipment actually falling. Given

this it seems that lntroducmg information

processing equipment into the office woald

produce dramatic productivity gains: Man-
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ufacturers argue that business should find it
v1rtually irresistible to substitute machine

power for human labor. Nevertheless, the

link between lncreased use of computers

and communication equlpment in the office

and enhanced office productivity is not as

direct as these arguments suggest:

One reason the linkage is; at best; indirect is

that the appropriate level of aggregation—
that is; the unit of output—by which white
collar. productivity should be measured is
not clear. Productivity changes measured
at the national level tell us little about which
sectors of the economy are experiencing
changing productivity growth. Differences
in the nature of sectoral outputs make
comparisons of productivity between even
large sectors of the economy such as man-
ufacturing and services difficult to interpret
and possibly highly misleading. At the other
extreme, productivity change measured at
the individual level can also mislead. espe-
cnally when new technology alters the struc-
ture of the work thereby mﬂuencmg group
rather than individual productivity. Inter-
medrate levels of aggregation stich as industry

offit:e" (w orkgroup with specxﬁc mission)
probably are the least mlsleadlng for purposes

of estimating the potentlal and actual effects

of new technology on productivity growth:

Unfortunately, efforts to develop these kinds

of data for the service industries are at a

relatively primitive stage. Clearer linkages

between productivity gains and office auto-

mation must await lrnprovement in data;
especnally in servnce sector output meas-

of aggregatlon.“

Attainment of Gains in White-Collar

Productivity
Dérﬁéhd for computer and telecommun-
ications equipment for office applications
has developed more slowly than expected.?
Thé dfﬁCé autbi‘ﬁéﬁbh “YéleUﬁdh" is lbbkihg
probably not reach fruition until the end of
this century. Vendors of office autormation
techriclogy currently are seeking explanations
for the slow pace of acceptance.

Several reasons have been suggested for

office autcmation's gradual penetration of
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ln electromcally supported work stations
are not practical in the 1980s and perhaps

not by the year 2000...As our knowledge

workers devote more and more time to

unstructured communications associated

with the management of change rnstead

of to well-defined computational or pro-

cedural tasks, the difficulty of changing

tasks from manual to electronic processing
will escalate...All this will probably happen
gradually in the next 5 to 15 years; when
the current concentration on word proc-
essing. text processing; and distributed
computing will_run its coursé. At that
point, the era of the personal work station
as the principal means for interorga~i-
zational communications for the majouty
of white-collar workers will 5S¢ possible.13

The Technology

The prodress of computer ter.nnology is im-
pressive. It is awesome to realize that some
handheld calculators in use today have rmote
processing power than many computers in
use in the 1960s. There are extremely’ ver-
satile and powerful central processing units
(CPUs) in widespread use today that occupy

a space about the size of a stick of chewing

gum: This same €PU power would have

occupied a closetful of space no more than

15 yeérs ago: The price-performance ratro

of memory, including permanent memory,
volatile memory, and direct access storage
devices such as disks; has fallen at an even
faster pace than the CPU; with a much more
dramatic decrease in space requirements.
Although this technology is the key building
block for office automation; it is not essential
to understand the hardware in order to
examine trends in office automation. We
néé'rl 6nly assum'é thét Cornputér hérdWéré

It is rmportant however to understand
the funiction of this techriclogy in the office
environment. Fortunately, several investi-
gators have attempted to classify the use of
computer systems in businesses, pnncnpally
in the context of management informiation

and decision support systems:!4 By consid-

ering these earlier classifications and given

the purpose and context of office automa-
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tion, we offer a typology of computenzed
office systert functions as a means to this
understanding: S
{1) Transactions. At this level, fixed inputs
are processed according to a determinate
scheme to yield a highly structured set of
outputs This may be an order entry system,
a payroll system a bank card system, or

even a word processrng system Transactions,

in general, is a data-oniented function.

(2) Analysis. An analysis system uses

computational; statistical; or, more generally

logical and mathematlcal ‘techniques to

manipulate an existing data base: A typical
analysis system might use multiple regression
to explore trends in data or analyss of
variance to examine the validity of hypoth-
eses. Other._analysis systems in daily use
allow searching of accounts for overdue
payments or examination of perpetual in-
ventories for economic order points. As with
transactions, this is a data-oriented function.

(3) Projection. Projection systems may
permit the user to evaluate the consequences
of planned actions, add data into the system
based on personal judgment, or search for
solutions with certain constraints. That is,
the user can explore the variety of outcomes
through “what if?” types of entries, which
dre not necessarily tied to any data or
information preexisting in the system. Many
of the popular profit- analysns models are
projection systems; most matetial require-

ment planning programs are of thls type

also. Interestingly; microcomputer programs

such as the popular VISICAEC and its
functional equivalents are often employed
in this mode:

{4) Communication. The final type of
function of a computer system is that of
communication. These types of systems act
as smart conduits among individuals with
access to the same compute:; timeshare
system, network, or storage media. Functions
of communication systems include mail,
messages, calendars, and data storage and
retnieval in general.

leen th|s typology, the automatlon of
mentation of a monollthlc technology, but
as the introduiction of several techriologically
based funictions in succession. Although far
from exhaustive, the followlng table provides
some illustrative applications:
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Sgiétem Functions

Type Function

Payioll
Invoicing and .
Accounts Receivable
Inventory and
~ Accounts Payable

TRANS
ACTIONS

_ punched)
Word Processing
Perpetual Inventory
Point of Order Entry
with Confirmation of
Stock Available
Goods Ordered
Most Frequently
Best Warehouse
Location
Warehouse Routmg

Profit—Simplified
Model

Profit—Interactive
Model

Extension of Credit
to Customers

Orders to Stock
COMMUNI- Inte
CATION

Clerical
Staff
Sales

ANALYSIS staft

PROJEC: Managers
TION

Stalf
Staff

ce Messages Al

_ Management

During the early years of computers, from
the first designs up to about 1974, the
mainframe was all there was in the world of
business. This was a big computer, which
took up most of a floor in & typical office
building and cost millions of dollars. Next to
emerge was the minicomputer. At first this
machlne had a CPU W1th only a fractton of

lntegrated circuits advanced so rapldly that
many minicomputers soon emerged with

far more power than some of the mainframes:

Then, in the late seventies, very large scale

integrated circuits became economically

feasible. This spurred the popular acceptance

of the microcomputer The microcomputer

onginally had a very llmlted memory. perhaps

processmg power: However in the last few

years, even the microcomputer has become a
behemoth in terms of memory and power.
Today; some have millions of “words” of

storage, hard disks; and processing power
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that equals or even surpasses some of the
modem mainframies. Along sorre Slgniﬁcant
dlmensmns the distiriction between the
malnframe the minicomputer, and the
mlcrocomputer is blurred. Thus, the personal
computer user, desplte using a “simple”

computer, can be very SOphlstlcated A

wholesale xnfusnon of today s personal com-

puter users into the ranks of management

may alterthe office of the future more than

any new hardware or software by itself:

Symbxosrs between the knowledge worker

and his/her electronic work staion—human-

machine interaction—is one of the essential

ingredients of the office of the future. The

development of betier hardware at ever-

decreasnng costs for automated office systems
is expected to contlnue at its._ lnexorable pace

development of adequate software is pro-
ceeding somewhat less rapidly:

The fruits of the electronics revoluion are

such that we can afford to do anything

we want—if we can only program it.

SoftWare is the dommant challenge in

major development cost element for the
foreseeable future.’

In partlcular the development of technlques

to interface computers and their peripheral

deices into a human environment lags far

behind other aspects of automation. This

presents significant problems in effective office

automation and may well develop into the

major bottleneck in the technology's imple-
mentation: Four underlying trends are de-
scribed in the following paragraphs.

{1) Hardware manufacturing costs are
declining, but software development costs
are rising. Increased manpower costs and
increased complexity of software systems
have. on balance, more than offset advances
in_effective programming tools. Recent
advances in programming eénvironments,
structure editors, software engineering, and
personal computing work stations may,
however, mitigate the trend toward increasing
software cost.

