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LETTERS OF TRANSMITTAL

DECEMBER 26, 1980.
To the Members of the Joint Economnic Committee:

Transmitted herewith is a staff study, printed separately, and tech-
nical papers which together form Volume 3 of the Special Study on
Economic Change (SSEC).

Volume 3 is entitled "Research and Innovation: Developing a Dy-
namic Nation" and is one of 10 areas on different aspects of the econ-
omy published by the SSEC. The SSEC was initiated in 1978 under
the direction of the former Chairman of the Joint Economic Com-
mittee, Representative Richard Bolling, then Vice Chairman Senator
Hubert H. Humphrey, and the former Ranking Minority Member,
Senator Jacob K. Javits. It is intended to identify major changes in
the economy and to analyze their implications for policymakers. The
successful completion of this Study will, I believe, help provide an
economic agenda for the United States for the decade of the 1980's.

The views expressed in the technical papers are exclusively those of
the authors and do not necessarily represent the views of the Joint
Economic Committee or of individual members. The staff study was
approved by the Chairman's Special Study Review Committee formed
by the Chairman, Representative Bolling, Ranking Minority Member
Representative Clarence J. Brown, and Senator Javits.

Sincerely, . ,n eao ais
LLOYD BENTSEN,

Chairmarn, Joint Economic Committee.

DECEMBER 22. 1980.
Hon. LLOYD BENTSEN,
Chairman, Joint Economic Committee,
Conqress of the United States,
Washington, D.C.

DEAR MR. CHAIRMAN: Transmitted herewith is a staff study, printed
separately, and technical papers entitled "Research and Innovation:
Developing a Dynamic Nation," which constitute Volume 3 of the Spe-
cial Study on Economic Change (SSEC).

The SSEC was initiated under the leadership of former Chairman
of the Joint Economic Committee, Representative Richard Bolling,
Vice Chairman Senator Hubert H. Humphrey, and former Ranking
Minority Member, Senator Jacob K. Javits. The Study is divided into
10 substantive areas, which together chart major changes in the econ-
omy and analyze their implications for policymakers. Volume 3
outlines the connection of research and innovation to this Nation's
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standard of living and economic expansion and, in particular, to pro-
ductivity growth ahd international competitiveness.

Sluggish productivity growth and high inflation marked the U.S.
economic scene during the 1970's. Factors contributing to the listless
economic pace included a slowing rate of innovative activity and lower
levels of investment, both in terms of R. & D. outlays and the number
of personnel devoted to R. & D. activities. U.S. expenditures for R. &
D. relative to GNP, have been on the decline while those of major eco-
nomic competitors such as Japan and Germany have been increasing.
This study outlines a Federal R. & D. policy program of industry-
government cooperation to improve the rate of U.S. technological
development.

It should be understood that the views expressed in the technical
papers are exclusively those of the authors and do not necessarily
represent the views of the Joint Economic Committee or of individual
members. The staff study was approved by the Chairman's Special
Study Review Committee formed by the Chairman, Representative
Bolling, Ranking Minority Member Representative Clarence J.
Brown and Senator Javits.

Sincerely,
JOHN M. ALBERTINE,

Executive Director, Joint Economic Comnmittee.
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INTRODUCTION

By Walter A. Hahn*

CONTENTS
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The supporting Research and Innovation Area Study (RIAS) ofthe Special Study on Economic Change provides a contextual and in-formational base for subsequent congressional policy analysis both
directly related to research and innovation matters, and for consider-ing research and innovation as an integral part of the total study ofnational economic change in a global context. Specifically, the RIASreport attempts to document what is known about the role of innova-
tion in economic affairs, past trends and the present state of the inno-vation "system," and the outlook and some options for the future.
These papers are designed for use both in the broader Special Studyanalyses and option reviews and by the Members of Congress in sub-sequent foresight, policymaking, legislative, investigative and over-sight actions. An early conclusion was that few additional detailed
analytical studies of research and innovation specific subtopics wereneeded for SSEC purposes. The quantity and quality of numerous
past studies and the relatively rich research literature of this field havemade it possible to prepare a variety of review and synthesis papersand to assemble selected revelant key documentation. Where currentthinking has gone beyond the available literature, several new paperswere commissioned. Where the source material was determined to beout of print or extremely hard to find, as for the 42 innovation studiesof the last two decades, reprints and abstracts are made readily avail-able in the appendix.

Studies of "innovation" are usually based on some explicit analyti-cal model. No one of the dozens of models used in prior innovation
studies seemed particularly adequate for this very broad and far-sighted Special Study. The one conscious model used in this area study

*Research and Innovation Area Director; Congressional Research Service, Library ofCongress.
(1)
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is the systems model. Research and innovation are presented in a sys-
tems context. In conventional systems analysis fashion the elements
of the innovation system are dealt with both separately in the context
of their relationships to each other. Simultaneously (also in conven-
tional "systems fashion") innovation is perceived as a subsystem of the
larger economic and social whole. The one overriding theme, perhaps
even conclusion of this Area Study, is the necessity to view innova-
tion in the system/sub-system contexts described above.

Three time frames are explicity treated in the RIAS Report. The
first time frame is the recent past-going back no more than two dec*
ades in a rather comprehensive review of the innovation literature.
The second time frame is the present-the two plus years the Special
Study was in process. Included are the results of a RIAS workshop of
current innovation researchers and policy analysts. Also in the present
time frame are the several especially commissioned papers recording
emerging issues and concepts relevant to technological innovation. The
third time frame is in the science and technology outlook and review
of future innovation possibilities, extending three decades into the
future. The emphasis in the outlook is on the 15-year center of the time
distribution. The first five years of the period (1980-85) are accepted
as essentially "given" or with so few options that they may be regarded
as extrapolations of the present. Put another way, any policy or pro-
gram options selected now cannot be expected to demonstrate much
impact on society or in the economy prior to 1985.

In summary, the Research and Innovation Area Study emphasizes
what has been learned in the last two decades, reviews current analyses
and actions, and identifies the major societal and economic impacts of
and on research and innovation likely to occur in the middle of the
next three decades.

OvnavIEw

"Innovation" has emerged in the last two years as a national hot
topic. Technologists and businessmen see it as being stifled, or at least
retarded, by regulatory and "micro-management" barriers. Business
magazines say our national innovation "elan" is gone. Also "gone"
(according to some inventors) are sufficient rewards for entrepre-
neurial risk-taking a stable environment for initiating long-range
endeavors. Those concerned with improving economic affairs are rec-
ognizing innovation as an essential element in the satisfactory per-
formance of the domestic and global economies. They also are becom-
ing aware that the health of the economy is a major factor in the
health of innovation.

Those who study the innovation process and its role in socio-economic
activities, simultaneously, and correctly, point to a lack of awareness
and use of much that is known and the continuing need for more
appropriate theory and for reliable and meaningful data. Consumer,
envronmental, and labor groups have, varying concerns for the negative
impacts of present levels of innovation.

Politicians are faced with resolving the competing claims of all
these groups, some of which are pushing for more and others for less
government intervention and by means often in severe conflict. The
pressures to resolve these differences are increasing much faster than
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clear and accurate knowledge upon which to base action and to assess
consequences. Additionally, those who must resolve these issues find
themselves bound by the precedents and constraints of both public and
private institutions designed for simpler times and situations.

From the materials gathered in this study it is clear that there is no
simple, quick, or overall solution to the "innovation problem." One
reason there is no consensus about the problem is that there are many
interrelated problems-and opportunities. Another reason is the com-
plexity and interactive nature of all of the elements. This applies both
within what this study has called the "innovation system," and with
two-way relationship between the innovation system and the large
set of national and global social, economic, and political affairs. A
corollary to this is the need for parallel action at first, the macro policy
and strategic level set of issues, and second, actions on individual
functional and industry sector issues.