(2) The ever-expanding number of com-
piiter users is increasing at a much faster
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computer user, desplte using a “simple”
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may alterrthe office of the future more than
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Symbxosrs between the knowledge worker

and his/her electronic work staion—human-

machine interaction—is one of the essential

ingredients of the office of the future. The

development of betier hardware at ever-

decreasnng costs for automated office systems
is expected to contlnue at its._ lnexorable pace

development of adequate software is pro-
ceeding somewhat less rapidly:

The fruits of the electronics revolufion are

such that we can afford to do anything

we want—if we can only program it.

SoftWare is the dommant challenge in

major development cost element for the
foreseeable future.’

In partlcular the development of technlques

to interface computers and their peripheral

detices into a human environment lags far

behind other aspects of automation. This

presents significant problems in effective office

automation and may well develop into the

major bottleneck in the technology's imple-
mentation: Four underlying trends are de-
scribed in the following paragraphs.

(1) ‘Hardware manufacturing costs are
g; but software development costs
g. Increased manpower costs and
increased complexity of software systems
have. on balance; more than offset advances
in_effective programming tools. Recent
advances in programming eénvironments,
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Furthermore: matare users can be quickly

frustrated by too much “help:”

(4) Well-designed. stylized command inter-

faces require user training but could be
designed to achieve high functionality with
low complexity. These seem to be best for
mature or frequent users

hologlcally complex devices that are not
computer-based work stations. However, the
type of interface required depends strongly
on the particular properties of each device.

Uniformity of operating conventions across
all software and hardware systems is clearly

a highly desirable objective.

User Trammg Techmques. ThoUth
needs to be given to methods for training
users of new systeris. Some casual users of
computer systems whose time is a scarce

resource (such as managers and scientists)

vwll require interfaces that make no prior

training demands: This clearly limits the scope

of their ability to exploit new computer

technology directly. For other users, a com-

bination of forgiving; friendly interfaces and

short hands-on traimng penods is likely to
proge I’?F,',C,h more cost-effective than either
training all users to become computer experts

or inventing and providing the ultlmate

interface. However, jittle effort has gone into
examining the best methods for training
computer-naive people to become effective
casual users of automated office systems.
Although the tradeoff between laboriously
developed. friendly interfaces and user
training has not been quantitatively analwed,
the expected size of the user population, its
frequency of interaction with the system,
and the expected system llfetrme appear to
be determining factors of cost- effectiveness.
How this tradeoff mlght be evaluated and

who will pay thie costs under each altemative

are unresolved questions that merit investi-

gation. Another dimension of the training

issue involves consideration of a widely

dlstnbuted tramlng capablllty, one that in-

corporates the enormous variety of office

situations and thus of tralmng needs.

Organizational Context
We do not 9et know how to restructure office

work to take advantage of office automation
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technology. Indeed; variations in the nature
of offices and of office work across and within
industries virtually guarantee that the desired
knowledge will appear piecemeal, made up
of a series. of contingent statements rather
than a single. grand “theory.” But the outlines
of some of the consequences of the new
technology for human interaction in the
workplace are béginning to emerge. As
technology provides more and more func-
tions, knowledge workers (particularly man-
agers) will bé using terminals. This, for
example, will alter the role of the secretary
as the manager Substitutes the cormiputer

" for tasks previously reserved for clerical

workers. The professronal may. in fact, ¢'o
his/her own “typing” at the keyboard wiiile
drafting arid editing a document; final hard
copy produiction becomes trivial: Altematively,

as more office automatlon is implemented;

systems frequently are put in place under

secretarial control; This; in itself; is an im-

mediate impetus for changing the secretarial

role and career path to management or

creating; in the office context; a new inter-

mediate category of paraprofessionals. The
best analogy is in the legal field, where many
paraprofessionals were secretaries. In their
currert jobs they use the same_equipment
and technology that they used previously
as secretaries for routine legal work. People
who arc willing to become paraprofessionals
are themselves in a more professionally
oriented role.

As a larger proportlon of oiir populatlon
uses a microcompiiter at home or plays video
dames at the tavern, more will be willing to
use a terminal at the office. These people
may be very impatient if they are not provided
with the capabilities o, an office system to
create text, do electionic fllmg, handle
calendars, and receive t—.lectromc mall We
have become accustomed to an office

system staffed by workers who are slow to

change, bat in the near future this may not

be the case:

The office of the future may significantly
alter the role of time in work: For instance:
given the present physical document distri-
bution system, nobody really knows when a
particular individual gets a document unless it
is. hand camied with retum receipt requested.
This is relatively rare. Even within the intermal
mail system it takes a day or tWo to receive
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a document. In a multilocation organization, it

often takes a week to be sure that every

plant; warehouse; and sales office has re-

ceived a particular document: Today people

feel they need time to thmxr about their

response some “buy time” by saying a letter is

in the mail even before it has been prepared.

dJust as there is a certain amount of “float’

in the | present banking syStem a “float” exsts

reducxng transmission_or transactlon tlme

alone may have little effect if decisionmaking
capacity remains_untouched.

_ As electronic filing and electronic distri-
bution are implemented, management will
kiiow that information has been received
by all of their staff. The electronic mail systems
have the capability of notifying the sender
that the document has been received. Thus,
there will be a miich higher level of expecta-
tion that the response will be retuimed within a
specified time, such as 24 or 48 hours. This
will be a much smaller “window” than is
currently possnble with physncal mail, Having
to respond more quickly can increase the

pressure on individuals and might also result

in a less carefully considered response. Doing

things more quickly is not necessarily doing

them better, yet speed rather than effective-

ness of information may be how managers
evaluate theirstaff.
On the plus side; time no longer affects

communication when electronlc mall and
message systems are in place. A telephone
conversation requires the simultaneous
availability of at least two parties. Electronic
messages can be sent and received without
regard to such constraints, In addition, the
new te'chn'ol'ogy all'o'ws p’én'cs'di'c 'rép"dr’t's énd

and produced at the punch of a button
This can reduice time pressure on analysts
and writers, who can place rrore emphasis
on the quality of their prodiicts. Conversely, it
could allow them to turn out a sloppy initial
product for repeated revision.

Another consequence may be a rediiction

in day-to-day human interaction: Individuals

who can retrieve information from the system

electronically do not have to ask their secre-

tary or their staff to get the information for

them. It is often in the very process of asking

for information that management spends a

few minutes discussing personal concerns
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and family activities. This is an_important
part of the human interaction that makes
work a pleasant experience. If office workers
interact with machines more exclusively, the
office may assume a more stenile or factory-
like atmosphere

The' adverit of office automahon however
will not necessarily lead to hermit office
workers, communicating only via thelr com-

puter terminals. Such has not been the case at

universities and industrial research environ-

ments where electronic mail systems have

been functional for many years. In fact,

electronic mail displaces interoffice mem-

oranda more than it displaces face-to-face

discussion or telephone conversation.

Whether this will remain true as office

automation spreads to other settings and

as the restructuring of office work to en-
hanc: productivity growth proceeds remains
to be seen.

The ﬂexnblhty and freedom of the office
of the fuitiire lead to another significant
problem managers will face. How do you
monitor what people are doing; especially if
they are riot doing it in a specified place at
a specific time? In the past, managers were
cognizant of alimost all of their white-collar
employees’ operations. In an automated
environment, lack of proximity and simul-
tanelty of work may create new management
tensions and dilemmas.