There is debate as to whether or not there is an objective innovation
problem (or problems) or whether it is just the subjective perceptions
of certain people. For public and private policymaking purposes it
does not seem to make much difference what the answer is. If indus-
try, Government. consumer. and ether group representatives believe
things are not going well they will behave accordingly. And if that.
behavior hinders the achievement of social and economic goals, legis-
lative and executive government officials will be pressured and have a
responsibility to deliberate and possibly to act.

It is also very clear that the traditional separation of Government
interests from private industrial interests in the United States has
developed some negative and confusing overtones. Some industries
want less "interference" in regulatory affairs, others want selective
protection from foreign competitors, while still others seek Govern-
ment bail-outs. International traders simultaneously want more free-
dom, "Let's not export our antitrust and bribery laws to other cul-
tures," and more help, "Why can't we be more like Japan Incorporated
and have our Government behind us in international competition?"

Serious misunderstandings, ignorance of each other, and perpetua-
tion of old or false mvths abound between industry and Government.
Mutual trust and respect appear generally to be very low. It seems
clear that anv imnrovements in innovation and economic affairs must
include specific efforts to improve communications between the two
sectors and to develop means for cooperative analysis, planning, and
action. The situation is sufficiently polarized so that no sector or single
institution can be very effective through unilateral action.

A major essential goal of all parties must be to increase stability and
predictability. The actions of many of the parties in coping with each
other come as silrprises. which in tuirn renerate reactionary responses,
often with negative consequences for all. Defensiveness, the search for
"blame," and an ever-shortened outlook by all sectors, are among the
responses observed.

Restoring mutual trust and respect; developing cooperative analyti-
cal, policymaking and assessment mechanisms; and creating a stable
innovation environment are admittedly vague and difficult to achieve.
Nevertheless, the constant search for "solutions" and options through-
out this study reveals no other more important or consistent underlying
factors.
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Government, and particularly the legislature, would seem to be the
principal party to take the initiative and to provide leadership in
such basic human and institutional matters. Neither the Congress, nor
any other institution, can legislate trust, true cooperation or stability.
But it can take a number of actions that, both in their ends and
through their means, can move toward an improved climate. The hun-
dreds of individual proposed actions cited in the papers to follow fall
into a finite number of broad tractable but related categories:

Increase the flow of capital for innovative activities.
Improve the effectiveness of the patent system.
Enhance the ability of United States firms to meet international

competition.
Improve the "technology base" that underlies many firms or sev-

eral industrial -ectors.
Face the issue of Government incentives for individual (or small

groups) of potentially healthy firms in parallel with concern
for weakened ones.

Actively and cooperatively search out regulatory and other barri-
ers to productive and innovative endeavors and, at least on a
trial basis, remove them.

Permit (experimentally at first) cooperative actions among firms
where the public interest is served in parallel with the sepa-
rate private interests of the firms.

The point is not whether the above list is complete (it is not) or
right, but it does appear to be supported by the Research and Innova-
tion Area Study. The point is the need to select a few key, mutually
agreed upon, priority areas for action and to use them to change the
present trends and relationships. The rub is that to be effective, each
action must be taken in the light of its impact on all the other actions.
While the innovation "problem (s) " must be viewed holistically, there
is no such thing as a holistic or single "solution." One way to start
grappling with this situation where everything seems to be related
to everythng else, is to view it as three interactive levels:

View innovation as both a contributing element in socioeco-
nomic affairs and one requiring guidance from society and re-
sources from the economy.

View innovation as a system of interconnected functional ele-
ments (e.g., capital, anti-trust, R. & D., patents).

Deal with the specific and unique aspects of individual industrial
sectors and possibly some individual firms.

It may be that the Nation is approaching the point where some ac-
tion, even if imperfect, may yield far better returns than continuing
the present pattern of waiting until sure, or reacting suboptimally to
a variety of crises or special interest demands. The pressures for action
are mounting. The knowledge to take a variety of experimental and
some permanent actions exists. The rewards in increased social and
economic well-being would seem to exceed the risks of partial failures
and greatly exceed those of maintaining the status quo.

The complexity, scope, and knowledge base of the innovation "prob-
lem" does not permit "solving" it by listing a few key policy or pro-
gram options with accompanying pro-con analyses. This is neither a
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statement of hopelessness nor of pessimism. Rather it supports that
this study has found no simple, quick, or easy approach to improve
the innovative capacity of the Nation and, by implication, to improve
its economic and social well-being. But the study does demonstrate,
however, that our knowledge of how the innovation system works is
better and more extensive than many perceive. Unfortunately, we
know much more about the individual elements of the innovation proc-
ess than we do about how to put them together. Both the greatest op-
portunities, and the greatest difficulties, lie in integrating innovation
with the broader pattern of socio-economic affairs.

We know we lack adequate comprehensive theory, models, and in
some areas, we also lack reliable data and measures to know in advance
which policy, program and institutional changes will prove effective.
Does this mean that nothing can be done? The records of both the
executive and the congressional branches to implement recommenda-
tions based on analytical studies of innovation are poor over the past
10-20 years. Why have the recommendations of so many blue ribbon
panels, analytical studies, statements in hearings, and in the media,
not been implemented or even tried experimentally? The question is
posed rhetorically, for this study, like its predecessors, has not pro-
duced the answer to that question.

Some academicians and bureaucrats accept the lack of theory and
certainty as justification for inaction. Others decry the inertia and cul-
tural lag of our institutional forms and procedures. Some label it a
failure of nerve-someone else's. Each finger-pointer has at least one
other group to blame: too much (or not enough) Government, irre-
sponsible business, big labor, a consumer society, inflation and a fal-
tering economy, or just plain "them," referring to everyone from en-
vironmentalists to OPEC, and from political opposites to foreigners.
There is no consensus on what is the problem, but there does appear to
be consensus that there are problems, that the state of innovation is less
than desirable or possible, i.e., opportunities for improvements exist.
and that something needs to be done, now.

The dual hazards of consensus and proof must be cautioned against.
While there appears to be consensus on a variety of issues and "solu-
tions" to innovation problems, it is possible in some cases that consen-
sus is not firmly supported by empirical data and relationships. As
was noted earlier, however, in cases where people believe something to
be right or desirable, they will behave in consonance with their be-
liefs. Thus, action may be required by the policymaker anyway. In
many cases there is substantial evidence supporting certain findings,
but it may fall short of standards of scientific or legal proof. Also, as
was suggested earlier, logically this may not be sufficient cause for in-
action but is often offered as an acceptable excuse. Some of the com-
plex interrelationships concerning innovation may not be known in
the time frame needed for remedial action or new initiatives, even if
imperfect. And some may just be unknowable.

Amplifying details and supporting evidence have been deliberately
sacrificed in the foregoing overview in order initially to communicate
a synoptic view of the status of industrial innovation. Complete detail
and documentation are contained in the accompanying Research and
Innovation Area Study (RIAS) papers.
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SOME CONGRESSIONAL OprioNs

The purpose of this Research and Innovation aspect of the Special
Study on Economic Change was: (a) to provide a synthesis of what is
known about the innovation process and its role in socioeconomic af-
fairs; (b) to present this in the light of current actions, debate, needs
and opportunities; and (c) to offer some perspective on long range
outlooks for the future.