Anticipated Secondary
Consequences
The so-called office in the home can offer

striking opportunities or create a central

problem in the technological age. Decreasing
costs of terminals and communication are
the key factors. As costs drop; the reach of
the office will indeed extend into an indi-
vidual’s home. This will alter the workstyle
for execiitiVes, as they would not be con-
strained by titie when dealing with worldwide
operations but would have to rethink how
and when they use personal time.,

An officz in the home can represent almost
the ultlmate in energy savings as far as
communication and transportation are con-
cerned. Individuals will certainly get used to

having a greater fund of information available

to them through such information services

as Teletext and Videotex:¢ Additionally, all
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home tenmnal. Today,people are able to
use their telephone at home just as if they
were in the office, and extensive telecon-
ferencing is not far off. lncreasmgly, people
may question the need to go to the office:
There are some people. of course, who
want to get away from their homes. The
tradition of mobility among nuclear family

commuters may be resisted, even if homes

are comfortable to work in and the same

level of information and avility to com-
muriicate with people exists: Clearly; there

will be intermediate steps between the office

:as we know it today and the office of the

home: Such organizations as Sateilite Bust-
ness Systems and Bell Telephone are pro-
posing to set up video conferencing centers
where people would travel to some central
site to take advantage of the facilities. They
would not have to travel to anottier city to
conduct a conference. Value added networks
are being set up as well by a number of
organizations to provide the facilities of
clectronic mail. These inclide GT&E’s Tele-
main System, IT&T's Faxpack Syste—,
Tymshare, and Tyimiiet. Remote work ceriters
also mav emerge as intermediate arrange-
mients between the office-at-home and a
single, centralized location. The altematlves
are clear. bt the actual geograpiiic dnstn
biition of office work in the future is rot:
Energy costs will alsu affect the use of

paper within the office: Paper costs are

directly related to the energy involved in

changing woud to pulp and then drying that

pulp to make paper. So the cost of paper

escalates almost as fast as the cost of ¢ energy

The office of the future can minimize the
use of paper with displays and magnetic
storage. Unnecessary printing can be avoided
by revising and distributing information
éléélibﬁléilly and printing it only when
it is needed.

In the past, management felt that office

staff members, particularly principals, were

or project were being handled, people were
expected to come in early and stay late unitil
they could solve the problem. When workmg
at home becomes a reality, there will be a
whole riew level of flexibility introduced into
the office systern. People could work at any

time they wanted to, not necessarily in eight
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or mne hour shifts. Under these conditions;

only the product will matter, not how it
was produced.

Policy Options
The potential that technology holds for

increased efficiency in information handling in
the office setting has been documented; and
the technology that promises to realize this
potential is being developed, In a few in-
stances it has been introduced on an experi-
mental_basis. Yet market demand for the
new information processing and communi-
cation technology is developing slowly. more
slowly than might be expected given the
intensity with which the need is expressed,
even accounting for the effects of a sluggish
economy and surplus of labor. Realization
of the benefits of a riew technology at firm
and industry levels (in terms of increased
rates of productivity growth) requires trans-
lation of nieed into demand. In this paper,

different perspectives that lmpllcnly place

the burden for action at different doc?rsteps

have been described: In this concluding

section, different perspectives are explicitly

lmked with different institational actors; and

some of the actions that might be taken to

facilitate the introduction and use of new

information handling technologies into office

settings, assuming that such facilitation
is a policy goal of the actor involved, are
discussed.

One perspective currently focuses attenhon
on problems associated with iriplementing
the new technology. This is the process during
which it is introduced into an organization
and, over time, becomes part of organiza-
tional routine. To some, the pace with which
the new office technology will penetrate the
market is a function of how rapidly users,
particularly managers, become acclimated
to it, begin to recognize its benefits first-hand,
overcome their technophobxa and adjust

their work habits. This perspective suggests

action by the marketing divisions of industry

to develop lmproved indicators of the tech-

nology's benefits to the firm; to offer training

programs and seminars to potential cus-

tomers (particularly management), and to

provide analytical support to firms and other

organizations as they restructure work flows

and responsibilities to accommodate the new
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technology: These strategies largely accept
the technology as given and focus on user
adaptation at individual and organizational
levele: :

Another perspective views the problem
in terms of human-machine interaction. More
rapid acceptance_of the technology depends
upon how completely and rapidly hardware
and software can be developed to support
more “user-friendly” information-handling
protocols. Applied research activities now
being conduicted in indiistry and universities
on such topics as fault-tolerant software
systems, i‘iétijfél léﬁgﬁégé codes, and voice
recognition input devices are directed toward
'rjedujci'n"g thls barrter to i‘ﬁtj’ré”t‘éi:iid intro-
duction of the technology. In the past, the
focus on user friendliness largely accepted
the individual user as relattvely fixed and
sought adaptations in the technology, gen-
erally through the software interface, to the
user’s skills; knowlzdge; and habits. We now

recognize that as the user becomes more

sophisticated, the user-friendly aspects of

the system must adapt accordingly.

A third perspective emphasizes the organi-

“zational conditions that must exist before

the new technology will be implemented
extensively. This perspective arises less from
the need for the organization to adapt to
the technology than from the view that large,
complex organizations must make funda-
mental changes in the way they manage
information before the benefits of automated
information handling can be realized. Very
little is known about how this restructuring

should occur, especially across the variety .

of differenit industiies (including Govemiment)
in which information handling has becoitie
a major expenditiire. A significant role for
research thercfore emerges, perhaps under
industrial or joint Government-industry
Sponsorshlp

' The policy lmphcatlons of office automa-
tion depend upon the pace with which the

new technology is accepted in the market-

place: If the pace is rapid; then productmty

gains {with salutary consequences for the
national economy) will be evident. These
will mitigate or perhaps reverse the decline
in the Nation’s rate of productivity growth
despite the fact that manufacturing con-
tributes less and less to the gross national
product.
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Should this occur, however, a number of
ﬁt'ciBlé'rﬁ's jﬁa"y’ emerge that 'm'a”y' warrant
educational institutions. As noted earher,
agreement does not exist on the conse-
quences_of office automation for office
workers. If change s rapid, substantial unem-
ployment of workers with one set of skills
(for example, clenical) could exist simultane-
ously with unmet demand for workers with
different skills (for example, analytical).
Governiment may be called iipon to ease
the personal costs of Worker displacerierit, .
perhaps by extending unemployment com-
penisation to certain classes of workers. New
job training programs that address the needs
of both the unemployed and the agencies
and firms seeking persons with new skills
may be needed. To meet the demand for

nersons to work in the offtce of the future;

equipment vendors may haye to supply

training programs as an integral part of the

technology they sell. Alternatively, users of

office automation equipment may bear the
burden of training costs. In iny event; in
this fast-paced scenario; industry {both
vendors and users) would have an incentive
to supply training opportunities so that both
sales potential and productivity growth
potential can be realized. Govemment would
work to retrain workers who could not easily
meet new job requirements.

_If the pace of acceptance is slow (at least
initially), another set of policy issues arises.
We may assume that relevant institutions
such as ii‘idii)idijél ﬁi‘rﬁé ihdusti’y and trade
associations, vo-tech schools, and public
schools will be able to adjust qu1ckly eriough
to keep labor supply and demand balanced.
But costs will accrue to the Nation as a
whole 1f product:vitg gains do not oceur as
rapldly as expected or desired. The pubhc

policy question then becomes: What steps,

if any, should Government take to facilitate

the spread of office automation? Also; what

actions by other institutions could speed the
pace of acceptance; thereby realizing ex-
pected benefits to both vendors and users
of the new technology?

_Again, different diagnoses of the problem
of slow market penetration have different
implications for action. Currently, imple-
mentation costs {both monetary and non-
monetary) are seen by many as a major
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nese costs could be reduced through
- | déhté 6f how the new technology
L 3 of th,e several behav:,oral and
tmsirdor tional factors that impede accept-
gt 2y could also be reduced if vendors
w1l g'to bear the costs of training and
« @il sypport to firms desiring to restaff
o “"""“', dcture themselves to take advantage
w» il chnology. Vendor firms currently
¢ w1 icting research that seeks to improve
o i Jorstanding of the implementation
s i Government could provide addi-

- sport for this activity by ericouraging

e 4 industry cooperative research on
sribewstids et Industrial and trade associanons
i uelop and offer continuing education

~# . 5 for clerical workers interested in

#rm ,ffice automation to their skills; and

ssalbens 'gers interested in planning for office
" " jon or actually using the new tech-
sl o iselves. Virtually anything industry
w8 | 5 rodiice “Computer naivete” among
; il community would facilitate 1mple-
G o OTIITILINEY WOLTIC faciiitale IMp'e
sl srograms; h,andbooks,,and hands-on
" rations would be useful contributions.
W g o ____ o __
-t are other research programs that
™' tient could support to facilitate
'”; :.' duction of office automation. Private
- N 2 unlikely to undertake such work

e

HE

~——t they could not capture sufficient

L e e
-~ .- to make it worthwhile. Government

s 9]
up, ; Yomsor research that would-identify
e struictural forms that informatiorn

e
a3 could take in different industries
es of Government agencies and

L A0 AR

) ' heir consequences for enhanced
W‘lﬂ‘-u
i mty Such research prograris should
wve.u, WOrk on definitions and measures
« ., \UCHVity for white-collar workers,
.1y knowledge workers and managers.
h-astera 0N Of the Government's own ex-
i 25 with office automation ; might also

av-me | 2lpful; as would evaluation of state-

it installations in industry and uni-
orﬁphter science departments Gov-

a shy
ey, CTIIPUILET SCIENCE departm
] rs and support personnel and pro-
% + 2 data to industry and educational
svaawn) 8. Finally, the Federal Government
v - “pport the development of software
w15 for office automation that would
maqyi  Provisions for collecting data relevant

b
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to information system management research.

Regardless of the pace with which office
automation proceeds; educational instihitions
must move to ensure computer literacy, just
as they now address reading, writing, and
arithmetic. But there is little agreement on
how to address this problem, and there are
few 'rés"our'cés f'o”r éxpéﬁ'méhtati'oh S’ch"o"o’lé

satnsfactonly, and successes achleved ir one
school are ot communicated effectively to
others or easily adapted by them. Thus, the
first priority for all schools should be to
determine reasonable objectxves for computer
literacy and support their attainment with

substantial resources: In addition to offering

new and modified curricula; universities and

technical schools should develop continuing

education courses; perhaps in conjunction
W1th mdustry. directed toward 1nfom1atlon

the office of the fu,ture,becomes pervasive
in 15 years or in 30; the next generation
should be computer literate to take full
advantage of the benelfits of the new olffice
technology and to mitigate some of its
possible costs.
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to information system management research.

Regardless of the pace with which office
automation proceeds; educational instihitions
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Abstract

Manufactunng processes are a major factor in international economic competmveness In

recent years; the United States has lagged behind other industrialized natioris in the diffu-

sion and implementation of advanced mannfactunng systems; Marny analyses have pomted

out certain macroeconomic variables contributing to this lag; however; difficulties in imple-

mentation of these systems at the factory level, while equally important; have not been
adequately addressed.
Several new technologles mcludmg robotics, computer-aided manufacturing; group

techriology, and flexible manufacturing systems; are particularly crucial to economic
competitiveness. These systems must be seen as complex sociotechnical phenomena
involving major changes in corporate strategies, organizational design; and human resources:
For example, their implementation involves interactions among functional units within
the firm, with effects that are radical rather than incremental; full implementation often
takes years. Especxally relevant to decisions about manufacturing technology are anticipated
effects on the skill and responslbrlnty profiles of workers, including the need for retraining;
involvement in operational decisionmaking, and job redundancy ]

Given the difficulties of irmplementation, currerit techiiology transfer efforts are probably

inadequate: Shop floor involvement in lmplementatnon decisions is criicial, but often missing.

Federal efforts in the transfer of advariced manufacturing techriclogy have been uneven

at best; partlcularly since much Federal R&D is mission- -orienited with an emphasis on

defense requirements: Universities have bren reasonably active in research and develop-

ment for new manufactunng technologtes but have not adequately addressed dissemination

and implementation issues. The efforts of professional associations and societies have

been considerable; but have been largely disaggregated. Given the need for widespread

implementation of these technologres and the limits on current technology trarsfer,

increased efforts reflecting a systems orientation by both government and private concerns
will be required.

Introduction

One prominent economic and social issue
with significant science and technology im-
plications is whether the United States’
position as a major manufacturing power
will continue to erode over the next decade.
Evidence is mounting for the critical im-
portance of manufacturing to economic
recovery and productivity. In the early 1970s;
it Was ofteri argued that the decline of U.S.
maniifacturing reflected & “natural” move:
menit toward & service ecoriomy. It was widely
expected that service and kriowledde-
generation industries woild siipersede
manufacturing in importance, just as man-
ufacturing had once superseded agnculture
This picture has not been sustained thus

far; the decline of productivity growth in
manufactunng has continued, and the service

economy has rot grown at a rate sufficient

to compensate
Buring the past 20 years forelgn com-

petition—particularly from Japan and

Western Europe—has resulted in major

inroads into domestic markets traditionally

dominated by U.S. manufacturers. Especially

hard hit have been consumer electronics;
automoblles, basnc steel textlles and footo
geographtcally States, with the highest
current rate of unemployment are those
with the heawy concentrations of traditional
manufacturing industries. But the effect is
spreading to other areas. Even in the semi-
conductor industry, long considered the
preeminent preserve of American technol-
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ogy, the United States is being hard pressed
by Japanese competition:

Many factors—technological; economic;

and political—are involved in these events;

1nclud1ng the growth of multinational com-

panies and the consequent dispersion of

econormic actrvxty around the world; the

xncreasmg costs of domestic capltal and
practices and even nontariff trade barriers
imposed by foreign competitors. Different
industries have been affected in different
ways, but a common denominator is that
our manufacturing facilities are not being
replaced by sociotechnically innovative and
efficient operations. As one indicator of this
relative disadvantage, a survey by the
American Machinist (1978) indicates that
of the seven industrial nations studied, the
United States has the lowest percentage of
machlne tools under 10 years old Japan
of newer tools

The last decade has witnessed tremendous
advances in the development of new man-
ufacturmg technologres that could have

contributed to U:S: competitiveness even

in the face of wage and raw material cost

differentials; protective trade policies, and

differences in the cost of capital: These

include robotics, computer -aided design
and manufacturing, group technology;
flexible manufacturing, and various manage-
ment and contro!l systems associated. with
these technologies. There are also technol-
ogies on the horizon {for example; artificial
intelligence) that will qualitatively extend the
array of ways to produce a product.

_ For various reasons, the United States
has been slow to install and use such tech-
niques, While much of the early development
of robotics was done in this country in the
1960s by such companies as Unimation and
AMF, Japan has comie to be the undispiited
world leader in the deployimient of robotics
technology. Since the introduction of the
first robots into Japan (by a U.S. firm) in
1967 the use of robots has grown rapldly
By 1981 there were over 14,000 robots in
use in Japan; estimates for the deployment
of industrial robots in the United States and

Western Europe are apprommateiy 5,000

and 3;500 respectively (Robotics Institute
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of America, 1981):* Japan s leadership in

the use of robots and related technologles

is not generally disputed: As an illustration

of radical possibilities offered by these tech-

nologies; Fujitsu Fanuc recently built a

factory that can be left essentially unmanned
during evening “ghost shifts.” The plant has
29 work stations; 7 of which are equipped
with robots; and 22 of which employ auto-
matic pallet changers. The plant also has
autornatit warehouses, for ‘both materials
Rathmill, and Hatvany, 1981).

Given these rapid technological develop
ments and the increasingly frequent demon-
strations of productivity gains in both foreign
and domestic plants using these techniques,
why have most U.S. manufacturing firms
lagged in adopting and implementing them?
Onie set of explanationis currently offered is
largely based on macroeconomic argumerits
involiing taxes and related incentives for
investment in new technology. The macro-
economic dimensions of R&D investrnent
have been widely discussed (Annual Science

and Techno]ogy Report to the Congress:

1981), and many changes have already been

made in the U:S: Tax €ode that will pre-

sumably address these and other invest-
ment constraints:

But such remedies operate at a rather
high level of abstraction and aggregation
and are by no means targeted at manufac-
turing technology directly. In fact; the eco-
nomics of advanced manufacturing systems
operate_at a very micro level and are not
well undéréiood by m’o;t Corporéié déCiQioiii
ogies ha,ve enjoyed greater dlfqulQn tend
to have implemented much more focused
economic interventions based on promoting
thé techn’olo’gy diréctly 'rathré'r than through
the manipulation of overall resource con-
straints on firms. There is little empirical or
theoretxcal feason to assutie that unfociised
incentives will more than marginally affect
the deploymient of technology.