The process of compiling this synthesis has revealed several major
findings and option paths of immediate interest to the Congress. There
is growing recognition of the mutual reinforcement between a healthy
economy and vital innovation. Similar to recognition of the Nation's
poor general economic health there is widespread perception that the
state of innovation is less than possible or desirable. The overwhelming
mass of analytical policy and persuasive reports and the current hub-
bub of innovation writings and discussions create a climate demanding
action. The focus of that demand-or opportunity-is now the
Congress.

There is a wide variety of congressional action options that are
open to Congress. Broadly, they fall into five categories that can be
approached to parallel:

(1) Concerted action on the menu of already introduced bills
related to innovation.

(2) Swiftly reacting to proposals from the executive branch-
especially the President's messages on industrial innova-
tion and economic revitalization.

(3) Reviewing the several recent major innovation studies
(including this one) for actionable items and developing a
broader perspective on innovation.

(4) Initiating steps to improve and stabilize the general climate
both for substantive innovation in the private sector and
for participative innovation policy and program planning
between the public and private sectors.

(5) Initiating broad foresight and assessment activities for sys-
tematic and continuing action coupled with a few selected
analytical efforts to answer key questions identified in the
other four areas.

Within each of the five foregoing interrelated and parallel action
categories, the range of options for congressional action is
considerable.

Coordinated Legislative Action

Depending upon one's definition of "related to innovation," there
were between 30 and 200 such bills before the 96th Congress. Some are
well along in the legislative process while others have been recently
introduced only for discussion purposes. A few are broad policy and
organization oriented proposals but most deal with specific aspects of
innovation like tax incentives, productivity, small business, patents,
and research and technology. The specific menu of bills and their cur-
rent status are reported in detail in the Congressional Research Issue
Brief Industrial Innovation which can be obtained in current updates
directly from CRS. A key point arising from this Study is to suggest
that in the debate and consideration of each of these separate bills,
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specific and continuing attention be given to possible interrelation-
ships and mutual impacts among the many bills and possibly with
existing status.

Among the more visible recent integrating activities that contribute
to systematic Congressional consideration of individual actions to ward
improving the climate for industrial innovation are the following: this
Study and other activities of the Joint Economic Committee, the
House Task Force on Industrial Innovation, and the several continu-
ing coordinated activities between the House Subcommittee on Science,
Research and Technology with the Senate Subcommittee on Science,
Technology and Space. Additionally, several Senate committees areexploring formation of an information staff group for coordination of
innovation matters.

Two events illustrate what may be precedents for many similar
future coordinated Congressional activities. One was the House Col-
loquy on Industrial Association held on December 13,1979, and which
involved over 20 Members. Another was the afternoon following the
morning release of the President's Message on Industrial Innovation
on October 31, 1979, when four Congressional Committees held joint
hearings on the message, viz; the Senate Committees on Commerce,
Science and Transportation and. Select Committee on Small Business
plus the House Committees on Small Business and on Science andTechnology.

The President's Messages on Industrial Innovation and on Economic
Revitalization

The President's Message on Industrial Innovation of October 31,1979, identifies 31 specific actions, at least half of which invite some
form of congressional involvement. Based on early reactions (andexcepting patents) primary congressional interest appears to be in
those initiatives in the tax, capital generation, and regulatory areasthat were absent from the President's Message. Many other actions
are within existing authorization authority and can be dealt with innormal appropriation procedures. Several areas of R. & D. funding
priorities are less clear. Research and development can be and often
are major direct contributors to successful innovation. But innovation
can and does proceed without a direct link to R. & D. Ultimately, ofcourse, research, development and innovation depend upon a continu-
ously growing body of knowledge stemming from basic or fundamen-
tal research. Independent of the current innovation malaise there arestrong and separate arguments for a steady support of basic research
by the Federal Government. The present Administration and recent
Congresses have demonstrated awareness of this and the downward
trend of Federal budgets for basic research has been reversed. In spite
of the ever present demands for more R. & D. funding in some disci-plines or toward solving specific problems, there appears to be a con-
sensus that sufficient public and private funds are being applied for
R. & D. More of it may be going into shorter range pursuits than de-sirable and possibly too much of it is "defensive R. & D." directed
toward meeting regulatory requirements rather than generating novel
capabilities.
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There is growing concern that the so-called "generic technologies"
are undersupported. Generic technologies are those not in the single in-
terest of any one firm (or governmental agency) like materials, weld-
ing, or corrosion control. They are the technologies that underlie many
firms or entire industrial sectors. A number of R. & D. and innovation
studies and the President's Message on Industrial Innovation call for
increased government support of the generic technologies. Closely re-
lated are three Presidential proposals for better industry-university
cooperation in R. & D., for a small business innovation program, and
the establishment of corporation for innovation development. All of
these appear to be priority aspects of R. & D. funding for congressional
attention. Most of the other Presidential initiatives would seem to come
under normal oversight processes.

On August 28, 1980, the President issued a statement on his Eco-
nomic Program for the Eighties. It emphasized industrial "revitaliza-
tion" with specific attention to selected tax measures and restoration of
part of the cuts in Federal research and development investment made
in earlier budget proposals. Also with respect to industrial innovation,
the message called for creating "new partnerships . . . to foster co-
operation between government and the private sector in dealing with
the complex issues of industrial policy . . ." Specifically, business, la-
bor, and public representatives were to be appointed to a new Presi-
dent's Economic Revitalization Board. In addition to dealing with
worker displacement and training and improving productivity the new
Board is to make proposals for the establishment of an industrial de-
velopment authority. Eighteen specific proposals were made, several re-
quiring Congressional action.

Review of Major Innovation Studies

Like most studies, this one raises many issues for further study and
analysis. But it also presents almost overwhelming evidence that a
priority first step is critical review of the plethora of existing well
researched and often well articulated analyses and action proposals.
For example, it was beyond the scope of RIAS to determine which of
the 205 conclusions and recommendations extracted from the 42 past
innovation studies have been rejected or acted upon, which are in
conflict (thus offering specific alternatives), and which are viable op-
tions for immediate congressional action. In the many parallel (to
RIAS) innovation studies cited later in this introduction are over 300
more conclusions, recommendations, and options for action. Several
committees and subcommittees of both houses miav wish to cooperate
in conducting such a review and in deciding which, if any, of the
initiatives might best be pursued under their respective jurisdictions.

Improving the National Climate for Innovation

In the Overview of this introduction to RIAS, it is stressed that two
overriding considerations in anv congressional action are the inter-
relatedness of each activitv with the manv others, and generating an
overall climate for positive and participative action between Govern-
ment and the private sector. Implied within this is increased under-
standing and cooperation among the branches and levels of Govern-
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ment. All sectors are looking for a clear steady signal as to the direction
and priorities of national innovation activities and of their relative
rolls as contributors and beneficiaries. If it were only possible to
legislate effective communications and mutual trust and respect among
the many actors in the innovation process, that would certainly be a
priority recommendation of this study. It should, however, be a priority
goal and consideration in all congressional activities related to
innovation.

FORESIGHT AND ASSESSMENT

It is tempting in any report like this to identify key substantive
areas of technology for priority attention. The examples of the con-
certed efforts of the Japanese in video recording and now in robotics
are often cited. Similarly the United Kingdom is focusing on selected
aspects of information technology, and Sweden on forest products.
There is no consensus nor any analytical arguments as to which set of
technologies the United States as a nation should optimally pursue.
Most science and technology outlooks (including this one in RIAS)
strongly suggest that the "post industrial society" will turn out to be
an "age of information"-to be followed by an era of "biotechnology"
early in the 21st century. Information, computer and communications
technmologies are advancing very rapidly and are increasingly so
entwined that the term "compunications" is approaching common use.
Evidence is growing that suggests dramatic changes in biology and
medicine stemming from progres in both R&D and clinical practice.
The demands of the energy crunch are "pulling" energy supply and
conservation innovations from all sectors of society. Innovation in
transportation is similarly driven more by demand than by radically
new technological possibilities.

The Science and Technology Outlook that follows in this report as
well as similar foresight documents offer a wide range of scientific and
technological possibilities and descriptions of unmet social, economic
and environment needs and desires. But there appears to be neither
need nor pressure for the Congress to select a few lead technology areas
for the United States to pursue on a national priority basis to be more
competitive in world markets. To the contrary, though far from con-
sensus, there are strong feelings and arguments made for leaving this
type of decision to the market forces, domestic and global. Congress,
the executive agencies, and State and local governments can and will
continue to invoke priority choices for innovation activity for meeting
internal government and public needs and desires.

Another pervasive theme throughout RIAS is recognition of the
long time span of the interacting elements of the innovation system.
The time from invention to application and use of an innovation often
exceeds a decade. Sometimes a decade passes before the full im-
pact on society, the economy, or the environment is realized. This
suggests the need for increased emphasis on foresight and assessment
in policy planning and other legislative actions. Congressional actions
on innovation matters today will have their major impacts on society
in the 1985-1995 period-but they must start today if they are to have
effect even then.

A variety of foresight, impact assessment, and policy analysis op-
tions are open for extending the outlook of decisionmakers. Beyond
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the traditional hearings and investigatory activities of committees is
the requirement in the Rules of the House of Representatives for com-
mittees to "review and study any conditions or circumstances which
may indicate the necessity or desirability of enacting new or additional
legislation within the jurisdiction of that committee . . . (and) . . .
shall on a continuing basis undertake futures research and forecasting
on matters within the jurisdiction of that committee". This is known as
"The Foresight Provision" to be found in Jefferson's Manual, Rule X,
section 692(a). Foresight activities in the Senate are less formalized
but were recognized by the Commission on the Operation of the Senate
which recommended that the Senate "Establish in or through the
Senate policy committees-restructured and staffed for the purpose-
responsibility for assuring that appropriate standing committees iden-
tify and analyze major national problems before they become matters
of public concern and hasty legislative action."

In 1976 Members from both houses joined in establishing the Con-
gressional Clearinghouse on the Future. The Clearinghouse has spon-
sored dinners with prominent futurists for Members and informational
seminars for their staffs. The Clearinghouse, with assistance from
CRS, set up a Trend Evaluation and Monitoring (TEAM) project.
TEAM serves as an early warning system of emerging issues. To keep
Members informed of current and forthcoming developments, the
Clearinghouse publishes a newsletter, "What's Next?" which is widely
circulated on Capitol Hill and beyond. More recently, the Clearing-
house has formed the Congressional Institute for the Future, a non-
profit support group for analysis and consultation. In support of the
array of activities above, the Congressional Research Service has
developed a Futures Information Retrieval SysTem (FIRST) and a
permanent interdisciplinary professional staff Foresight Team. Also,
under the terms of the Legislative Reorganization Act of 1970, CRS is
required "to advise and assist ... in the analysis, appraisal, and evalua-
tion of legislative proposals . . . so as to assist . .. in: (a) determining
the advisability of enacting such proposals; (b) estimating the prob-
able results of such, proposals and alternatives thereto; and (c) eval-
uating alternative methods for accomplishing those results....." CRS
has the additional responsibility for preparing "emerging issues" re-
ports for committees in each new Congress. In 1972, the Office of Tech-
nology Assessment was established with the "basic function to provide
early indication of the pro~bale beneficial and adverse impacts of the
applications of technology...." The Congressional Budget Office was
established in 1974 to provide Congress with budget data and forecasts
along with analyses to alternative fiscal, budgetary, and programmatic
policy issues.

The point of all of the foregoing is to note that considerable in-
formation and institutional resources are available to help Congress
perform its foresight and assessment roles with respect to research and
innovation.

WHAT Is KNOWN?

A key paper describing the current state of knowledge is: "The
Process of Technological Innovation in Industry: A State-of -Knowl-
edge Review for Congress." One thesis of this paper is that, although
knowledge remains limited, recent (e.g., in the past decade) research
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has resulted in more information about the process of industrial in-
novation than most policymakers realize. The objective of the paper
is to summarize and translate the research findings into a form useful
to congressional staff and Members. For purposes of this report, tech-
nological innovation is defined as the process by which society gen-
erates and uses new products and manufacturing processes. It includes
the activities ranging from the conception of an idea to its widespread
application by society. The activities include the generation, research,
development, introduction, and diffusion of new and improved prod-
uicts, processes, and services for public and private use. Although
civilian-oriented industrial innovation is largely a private sector
activity, Government has an interest in its socio-economic impacts on
the Nation as a whole.

Industrial innovation may be regarded as an investment activity,
and like other investments, it responds to economic forces, such as de-
mand and costs. It is also affected by technical and institutional factors,
which guide the innovation and determine how rapidly innovation can
respond to economic signals.

Innovation may be viewed as a process of uncertainty reduction.
Is the idea proceeds through the stages of innovation, the investment

increases and information is produced that allows a firm to estimate
more accurately a project's economic and technical potential. As the
investment becomes larger, the evidence must increasingly point to the
probability of profitable production to justify continuation. The
various types of uncertainty involved in innovation are described, as
well as their effects on innovation decisionmaking and the types of in-
novations that are undertaken.

Relationships between technological innovation and such aspects
{of industrial organization as firm size, industrial concentration, mar-
ket entry, diversification, and spin-off firms have important implica-
tions for public policy. However, research findings have been largely
contradictory and inconclusive. Recently developed theories of indus-
trial life cycles may help explain some of these findings.

The diffusion of innovations among industry, which is the means by
which an innovation's economic and social impacts are made, may take
a long time. Factors affecting the rate of diffusion of innovations are
similar to those affecting the generation of innovations: for example,
the cost of the innovation and the advantage it offers. As an innovation
diffuses through industry, it may change as it is improved and
modified.

The time lags involved in the innovation process are often lengthy.
However, it is not necessarily always beneficial to shorten the innova-
tion process too much, since the lag may be caused by the absence of a
market for the innovation, bottlenecks in related technologies, or
negative societal impacts.

This paper's findings have implications for congressional decision-
making for innovation policy. Listed here in brief form, they are dis-
cussed in more detail in the paper:

Innovation is a complex process and our understanding of it is
limited;

The essence of innovation is uncertainty about the outcome;
The importance of market factors to industrial innovation is dif-

ficult to overemphasize;

56-367 0 - 81 - 2
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Innovation is a costly and time-consuming process;
The economic and social impacts of innovation are made through

their diffusion;
Basic scientific research seems to underlie technological change in

complex and indirect, but important ways;
The innovation process differs from industry to industry, sector

to sector, and even firm to firm;
Financial and manpower resources are necessary, but not sufficient,

for innovation; and
Both large and small firms play important roles in innovation and

those roles differ from industry to industry.
In addition to academic research on innovation there have been a

plethora of policy and issue studies by a variety of boards, conferences,
contractual and in-house analytical teams, and a few by individuals. In
the chapter entitled, "Two Decades of Research on Innovation: Se-
lected Studies of Current Relevance," the authors have collected the
many proposals for policy and action that may be still relevant but
are largely unevaluated and untried. This collection provides, in one
place and in abbreviated form, a selection of the executive summaries
(or equivalent) of 42 prior studies. The selection is judgmental and
was made by a network of research, development, and innovation ana-
lysts. The selection criteria are:

(i) Major studies dealing with the entire innovation system, and
not only isolated factors within it;

(ii) Studies containing explicit public policy recommendations,
or contributions, to the general understanding of innovation;
and

(iii) Studies recent eiiough to be of continuing relevance to policy-
making.