*Since the operational definition of a robot in Japan
tends to include some devices excluded from other

countries’ estimates, precise cross-national comparisons
are difficult:
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ogy, the United States is being hard pressed
by Japanese competition:

Many factors—technological, economic;

and political—are involved in these events;

1nclud1ng the growth of muitinational com-

panies and the consequent dispersion of

econormic activity around the world; the
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Given these rapid technological develop
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Strations of productivity gains in both foreign
and domestic plants using these techniques,
why have most U.S. manufacturing firms
lagged in adopting and implementing them?
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involiing taxes and related incentives for
investment in new technology. The macro-
economic dimensions of R&D investrnent
have been widely discussed (Annual Science

and Techno]ogy Report to the Congress:

1981), and many changes have already been

made in the U:S: Tax €ode that will pre-

sumably address these and other invest-
ment constraints.

But such remedies operate at a rather
high level of abstraction and aggregation
and are by no means targeted at manufac-
turing technology directly. In fact; the eco-
nomics of advanced manufacturing systems
operate at a very micro level and are not
well understood by most corporate declslo -

ogies ha,ve enjoyed greater dlfqulQn tend
to have implemented much more focused
economic interventions based on promoting
the technology directly rather than through
the manipulation of overall resource con-
straints on firms. There is little emipirical ot
theoretical reason to assuime that unfocused
incentives will more than marginally affect
the deployment of technology.

*Since the operational definition of a robot in Japan
tends to include some devices excluded from other
countries’ estimates, precise cross-national comparisons
are difficult:
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tools, custom printing. tailored clothing,

and other product lines where there are
fimited numbers of potential purchasers with
a particular set of product needs. Job shops
tend to be small in size and employ a large
proportion of highly skilled workers.

_ Batch_production involves riins ranging
from 200 to 20.000 in size, although the
absolute size of the production run is less
important than the fact that the productron
facility needs to be changed at frequent
intervals for different product lines. For
example, a fmn tmay set up a productlon
line to produce several hundred electric

motors of one size, and then in a matter of

days or weeks convert that line to assembling

a motor of an entirely different size: Machines

and equipment tend to be relatively unspe-

cialized. and a mix of skilled and unskilled
workers is reqmred Products typically
manufactured in batches include general-

purpose machine tools; major household

appliances:; ready to-wear clothing: books;

fumnitare; and some types of industrial equip-
ment: There are also “batch-flow" processes,
such as the production of ice cream and
ééérneiiés Batch production accounts f’o'r

{Gerwin, 1982) and tends to involve rmeditim
to large firms.

Mass production involves the contintiots
production of identical items, with high vol-
ume and the use of single-piirpose machines
and equipment. Demands on worker skills
are generally low; U.S. mass production in-
dustries usually consider labor an easily
replaceable commodity. Examples of mass
production industries inciude automobiles;
electronics, small household appliances,
light bulbs, and nails. Mass producers tend
to be large industries.

Several types of new technology can fit

into this general pattern of manufacturing:

Four types of advanced manufacturing sys-
temns will be considered here: robotics;
computer-aided manufacturing (CAM); group
technology. and flexible manufacturing
systems (FMS). Although in practice these

categories tend to oveilap; {for example,
robots are often a part of flexible manufactur-
ing systems; and group technology is in many
ways an essential ingredient of both CAM
and FMS); they are discussed separately,

since they employ rather different sets of
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equipment and have different behavioral,
économiic, and organizational implications.

The RObOtICS Iristitute of America {1980)
has defined a robot as:

A reprogrammable multlfunctlon manlp
ulator designed to move material, parts,
tools or specialized devices through vari-
able programmed motions for the per-
formance of a variety of tasks.
Robots may range in complexity from sim-
ple “pick-and-place” machines; designed
primarily for materials handling; to complex
machines possessing sufficient motion flex-
ibility and sensing capability to emulate and
often surpass the performance of a human
worker at particular repetitious tasks. Early
U.S. research and developm:ént of robotics
was done during the 1950s, and the first
induétriél robot was inétalled ina U S fac-
U S. producers of robots are Unnmahon and
Cincininiati Milacron, whose sales constitute
approximately 70 percent of the American
market. However, several other major firms
are currently entering the field, and. as noted

earlier, the Japanese presently dominate

the world production of robots: There are
now between 130 and 1460 firms in dapan

making robots, as opposed to roughly the

same number in the rest of the world

(Aron; 1982).

Robots range greatly in size and breadth
of application: It is possible for robots to
be installed either at single work sites or at
many sites_simultaneously; the “robotization”
6f a manufacturing plant can be éjjijrbéthed

approxrmately $50,000 to $200.000. Accord-
ing to an industry source, robots have been
installed in a plant employing as few as two
dozen people. One impetus for the installa-
tion of robots has been to displace workers
in areas when there are sigriificarit health
and safety hazards and the cost of protecting
the Workers is considered prohibitive.

Computer-Aided Manufacturing

The initial move toward CAM was numencal

control of machine tools, developed in the
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1950s largely at the Massachusetts Institute
of Technology (MIT) (Ettlie; 1971, and
Groover, 1980}, where the U.S. Air Force
funded a project to improve precision in
jet aircraft fabrication. The complexity of
machining necessary for modem combat
aircraft had put tremendous strains on
existing control technology. MIT’s solution
involved automatic control of machine tools
by a punched paper tape; airplane wing
panels were miilled to specifications on a pre-
programmed high- -speed machine.

The development of small computers and
microprocessors led eventually to the re-
placement of control by paper tape to control
by electronics. The first phase in this devel-

opment mvolved dlrect numerical control

(DNC) in which a single large computer

controlled a number of machine tools by

hard-wired connections: As computer tech-

nology evolved, particularly with greater
miniaturization, it became possible to have
a single microcomputer in control of each
machine. This led to computer numencal
control {CNC). and enabled even greater
control over the production process by
allowing feedback on tool wear, greater use
of sensors, etc. CAM has often involved
comibining these techniques by linking single
machines’ dedicated computers to a larger
central control computer to schedule opera-
tions and related intermachine flows. In
addition. it is often linked more or less
directly to computer-aided design (CAD)

systems.

Group Technology

In rnany ways, group technology can be

considered an organizational or technxcal

management precursor to flexible manu-

facturing and €CAM systems. Group tzch-

nology is more an organizational construct

than a set of hardware: its purpose is to
bring the economies and benefits of mass
production to small-scale manufacturing;
down to the level of the job shop. Pro-
cedurally, it involves the categorization or
grouping of parts on the basis of design and
manufacturing similarities. Once a group of
parts has been identified; a corresponding
“cell” of machines performing interrelated
functions can be dedicated to the production
of that family of parts. Advantages in de-

l\) [
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creased set-up time are considerable, and
produttii}ity increases of major proportions

extensnve worR by the Russ)ans but many
bf tl‘ié concepts éhd téthhiqiiéé bf group

apphcatlons in the machine tool industry,
but these methods have not been extensively
implemented in U.S. firms.

Flexible manufacturing systems are in many
ways outgrowths or extensions of develop-
ments.in group technology, computer-aided
manufacturing;, and robotics. As indicated
above; early numerical control applications
usually involved a single function such as
drilling or shaping. These systems evolved
so that tools could be changed and different
types of machines could be linked together
sequentially by materials-handling capabil:
ities (for é)iéi‘ﬁi:ilé pick- éhd plété dethl
all controlled, momtored and serviced
by compiiters.