One example is "The Charpie Report" of 1967 which is still widely
cited as a nonimplemented "classic" in this field. The 205 recommenda-
tions contained in these reports are extracted and grouped for ease of
assimilation. A consolidated display of all recommendations attempts
to show the action parties to which the recommendations appear to
have been directed. Three categories of action parties are noted:
policymaker, executor, and and impacted party. Brief statements of
the 205 policy recommendation for stimulating innovation, are cate-
gorized into 14 policy areas which have been extracted from the 42
studies. Some of these recommendations, appear to overlap; others
may be contradictory. Some are broad and general; other are narrow-
ly focused. As a package, however, they represent candidates fo re-
view and action because of their continued relevance and likely efficacy
in stimulating innovation. The paper also presents brief abstracts of
the central points of the 42 studies. Scanning these 42 sets of short
paragraphs will provide a panoramic view of the last two decades of
literature on innovation. Because most of the 42 documents cited are
out of print and very hard to locate, the key summary or conclusion and
recommendation sections have been extracted and reprinted in an
appendix.

Taken together, these selections provide the main sources for mlelh
of the current understanding of the innovation system, and illustrate
the many interconnected issues which must be faced by policymakers
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seeking to stimulate technological innovation. Likewise, the identi-fication of action parties connected with the recommendation indicateshow many segments of the Federal Government intersect with the in-novation system, and suggests the need for integrated, and compre-hensive policymaking. No in-depth evaluation of the individual rec-ommendations, however, has been attempted here.
The final RIAS paper in the "known" category is "The Relationshipof Federal Support of Basic Research in Universities to Industrial In-novation and Productivity." This paper presents an overview of whatis known about the relationship of Federal support of basic researchin universities to industrial innovation and productivity. It reviewsthree kinds of evidence which bear upon this issue: the conceptualrelationship between science and technology, the nature of universityindustry relations, and economic studies of the contribution of research

and development to economic growth and productivity.
The report reveals that there is widespread agreement among uni-versity, government, and industrial officials that Federal support ofbasic research in universities is an effective method of enhancing thescience base for industrial innovation. However, economic studies havebeen unable to isolate the precise quantitative contribution of basicresearch (as opposed to applied research and development) to eco-nomic growth and productivity. The extent of institutional barriersbetween universities and industry may be obstructing the transfer ofbasic research results to industry preventing them from being embodiedin new technology and thus contributing to improved economic

productivity.
The report concludes that Federal funding of basic research in uni-Versities may be viewed as an investment that will have payoff pri-marily in terms of improved efficiency of the R. & D. process and majortechnological changes that may permit continued improvements ineconomic productivity in the long-term future.

STATUS

Realizing that the cutting edge of research and real-life practice areusually some distance ahead of much of the research and policy anal-ysis literature, an attempt was made both to update, and to some de-gree authenticate, the picture presented in the foregoing papers. "Re-
search, Innovation, and Economic Change" is a summary and analysisof the presentations and discussions of the December 1978 "synthesis"workshop attended by all SSEC Research and Innovation Area Studyauthors and staff, an approximately equal number of outside academicand industrial experts, plus participants from the President's Do-mestic Policy Review Study, National Science Foundation, and theparallel Committee on Economic Development innovation study.Among the major issues discussed were the innovation process, tech-nology transfer, the linkages between innovation, economic growth andproductivity, and the Government's role.

This workshop provided considerable insight into the linkages be-tween research and innovation and economic growth and productivity.In the iargon of some of the analysts participating, "we have begunto see the systemic and holistic nature of the set of (innovation) proc-
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esses under investigation." The outside participants gave the authors
a feeling of increased confidence that the study team had achieved
satisfactory coverage of the key topics in research and innovation.

The workshop was conducted for the study team by an external
university group of science and technology analysts who produced a
condensed and separate statement of the current state-of-knowledge
about the innovation process and its role in the economy. Among the
themes stressed during the workshop discussion were: the apparent
decline in the vitality of U.S. technological infrastructure and the loss
of an "innovative elan"; and the lack of definitive knowledge about
the relationships between investments in research and development
and desirable economic change. Although the workshop discussions
produced no formal consensus on specific policy options, the general
sense of participants was that: (1) there was a need for both remedial
and anticipatory policy actions in the research, development, and in-
novation areas; and (2) there is enough knowledge, given the risk
of no action, on which to base policy choice. Policy options identified
in the workshop report as meriting particular attention include:

(1) Developing attitudes and mechanisms supportive of posi-
tive government-business relationships in the areas of civil-
ian research and industrial innovation.

(2) Examining the organizational structure of the executive
branch, with respect to its ability to carry out the Federal
role in those areas, including the support of basic and ap-
plied research for industrial application.

(3) Identifying existing Federal policies and practices which act
as barriers or deterrents to innovation, and where it is pos-
sible without compromising the primary objectives of those
activities, modify them to remove or reduce their negative
innovation impacts.

(4) Lessening congressional pressure (or at least correcting the
perception of such pressure) for short-term evidence of the
success of Federal actions in support of industrial innova-
tion, including research support and support of demonstra-
tion projects.

(5) Developing incentives for labor and labor unions aimed at
persuading them to accept, if not actively support, tech-
nological changes in the manufacturing and service sectors.

The workshop synthesis paper focuses intently on the operation of
the innovation system-it is an inward look. A parallel view from
the outside, from "the economy" so to speak, is presently in "Techni-
cal Advance and Economic Growth: Present Problems and Policy
Issues." This paper analyzes the causes of some of the -aspects of pres-
ent economic difficulties reflected in inflation, unemployment, and
declining productivity gZrowth. It concludes that the significant de-
celeration since 1973 in R. & D. expenditures has been primarily due to
the deceleration in growth of economic output. However, slow and
conservative technical advance can make it more difficult to get out
of the current economic rut, while faster and more innovative techni-
cal advance may make it easier to get out. The author does not advo-
cate government stimulus of basic technology as the most important
instrument in resolving today's macroeconomic problems, but argues
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that such policies can be important parts of an effective policy
package.

For a different synthesis of much that has been said above, placed
in balanced perspective both in terms of time and the international
milieu, one last "status report" is offered. "The Revival of Enter-
prise," by Theodore .J. Gordon was presented as a Mitchell Prize
Award paper at the Third Biennial Woodlands Conference on Growth
Policy in Houston, Texas, October 28-31, 1979. The author defines
"enterprise" as "the willingness to venture on bold, hard, and impor-
tant undertakings with energy and initiative." Production and in-novation are two key concepts threaded throughout the paper. He de-
clares that currently in the United States, enterprise "has a strangely
negative pall." The paper responds to a set of author posed ques-
tions: Was enterprise as real as we remember? Has it really changed?
If so, why? Can it be revitalized? Should it be? Gordon's answers
are clear and succinct:

Yes, enterprise did once flourish in our country and has now diminished inintensity. The reasons for its current lack of vigor are hard to pin down exactly,but include satiation, diversion of resources from "productive" to "unproductive"pursuits, and above all, increased uncertainty occasioned by inflation and regu-lation. Uncertainty results in a short-term perspective. There are many proposalsfor stimulating innovation and productivity but their effectiveness is not certain,by any means. Even if these proposals work as intended and they stimulateinnovation productivity, they may not rekindle enterprise. After all, innova-tion may be channeled to trivial pursuits and our definition of enterprise re-quires hard, bold, and important action. Finally, the opportunities and needsfor enterprise abound and in some instances, at least, there seem to be fewalternatives.

Another paper in the RIAS is on "The Role of Imbedded Tech-
nology in the Industrial Innovation Process." Roughly defined, im-
bedded technology focuses on that great bulk of minute incremental
technological changes and advances that constantly occur in all manu-
facturing, maintenance and operational activities throughout thetechnological infrastructure of an industrial society. This has beentermed imbedded technology or "IT," and concerns a multitude oftiny advances not directly resulting from planned R. & D. efforts. A key
part of the effort was to define imbedded technology, and to describe
its nature and extent with particular emphasis on its critical, but often
unrecognized role in innovation.

One of the problems in analyzing and assessing policy for innova-vation is clasifying the technuogy and/or its applications in consistent
and measurable ways. One aproach to the problem is offered in an
exploratory paper, "A Quantitative Technology Index to Aid in Form-ing National Technology Policy." This paper attempts to go beyond
the widely used but vague terms, "high" and "low" technology, toprovide an extended and more replicable method of categorizing tech-
nology for policymaking purposes. The index proposed is composed
of multiple subjective scales in three descriptive areas: the techno-
logical product per se, the process of its manufacture, and the nature
and extent of the distribution system. As with the other commissioned
papers, this is a "think piece" outlining concepts and approaches but
stopping short of development of a working tool. If a continuing needis perceived and if this approach appears to have merit, a subsequent
action could be to initiate development and testing of the approach
offered.
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Most of the attention of the literature and current discussion is
directed toward our American, large scale, very sophisticated style of
innovation. This is perhaps as it should be, for therein has lain the
major effort and resource commitment, the largest benefits, and the
most critical policy and procedural questions of the past. The paper,
entitled "The Role of Small-Scale Technology in Innovation," deals
with an innovation issue just emerging on the American scene-in-
novation for small-scale, decentralized, low energy, low pollution, and
possibly more labor intensive technologies and processes. As yet we
are unaware of the full nature and extent of this area and thus of its
policy implications. This paper will supply a view of this parallel and
future oriented countertrend that must be dealt with along with the
larger primary issues. As economic, social, environmental, and cultural
standards have changed, new and different demands are being made by
the public. In recognition of this, innovation in small-scale technology
is becoming a part of the U.S. scientific and technological endeavor.

Small-scale technologies are generally labor-intensive, use local
materials, are easy to maintain and repair, require minimal capital
investment to acquire and operate, and utilize renewable or abundant
resources. These technologies also tend to foster self-reliance and de-
centralized decisionmaking. They offer an alternative mechanism to
reach an objective or meet a demand. In pursuit of economic growth
a balanced approach to both standard and small-scale innovation is
necessary. Innovation in small-scale technology offers a different per-
spective on the process of invention but it does not preclude nor deny
the importance of traditional practices. It is a way or reacting to the
increased demand for understandable technology, for technology over
which the individual has control, and for technology which reflects in-
dividual needs and the requirements of the local environment. By ex-
panding the type of technologies available through innovation, it may
be possible to increase the store of technologies' from which to select
and meet the demands of our changing society.

Another emerging topic is "Innovation in Public Technology." A
more accurate title for this exploratory paper might be "the lack of
innovation in the (so-called) public technology area." Public demands
and Federal regulations are placing increasing responsibilities on
State and local governments. Concurrently, budget limitations are con-
straining the amount of resources that these jurisdictions can spend
meeting the needs of their citizens. One solution to this dilemma is to
increase the productivity and effectiveness of public goods and services
through the applicition and utilization of technology. This process-
labeled "public technology" in the State and local sector-affords a
mechanism to foster new innovation to supply solutions to State and
local problems. However, non-Federal jurisdictions generally appear
to be unreceptive to innovation. Compounding this situation, the State
and local marketplace is characterized by a proliferation of policies,
practices, and organizations which, when combined with an apparent
lack of technical expertise, leads to a "no-risk" environment. Because of
the absence of an aggregated market, industry has tended to avoid par-
ticipation in the public technolo.-y venture. The private sector remains
apparently unconvinced that there would be a sufficient return on
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investment in technology specifically designed to meet the needs of
these jurisdictions. To fill the gap between what States and localities
need and what technological solutions are available, the Federal Gov-
ernment has created various technology transfer and technical capabil-
ity building programs. Yet it appears that industry could be attracted
to innovation in the State and local arena if markets could be identified
and aggregated. This would encourage industry competition for new
technological innovations to assist State and local governments in
meeting the needs of their constituents. The Congress, while interested
in innovation, has not devoted extensive attention to the impact of the
public technology market on the U.S. economic situation. Amongr the
options available, Congress can provide technology transfer guidelines
and support executive branch efforts to improve the technical capabili-
ties of States and localities such that these jurisdictions can offer an
additional outlet for innovation in industry.

OUTLOOK AND PARALLEL INNOVATION STUDIES

Relating to the'past and emerging from the present are a mix of
future issues and opportunities relating to science and technology. A
central paper in this Research and Innovation portion of the long
range oriented SSEC is, therefore, "A Science and Technology Out-
look." Covering a period starting about five years in the future, this
outlook goes out three decades, with the emphasis on the 15 year mid-
dle zone, i.e., 1995. The Outlook identifies those factors internal and
external to science and technology (S and T) that need to be under-
stood by policymakers to integrate S and T policy effectively into the
overall techno-economic policies of the Government. In one sense, this
longer range Outlook in RIAS picks up where the executive branch
Science and Technology Five Year Outlook ends. The shorter range
effort was mandated by the National Science and Technology Policy
Organization and Priorities Act of 1976 (Public Law 94-282). Their
initial study is an attempt to set forth a preliminary structure for a
comprehensive Science and Teclnology Outlook, particularly as sci-
ence and technology relate to economic change.

The approach in this S and T Outlook is fivefold. First, it examines
the systemic factors involved in the Nation's scientific, technical, eco-
nomic, environmental, social and political areas. Second, it investigates
the total interactive "environment" in which the national science and
technology system operates. Third, it identifies some emerging tech-
nological developments which seem likely to be, particularly important
in the near-term future. Fourth, it reviews basic assumptions, an often
neglected task in policy analysis. Lastly, it analyzes the preliminary
findings for options and policy alternatives.

Considering basic assumptions first-three scenarios incorporating
alternative sets of basic assumptions are developed. The "extrapola-
tive" scenario now seems to be the most likely and most preferable of
the three presented in this analysis, although it includes significant ex-
isting and emerging problems. Hence, national science and technology
policy alternatives are likely to be developed around this basic scenario,
or a similar one, either implicitly or explicitly. The thrust of the ex-
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trapolative scenario is that the principal parameters of the global (or,
at least, American) socio-politico-techno-economic system will remain
fairly constant over the immediate and near-term future, that is, for
at least the next 30 or so years. Another way of saying this is that the
future will be mainly characterized by extrapolations of existing
trends. Two alternative scenarios considered for comparison are the
"changing values" and "discontinuity" scenarios.

Assuming the general validity of the extrapolative scenario, the
national science and technology system may be called upon to con-
tribute, in a global context, to the solution of most, if not all, of the
14 major world problem areas discussed in the report. In the activistic,
dynamic society envisioned in the extrapolative scenarios, none of
these 14 major world problem areas is likely to be ignored and the fol-
lowing ones are likely to be emphasized:

World population growth and Techno-economic security
aging populations. and viability.

Food: agricultural produc- Energy.
tion and distribution. Health and biosciences.

Foreign affairs and military
security.