Onie example of a ﬂextble manufacturing
systerti in the process of development is the
Automated Programmable Assermibly System
(APAS) created by Westinghouse Corpora-
tion. The APAS demonstration is focused

on the assembling of small electric motors;

which historically have been batch-processed

throughout the world: The APAS assembly
line involves the linking of robotics; robotic

workstations, advanced opttcal sensors, auto-
puter control into a completely automated
assembly systern. Most importantly; the sys-
tem is reprogrammable such that motors
of different sizes can be assembled literally
at the flick of a switch. Another example of
an FMS developed under Government
sponsorship is the Automated Manufat:ﬁjring
National B,ureau,of Standards Thls demon;
stration will involve an integrated series of
machining and inspection stations with par-
ticular applications for small shops.
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FMS exists at present more in theory than
in widely deployed and developed applica-

tions. According to one industry analyst.
there are less than 20 FMS systems in opera-

tion in the United States: and planning and

installation currently requires something on
the order of 2 to 5 years:

Probiems of Use

As we have suggested. the availability of

ufactunng systems has not resulted in thelr
widéépréad addptidh and Uéé il‘i lhé Uhitéd

processes of lndnvldual fmns to understand
some df the problems thleéd a’nd h"ow

orgamzanonal dlmenSlons of terhnologlcal
change are as critical to its adoption and
use as its technlcal dimensions and diserve
as careful an evaluation.

In recent years, a body of knowledge has

emerged about the process of innovation,

and this can be applied to decnsnons mvolvmg

technology. To onderstand innovation;

technologles must be considered not only

as collections of hardware: but as knowledge
embodied both in the rachines themselves
and in the software; coniol; and orgamza
tional systems necessary to operate the
technology effectively. Defined thus. the
deployment of manufacturing technology
can be seen partly as a knowledge dissem-
in~tion and utilization issue.

The innovation process hterature has
recently begun to view technology transfer
as moving through Sevarai separabie stages,
from initial awareness. to evaluation and
decxdlng toc adoption, and, finally, to imple-
mentation. The transition from adoption to
implementation is likely to be as critical for
success as the dissemination of khowledge,
bul it has received 'nuch less attention. Up
to the commitment point, knowledge dis-
semination is primarily a cognitive and
intellectual activity that involves learning
about the innovation: Implementation, by

contrast; involves the expenditure of human

and material resources and behavioral

changes at many levels of the organization:

Thus two separable knowledge transfer issues

are involved: transmitting information that
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might lead to adoption and providing de-
tailed operational information about putting
the innovation in place.

An adoption decision is usually premised
on management's perception that an inno-
vation is mmore profitable or effective than
existing practice, and thus there i is a reciprocal
role for vendors to make potential users
aware of new technologies. The opporturnity
for users to observe real-time installations

- and demonstrations (essentlal for techniol-

ogies of this complexity) is quite limited;

particularly for smaller flrms Since the

potential for marketing is usually greater

with large firms. smaller firms ‘may get less
access to information about new technol-

ogles Whlle an adopnon deClSlon is usually

lmplementatlon is not the result of a smgle
decision but rather a whole senes of decisions
frequently made by different people in dif-
ferent places.

A key concept in understandlng lmple
mientation is to recognize the impossibility
of separating decisions aboiit hardware and
ecoiiomics from their implications for the
social b"eh'a'vid'r of thdse usmg the ha'rdwa'ré

make critical decisions about social/crgani-
zational issues, such as how people will be
dlwded into groups. how many people will
be in these groups. and where individual
workers will be located (Davis and Taylor,

1976); although often they are not aware

of the implications of their choices: Thus;

the adoption and implementation of even a

simple pick-and- place robot is a set of com-

plex sociotechnical processes lnvolvmg many
different people from many different groups
in the firm and. thus. subject to evaluation
from many points of view. . .

The empirical literature dealing with the
problems of either dissemination or imple-
mientation of major technological systems is
limited. Much of the traditional literature
on innovation processes has assumed that
implemerntation of technology follows
naturally from dGCISlonS to adopt or pur

plementanon of mdustnal lnnovatlons is
especially meager, and studies of the imple-
mentation of manufacturing processes are
rare; For a recent review of implementation
studies (Scheirer and Rezmovic, 1982), only



FMS exists at present more in theorythan
mdely deployed and developed applica-

1s: According to one industry analyst

re are less than 20 FMS systems in opera-

1in the United States. and planning and

allation currently requires something on
order of 2 to 5 years:

Probiems of Use

we have suggested. the availability of

cturmg systems has not resulted in thelr
eéspread adoption and use in the United
tes. It is necessary to look at the decision
cesses of individual firms to understand
ie of the problems involved and how
J mrght be addressed. The social and
anizational dimensions of technological
nge are as critical to its adoption and
as its techmcal dimensions and diserve
areful an evaluation.

1 recent years, a body of knowledge has

>rged about the process of innovation,

this can be applied to decrslons mvolvmg

mnology. To understand innovation;

inologies must be considered not only

ollections of hardware; but as knowledge
yodied both in the rachines themselves
in the software; coni-ol; and organiza-
al systems necessary to operate the
nology effectively. Defined thus. the
loyment of manufacturing technology
be seen partly as a knowledge dissem-
on and utilization issue.

he innovation process llterature has
ntly begun to view technology transfer
1oving through sevaral separable stages,
i initial awareness. to evaluation and
ding, to adoption, and, finally, to imple-
tationi. The tranisition from adoption to
ementation is likely to be as critical for
ess as the dissemination of kiicwledge,
t has received much less attention. Up
ie commitment point, knowledge dis-
ination is prlmarlly a cognitive and
lectual activity that involves learning
it the innovation: Implementation, by

rast; in olves the expendlture of human

material resources and behavioral

ges at many levels of the organization:

two separable knowledge transfer issues

nvolved: transmitting information that

ERIC

Aruitoxt provided by Eic:

might lead to adoption and providing de-
tailed operational information about putting
the innovation in place.

An adoption decision is usually premlsed
on management'’s perception that an inno-
vation is more profitable or effective than
existing preictice, and thiis there is a reciprocal
role for vendors to make potenitial users
aware of new technologies. The opportunity
for users to observe real-time installations

- and demonstrations (essentlal for techriol-

ogies of this complexity) is quite limited;

particularly for smaller firms. Since the

potential for marketing is usually greater

with large firms, smaller firms ‘may get less
access to information about new technol-
ogles Whlle an adoptlon dec1510n is usually
lmplementatlon is not the result of a smgle
decision but rather a whole series of decisions
frequently made by different people in dif-
ferent places.

A key concept in understandmg |mple
mientation is to recognize the impossibility
of separating decisions about hardware and
ecoiiomics from their implications for the
socnal behawor of those usmg the hardware

make critical decisions abouit social/crgani-
zational issues, such as how people will be
drvrded into groups. how many people will
be in these groups, and where individual
workers will be located (Davis and Taylor,

1976); although often they are not aware

of the implications of their choices: Thus;

the adoption and implementation of even a

simple pick-and- place robot is a set of com-
plex sociotechnical processes involving many
different people from many different groups
in the firm and. thus. subject to evaluation
from many points of view.