Likewise, under an extrapolative scenario, all of the ten representa-
tive emerging technological developments discussed in the report,
and many more, are likely to receive increasing attention and pro-
grammatic support from both industry and Government. The ten
technological developments discussed are:

Birth control. Transportation: short-hop
Food: agriculture. STOL airliners.
Health: combating future Technology-abetted political

cancers. participatory systems.
Biosciences and bioethics: DNA. Energy: oil shale.
Microelectronics: computers Energy: fushion.

and telecommunications. Space colonization.

Finally, under an extrapolative scenario, two organization policy al-
ternatives are likely to receive increasing attention at the Federal
policymaking level. These are:

Further development of the Federal science and technology pol-
icy and management structures; and

Further development, and perhaps institutionalization, of the
Nation's analytical foresight capabilities and of effective link-
ages between those capabilities and technology policymakers.

To investigate these factors comprehensively, thoroughly, and con-
tinuously probably would require the institutionalization of the Sci-
ence and Technology Outlook at the Federal policymaking level.

As part of his Outlook. a number of recent studies of the future of
science and technology. or of some selected aspects of the future of
science and technology. were reviewed for methodology (or approach)
and content. A principal example of one such science and technology
outlook study is "Science and Technology: A Five-Year Outlook"
prepared by the National Academy of Sciences (NAS) under contract
to the National Science Foundation. The NSF had been delegated the



task originally mandated to the Office of Science and Technology Pol-
icy, Organization, and Priorities Act of 1976 (P.L. 94-282). This
NAS report uses a "selective approach) and investigates a few
areas of science and technology; demography, health, and environ-
ment as related to science and technology; and relevant institutions.
Other forward looking science and technology reports reviewed in-
clude those of the Organization for Economic Co-operation and De-
velopment (OECD) project called "Interfutures" and entitled "Fac-
ing the Future", for example, analyzed "simultaneously the longer-
term problems of the developed countries ... and relations between
these countries and the developing countries." Moreover, the study at-
tempted to consider how governments of developed (particularly
OECD) countries could incorporate their short-range activities into
longer-term approaches and governmental policy options to address
these long-range problems.

Also a number of studies undertaken on an individual basis by sev-
eral foreign countries were examined. Although not directly related
to industrial innovation, readers should be aware of the "Global 2000
Report to the President" which covers the "probable changes in the
world's population, natural resources, and environment through the
end of the century" and was designed to serve the Administration as
"the foundation of our longer-term planning." Similarly, attention
should be given to the report of the President's Commission for a Na-
tional Agenda for the Eighties scheduled for submission in December
1980.

Many private groups and government agencies have studied the
multiple facets of industrial innovation, productivity, and science
and technology during the same period. In addition, the Carter Ad-
ministration has issued pronouncements and initiated programs sup-
portive of basic research and industrial innovation. In considering
the next policy, action, or analytical steps, readers should at least be
aware of the selected and briefly annotated list of documents that fol-
lows in appendixes A and B.

APPENDIX A

EXCERPTS FROM Two DECADES OF RESEARCH ON INNOVATION

This appendix reproduces selected material from each of the 42 studies in-
cluded in the chapter "Two Decades of Research on Innovation: Selected Studies
of Current Relevance." The material is presented in the form of selected ex-
cerpts of the executive summaries, principal findings, recommendations and con-
clusions, or other pertinent sections. These selected excerpts, reproduced from
the primary sources, permit the reader to view them directly since in many cases
it is no longer possible to locate the original documents. Permission to repro-
duce the material has been given to the Congressional Research Service, Library
of Congress, except as noted otherwise.

1. Little, Arthur D., Inc. and Industrial Research Institute, Inc. Barriers to Innovationin Industry. Executive Summary. Washington, 1973. Prepared for the National ScienceFoundation under contracts NSF-C748 and C725. 38 pp.

AnSTRACT

The purpose of this study was to identify and examine barriers to tech-
nological innovation in industry and to suggest public policy options for over-
coming these barriers. Industrialists, financial managers, government officials,
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labor leaders, and academicians were interviewed to solicit facts, experiences,
and informed judgments. It is their perceptions of both barriers and policy
options that were sought and are reported here.

This research indicates that the perceived barriers relate primarily to market-
ing. Other important barriers concern finance, organizational problems within
corporations, lack of seed capital for starting new high-technology businesses,
and governmental policies and practices, e.g., in patent, antitrust, and regulatory
matters. It was not intended, and no attempt was made, to consider major tech-
nical breakthroughs; relatedly, technological barriers are not perceived by
industry as significant in the "normal" innovations that it pursues.

The sample of industrial firms were so chosen, for this research, as to cover a
spectrum of industry sectors and corporate characteristics with significant
variations in such factors as R&D investment, growth rate, eapital intensity,
product/process obsolescence, and management practices. Interviews were both
structured with respect to specific categories of barriers to innovation in order
to derive a quantitative rating severity of specific barrier factors, as well as
unstructured so as to elicit qualitative perceptions of barrier factor characteristics
and suggestions for public policy options to overcome barriers.

Many of the significant barriers can probably be overcome or reduced in im-
portance by suitable public policies. Recommendations were made by respondents
in industry, government, finance, and labor for specific public policy options rela-
tive to the most significant barriers. Their chief overall comments-in the context
of enhancing the industrial environment for innovation-are:

Designate a focal point in the Executive Branch of the Federal Government
to coordinate public policies related to technological innovation.

Clarify public policy objectives for technological innovation, e.g., inter-
national trade, productivity, consumer satisfaction, job creation, increased
industrial competition.

Increase effectiveness of public policies by targeting them to be industry-
sector specific where necessary.

Articulate and aggregate market demand for products and services pur-
chased with government funds, so as to create additional market "pull"
(to complement technology "push") in those areas where private market
forces are insufficient to sustain innovation.

This study was intended to be an exploratory assessment of barriers to in-
novation as these are perceived by both the private and the public sectors. The
findings are indicative of the relative severity of different kinds of barriers;
they are not conclusive evidence in sufficient detail to provide the basis for
definitive public policy formulation. Rather, the indicative findings presented
(both quantitative and qualitative) of perceptions held in the private sector,
together with the suggestions for public policy options that were offered by in-
dividuals interviewed, merit consideration by those in government who have
the responsibility for experimenting with and developing policies that would
provide incentives for technological innovation. In many instances, it is likely
that more detailed analyses of specific barriers should precede the conduct of
experiments that are to illuminate the efficacy of specific public policy options.

2. Battelle-Columbus Laboratories. Interactions of Science and Technology In the Innova-
tive Process. Final Report. Columbus, Ohio, 1973. Prepared for the National Science
Foundation under contract NSF-C667. Various pagings.

ANALYSIS AND CONCLUSIONS

This section presents some details of the analyses that were explained briefly
in the Introduction and Overview, and summarizes the conclusions drawn from
these analyses.

The 21 Factors and the Decisive Events

As explained earlier, 21 factors of probable importance to the direction and
rate of the innovative process were selected from the general literature. These
factors were rated as to degree of importance to each of the decisive events of
the 10 innovations. The factors are defined or illustrated briefly below.
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The first three factors are related to various motivational influences:
Rccognition of scicntifle opportunity.-Motivation for the timely acquisitionof new fundamental knowledge.
Recognition of technical opportunity.-Motivation for the timely improvement

of an existing product or process.
Recognition of the nced.-Motivation for solving the problem or meeting theneed satisfied by the eventual innovation.
The next four factors involve actions taken consciously by management:
Management venture decision.-Decision by an organization to invest in some

large-scale technical activity. The activity need not be directly related to the
Innovation under study. The decision is usually followed by the formation of anR&D team to carry out the activity.

Availability of funding.-The existence (rather than the extent) of financial
support. Early in the innovative process, even limited funds can provide forcritical experiments that may influence management decisions.