The empirical literature dealing with the
problems of either dissemination or imple-
mentation of major technological systems is
limited. Much of the traditional literature
on innovation processes has assumed that
implementation of technology follows
naturally fro"m' decisions to ad'o'p't or p'u'r'
plementatlon of mdustnal mnovatlons is
especially meager. and studies of the imple-
mentation of manufacturing processes are
rare. For a recent review of lmplementatnon
studies (Scheirer and Rezmovic, 1982), only
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of advanced manufacturing systems s that
to be fully effective these systems must tie
the firm in new and different ways. Unfor-
tunately, in the typical large industrial firm;

manufacturing, distribution; and accounting °

procedures are much better integrated with
eéCH bthet théi‘i is ﬁiéhﬁfédﬁﬁ@ With eithet
advantages that Japanese compames may
hévé is thét OVét‘ é Cét‘éét‘ théit‘ iﬁéhégétg
and, asaresult, are less,p,r,qtectlve of fuinc:
tional fiefdoms (Aron, 1982). Often, new
managerial technigues are required by
technical decisions, and organizational
striictiires adapted to change rather than
ngldlty have a substantial advantage

The pervasiveriess of organizational effects
attributable to manufacturing systems also

has implications for leadership and decision-

making pertaining to implementation: Since
the implementation of such systems as CAM
cuts across different functional units; it is
probably unwise to give leadership of that
implementation to any one function. One
analyst has called for the assignment of a
“process champion,” who would have leader:
shnp responsnblhtles for lmplementatlon of

in the company {Gerwin, 1982).
A process champion cannot operate in a

-unilateral or authoritarian manner. One of

the more consistent findings in the innovation
process literature is that adoption and im-
ple mentation of complex technologies is
facilitated by participative decisionmaking
(see, for examiple, To”rnatzk'y, et al., 7980).
For the |mp1emenrat|on of comptex manu-
facturing systems to “stick,” individuals
from many different levels and functions
within the firm will need to be involved in
planmng and decistonmaklng Often this
will go against the prevailing orgamzatlonal
climate and may actually lengthen the
implementation process:

However, it should be noted that our

foreign competltors have become qmte aware

of the role of worker involvement in the

improvement of process technology. In many

ways; the quality circle movement in Japan

has been an important factor xnthe ad-
vancement of manufacturing processes.
Analogously; European nations have been
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acutely aware of the relationship between
the new technologies and workerinvolvement
in their use {Norges Offentlige Utredninger;
1980). Worker involvement can be used to
assist implementation planning; and indeed
many initiatives for installation of advanced
technology such _as robots have come from
the shop floor. Many U.S. companies are
involved in Quality of Work Life {QWL)
efforts, which may have similar repercus-
sions on the improvement of process tech-
i‘ibfo@ thfdugh béfﬁtiijéﬁvé déCi§i6hrﬁéRihQ

nificant on the part of both management
and labor. To the extent that they are seen
as ways to manipulate workers rather than
to take them seriously, they will fail:

As we have suggested, the implementation
of such systems as CAM,; group technology,
or robotics cannot be considered as merely
a routine capital investment decision. Full
implementation. may take years {such as in
the case of FMS) and must be well integrated
into a strategic vision for the firm, In addition;
the costs of adoption and implementation
and the benefits from use of manufacturing
technologies are not easily quantifiable in
advance. Decisions may reguire as much
an act of faith as a thbt‘bugh econoniic
analysis.

Unfortunately, the apphcatnon of such
strateglc vision of manufacturing techriology
has been distinctly rare in American industry
of late. Rapldly accumulatlng empirical and
observational evidence (Hayes and Aber-
nathy, 1980) suggests that a lack of strategic
planning has serious mphcattons for either
adopting complex manufacturing systertis

or their stccessful lmplementatlon Several

factors have been identified as contnbutmg

to this lack of vision: In the last few decades;

corporate managers in the United States

have been more likely to have financial and
legal rather than technical backgroundswlt
stemmed. from the greater emphasis in the
last 20-30 years on matters extemal to the
firm, particularly interactions with govern-

132

RIC

Aruitoxt provided by Eic:



Q

ERIC——

Aruitoxt provided by Eic:

ment—mteractlons focused more on law

and money than on technology Thus, the

trend may well have had short-term surv val

value: But it has also lmposed costs. There

is a greater preoccupation with short-term

profits and decisionmaking; a dominance

of a marketing orientation; and an increas-

ing tendency toward corporate mergers: All

of these trends have exacerbated a split
between shop floor manufacturing technol-
ogy and corporate strategy; and this split
has made it difficult for managers to under-
stand the implementation impacts of their
strategic choices—or the opportunity costs
of their lack of choices.

Saciotechnical Aspects of

It ls mcreasmgly apparent that lmplemen-
tation of advarnced manufactunng systems
will permanently change the nature of work

and of the workforce in lndustry Although

the extent to which these technologies will

produce net job losses or gains has yet to

be determined,; it is quite clear that the

nature of job skills needed in manufacturing
will change dramatically. Traditional mass
production has treated workers as low-skilled
operatives who are easily replaceable; the
“second industrial revolution” will demand
workers with multiple skills who will be heavily
involved in maintenance of the rew tech-
nologies, information transmission; and
technologically demanding tasks. It will also
probably require fewer of them. The shrinking
size of the primary labor market is a fact
with rather profound social policy impli-
cations, Which are as yet largely unexplored.
Confronted with this reality, U.S. corpora-
tlons will have to make a basic choice between
retraining employees or simply replacing
them. Interestingly, mich of the high-
technology manufactunng comiponent of
Japanese industry has thus far kept its com-

mitment for llfetlme employment and has

invested heavily in worker retraining and

skills upgrading: This high job security may

actually contribute to innovativeness, as

workers not confronted with job loss may

more readily accept changes:. In tarn; man-

agement faced with a permanent workforce

will need to explore ways to maintain and
increase productivity.
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__ Changing the skill and responsibility pro-
files of workers will likely have implications
for the distribiition of power and decision-
making within the company. The center of
influence may shift to those areas where
the niew sophisticated process technologu is
being emiployed on the shop floor. Arierican
manufacturers have tendad to utlllze work
organizations based oni hlerarchlcal leader-
ship and spec1alxzed job classnflcatnons in
conjunctlon with advariced manufactunng

systems. This probably reflects an attempt

to apply management pnnt:lples that are

traditional in batch manufacturing: However,

the nature of the new equipment may be

sufficiently different from typical stand-alone

machine tools that an alternative work

organization may be in order: An integrated
system is characterized by relatively sharp
boundaries at either end and a continuous
flow of material within the borders. It is
therefore more akin to_process manufac-
turing than batch manufacturing. This sug-
gests that a work organization based on the
group &s the fundamental unit may be more
appropriate than one based on the individual.

~ One possibility to consider, accotding to
group of operators and loaders that does
away with their separate designations. Each
pammpant would have an opportunity to
share in all or most tasks. The group would

be responsible for the complete cycle of

loading; mcnitoring; and unloading as well

as some repairs, tooling, and supervisory

functions. Consequently, task identity,

meaningfulness, and feedback on per-

formance from coworkers woald be in-

creased. Job rotations would augment

autonomy and participation in work-related
decisions. European manufacturers appear
to be more willing to experiment with new
approaches to work organization that might -
provide a better fit with advanced manufac-
turing technology (see Taylor; 1977; for
illustrations).

Efforts to understand new jOb skill require-
mernts wlll go hand in hand with implemen-
tation of the technology per sé if maximum
benefits’ are to be realized. Like technical
choices social ahd o'rga'riizatio'rial choices
driven by the technology (for exarmiple, size,
structure, and composition of work group),
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bit alivays with the poteiitial to shape it
recxprocally The mmore this interactior is
understood ard planned for. the less will
be the stress on the systerm and the better
the results (Reinke. 1982).

Téi:hiib’logy Transfer Strategy

It should be clear that the dissemination
and implementation of advanced manufac-
turing systems will not just happen. but will
likely be a painful and stressful situation for
most organizations. Some of this stress can
be reduced through strategic planning for
implementation. For example. the relation-
ship between the equipment vendor arid the
implementit.g firm is much more intensive
and extensive than in other capital investment
programs. The vendor should be willing to
work closely with the adopting company—
and in turn the adopting firm must be willing
to devote resources to understanding the
technology and its implications. A simple

turrikey approach to the technology is not

likely to be workable for either vendor or

adopter. There is evidence that the more

complex the technological system being

implemented: the less viable the turnkey
approach (€ooke and Malcolm; 1981).

Worker partncrpatlon is crucial in imple-

mentatlon strategy. Some programs have

design and the implementation of advanced
manufacturing systems (Gustavson and
Taylor 1982). More of this will probably

technology are replaced by managerlal
practices oriented toward advariced mariu-
facturing Systems and the lower level dis-
cretion they require. Given the extensive
involvement of lower level staff in successful
implemeritation, acceptarice of information
about new techiiologies mlght be enhanced
by focusing dissemination efforts at that
level. For example, in an automobile plant
being established in Tennessee; a large

percentage of the new workforce was flown

to the home plant in Japan to become

famlllar with the manufacturing processes
to be used there:

The major argument for explicit attention

to implementation in technology decisions

Aruitoxt provided by Eic:

is that 1t wﬂl help both managers and workers

avoid some surprises. While new techinology

is tnherently uncertain in its effects; there

are many potential contributions of imple-

mentation analysis that can guide tech-
nological strategy: In general; the Japanese
have been better at applying these pnnc1ples
cultural and partly dellberate. Japanese
emphasis on_ consensus-building has in-
corporated delays and trials into the process,
explicitly recognizing that multiple decisions
are involved. By contrast, American man-
agers frequently treat technology decisions
as simple choices and set artificially short
timetables for implementation. The almost
inevitable disappointiment with the resiilts
tends to be interpreted more as a reflection
on the technology than on the inadequate
lmplementatlon process. There is no doubt
that many managders have lnterpreted as
technical deficiencies problems that in fact
denve from the shortcomlngs of their own
strategic organizational choices.

Programs to Assist Technology
Transfer

Efforts to assist firms in understanding and
using advariced manufacturing technology
are emerging from three sources: the Fed-
eral Govéemment, university research centers,
and private nonprofit educational and
professional associations. The nature and
scope of these efforts will be described below.
Few if any of these activities appear to
recogriize the systemiatic propertxes of etther
the technologies or the client systems with
which they work. In many wags, these groups

are more concerned with the hardware than

with the software: organizational, or human

resource aspects of manufacturing technol-

ogies: As Noble (1979) indicates; the devel-
opment of advanced manufacturing systemns
has tended to be left to “industnal tech-

nocrats::and self-serving computer jocks.”

The Federal Role in Manufacturing

There are approximatély one dozen Federal
programs focused on advanced manufac-
turing systems. These programs are scattered
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is that 1t wﬂl help both managers and workers

avoid some surprises. While new technology

is mhefently uncertain in its effects; there

are many potential contributions of imple-

mentation analysis that can guide tech-
nological strategy: In general; the Japanese
have been better at applying these pnncnples
than have Americans, for reasons partly
cultural and partly deliberate. Japanese
emphasis. on. consensus-building has in-
corporated delays and trials into the process,
explicitly recognizing that multiple decisions
are involved. By contrast, American man-
agers frequently treat technology decisions
as simple choices and set artificially short
timetables for implementation. The almriost
inevitable disappointment with the results
terids to be interpreted more as a reflection
on the techniology than on the inadequate
1mplementatlon process. There is no doubt
that many managers have mterpreted as
technical deficiencies problems that in fact
derive from the shortcomings of their own
strategic organizational choices.

Programs to Assist Technology
Transfer
Efforts to assist firms in understanding and
using advanced manufacturing technology
are emerging from three sources: the Fed-
eral Govemment, university research ceriters,
and private nonprofit educational and
professional associations. The nature and
scope of these efforts will be descnbed below
Few if any of these activities appear to
recogriize the systemiatic propemes of elther
the technologies or the client systems with
which they work. In many ways, these groups

are more concerned with the hardware than

with the software: organizational, or human

resource aspects of manufactaring technol-

ogies. As Noble (1979) indicates; the devel-
opment of advanced manufacturing systems
has tended to be left to “industrial tech-

nocrats..and self-serving computer jocks.”
The Federal Role in Manufacturing
Technology

There are approximatély one dozen Federal
programs focused on advanced manufac-
turing systemns. These programs are scattered
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Robotics Institiite of Amenca supports con-
ferences and workshops oriented arotind
robotics technology. At a more general level,

a heawy investment in these new technologies
and has been quite active in organizing

sympOsla training, and general knowledge

One problem with these training/dissem-

ination efforts has been that they have
addressed general technical issues rather

than Sp€CIflC operatlons at particular sites.

They also tend to treat only the hardware

aspects of implementation; which may be

the smaller (if more manageable) part of the

problem: Implementation issues are often

likely to be idiosyncratic and unpredictable
in natare and need to be addressed on the
shop floor. This aspect. of assistance has
been largely left to vendors of equipment,
and their peirf'csﬁﬁa"ri'cé has bééh uneven.
a short-tenn view of their cllents. What needs
to be determined is how they might be
induced to take a longer view, and if there
is an appropriate dissemination and imple-
mentation assistance role for Government
or Government-supported activities.

Policy Optlons

In some senses the issues raised in this paper

illustrate the limitations of traditional Gov-
ernment policy levers. If adoption and

implementation of advanced manutacturing

systems are phenomena played out in the

context of the firm itself; it is only partially

affected by interventions at the industry or

:ector level. Management practices and
strategies seem heavily implicated in the
successful implementation of these tech-
nologies; as does knowledge transfer re-
garding the technologies themselves. It is
unlikely that Government actions in such
areas as taxation could substantially alter
the incentive structure and consequently
the strategic vision operating in American
mantifacturing withiii anything like the time
harizons required. This Woild require a much
miore detailed taxation package than has

previously been enacted, ore heavily oriented
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toward rewarding productivity enhancement

and lmplementatlon of advanced process

technologies: This is an extremely microlevel
manipulation of economic policy; and it is
likely to be looked on with disfavor as an
excessive intrusion iato the operations of
market forces.

There does seem to be a a legmmate Gov-
ernment role in two particular areas beyond
the traditional {and still needed) support of
basic and applied research leading to tech-
nology development. The first is in knowl-
edge’ t'ran'éfé'r and diéseminatibn bf tech

transfer,and lmplementat)on assrstance is
extremely Scattered, and Federal agencies
involved in the development of manufac-

tiiring technologies have not been given

either a clear mandate or sufficient resources

to promote cwrhan implementanon

The barders to such an effort are more

conceptual and ideological than practical

Programs of this type would radically alter

the traditional Government posture toward

techriology development. In the past: the

Government has restricted itself to support

of research and early development and has

depended upon market forces to enhance

pall” approach.,ln contrast, an aggressnve
coordinated technology transfer program
{somewhat akin to agricultural extension)
would imply that Government had made a
strategic choice to “push” a family of tech-
nologies. While this would be unprecedented
in regard to manufactiiring technology for
the United States, it would more closely
approximate the posture taken by such
countries as Japan and West Germanp

An essential corollary of a “technology

push" postiire would be expllcn attention

to issues of worker displacement and

retraining. While the extent of worker

redundancy produced by the new tech-
nologies is unclear, it is virtually certain that

dislocations of labor will occur. Such options

as guaranteed employment, incentives for
retrarmn

_and employee galn shanng of

in this context (Business Week, 1982).

Moreover, policy should recognize that job

creation and new industry are priorities.
Another area of modest Federal achvrty

136



Q

ERIC

Aruitoxt provided by Eic:

ing of the dissemination and implementation

processes. As noted several times, the proc-

esses by which complex technologtes are

adopted and implemented are not well

analyzed; nor have thep been translated rnto

action programs in any systematic way: It

'should again be emphasized that advanced

manufacturing systems constitute very

complex innovations for adopting organi-

zations; and we could understand that
innovation process itself considerably better
than we do now.

 The bottom line is that one is. unllkely to
be able to implement advanced manufac-
turing technology adequately if it is viewed
as just another machine or tool for doing
what one is doing in the same way as at
present. While these systems are potentially
extremiely produictive—and probably essential
to the survival of the American economy—
they are radically different from present
technologies in crucial ways, Taking advan-
tage of advanced manufacturing capabilities
is a process that will require considerably
more; and more sgstematlc attention to the

phenomenon of deplopment than has

heretofore been generally in evidence in

U.S: industry. It will also require a significant

change in how ' managers vrew work and

agerial control requnred by advanced man-
ufacturing systems open up all kinds of new
possibilities for developing organizational
structures and p'rdcéssés Wlth both economic

the U.S. Govemment ‘must thlnk about its
role in enhancing such transitions, with at
least as clear a vision as that of its intema-
tional economic competitors.
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