Internal R&D management.-Role of supervisors and other management per-
sonnel within the performing organization. It includes those who give specific
suggestions and directions to R&D personnel, set goals and schedules, and as-sign staff.

Formal Market Analysis.-Economic feasibility studies of an innovation, es-pecially estimates of its potential market.
The next four factors may involve management in some sense, but do notnecessarily imply specific action by management:
Prior Demonstration of Technical Feasibility.-Earlier activities that estab-

lished the practicability of further development or the utility of further re-search.
Technological Gatekeeper.-An individual who identifies scientific or technical

information of relevance to the interests and activities of the researchers.
Technical Entrepreneur.-An individual within the performing organization

who champions a scientific or technical activity; he is sometimes also called a"product champion".
Patent/License Considerations.-Existence of patent protection of inventions,or of licensing arrangements.
The next four factors describe peer-group forces that impinge on the R&Dscientist:
Technology Interest Group.-(also known as the "invisible college") a group

of researchers from different institutions who exchange ideas and findings via
personal meetings, letters, etc., as distinct from the formal (publication) chan-nels of communication.

In-House Colleagues.-technical personnel within the performing institution
who collaborate on or otherwise facilitate the activity. Often they are membersof an R&D team.

ExrternaZ Direction of R&D Personnel.-suggestion of goals and approaches bypersons outside the performing organization.
Competitive pressures.-competition among persons and organizations work-ing in the same technical area.
The next two factors are circumstances that are usually unplanned or acci-dental:
Serendipity.-emergence, during the event, of unexpected scientific or techni-cal results that proved useful in promoting the innovation.
Technology confluence.-merging of major channels of development, oftenfrom diverse scientific fields, making possible new advances.
The remaining four factors refer to external factors that form the generalenvironment within which the innovative process takes place:
General Economic Factors.-such as a recession or depression.
Social Factors.-such as group customs, beliefs, and attitudes.
Political Factors.-such as elections or war.
Health and Environmental Factors.-such as famine or disease.
The last four factors permit consideration of influences not included in specific

external factors such as, for example, Competitive Pressures. These categories
were purposely left broad, so that the appropriate factor could be applied to agiven event from among the diverse possibilities.
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TABLE L.-Percentage of decisive events rated moderately or highly important
for each factor

Percentage of
Factors: decisivc events

Recognition of technical opportunity------------------------------ 87
Recognition of the need------------------------------------------ 69
Internal R. & D. management-------------------------------------- 66
Management venture decision------------------------------------- 62
Availability of funding------------------------------------------ 62
Technical entrepreneur------------------------------------------- 56
In-house colleagues----------------------------------------------- 51
Prior demonstration of feasibility--------------------------------- 49
Patent/license considerations------------------------------------- 47
Recognition of scientific opportunity------------------------------- 43
Technology confluence-------------------------------------------- 36
Technological gatekeeper----------------------------------------- 30
Technology interest group---------------------------------------- 29
Competitive pressures-------------------------------------------- 25
External direction to R. & D. personnel- -___-______________________ 16
General economic factors---------------------------------------- 16
Health and environmental factors--------------------------------- 15
Serendipity ----------------------------------------------------- 12
Formal market analysis-_ - ________________________-----------_ '17
Political factors- -_________________________________ 5
Social factors…-------------------------------------------------- 4

1In retrospect, one might argue that Formal Market Analysis was bound to be rated
low, because such an analysis usually is done only once, and does not continue through
the innovative period. But the same argument might apply to Management Venture Decl-
sion, which ranks high.

Conclusions About the Factors

No factor was judged Important for every event, and yet each of the factors
was of some importance to more than one event. For each factor listed, Table 1
presents, in descending order, the percentage of all decisive events for which that
factor was judged moderately or highly important. Further statistical analyses
of the factor rating yielded an order only slightly different from that of Table 1,
and do not affect the conclusions listed below:

Ranking at the very top Is Recognition of Technical Opportunity. In other
words, the opportunity to attain a technological Improvement is a very strong
force In the development of an Innovation.

Ranking second Is Recognition of the Need, which is closely akin to what
Is sometimes called "market pull". Other studies of innovation have found
that innovations most frequently respond to the force of market pull. Our
study confirms this observation, as It relates to individual decisive events.

Technical Entrepreneur ranks sixth, and considerably higher than Tech-
nological Gatekeeper. Since these concepts are often discussed in the innova
tion literature, the relative rating of these two factors is especially worth)
of note. One might surmise that the Technological Gatekeeper, because of
his supposedly more intimate and continuing relationship with the R&D
team, would be more Important for individual events that the Technical
Entrepreneur, but the data show otherwise.

The general external factors-General Economic Factors, Health and
Environmental Factors, Political Factors, and Social Factors-rank at the
bottom. However, this conclusion bears on the effect of the factors on the
individual decisive events, and Is not applicable to the innovative process
as a whole.

Generalizations from the Case Histories

Table 2 lists eight Important characteristics frequently observed and reported
in previous studies of the innovative process. Each of the ten innovations was
examined for these characteristics. In Table 3, which summarizes the results,
"X" Indicates that the characteristic was important, and "-" that it was not
Important to the Innovation. The eight characteristics were found in most of
the ten Innovations, although the independent inventor was found in only three.
The following conclusions may be drawn:

The technical entrepreneur, whose importance was highlighted in the
study of the "factors", Is also a "characteristic" important in nine of the
ten innovations. This is the strongest conclusion that emerges from the study.
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In fact, in three innovations, the technical entrepreneur persisted in the faceof the inhibiting effect of an unfavorable market analysis. If any suggestionwere to be made as to what should be done to promote innovation, it wouldbe to find-if one can !-technical entrepreneurs.
Early recognition of the need appeared in nine of the innovations. Thisconfirms the high rating for the corresponding factor in the analysis of thedecisive events, and substantiates the importance attributed to "marketpull" in other studies.

TABLE 2.-Some previously reported characteristics of the innovative process
1. Early Recognition of Need.-Recognition of the need for the innovationgenerally occurs prior to the availability of the technological means for satisfy-ing the need.
2. Independent Inventor.-The independent inventor, working on his own be-half, is often important in the initiation of the process.3. Technical Entrepreneur.-The technical entrepreneur is often important tothe successful culmination of the innovation.
4. External Invention.-Many innovations arise from inventions which origi-nate outside the organization that developed the innovation.
5. Government Financing.-Government financing is important in manyInnovations.
6. Informal Transfer of Knowledge.-Innovations are facilitated by informaltransfer of knowledge, much more than through formal channels ofcommunication.
7. Supporting Inventions.-Innovations generally require additional support-ing inventions beyond the initiating invention.
8. Unplanned Confluence of Technology.-The innovative process is frequentlyfacilitated by an unplanned confluence of technology.
Adequate funding emerges as an important consideration, both from the studyof the case histories and the study of the decisive events. In Table 3, only Gov-ernment sources of funding are considered. Seven of the innovations had Govern-ment support, although this support was limited for one of them. Furthermore,in Table 1, where we consider all sources of funds, Availability of Fundingranks near the top.
The situation with respect to confluence of technology is especially interesting.Table 3 shows that an unplanned confluence of technology was important to sixof the innovations. But confluence of technology was present for the other fourinnovations as well, although it came about from deliberate planning, ratherthan accident. For the three innovations of improved grains, technology con-fluence occurred because agricultural science is itself an interdisciplinary field,and has long been supported on that basis. The remaining innovation, Organo-phosphorus Insecticides, made use of a deliberately formed interdisciplinaryteam. Technology Confluence also ranks near the middle (Table 1) as a factorinfluencing the decisive events. The lesson to be learned here is that the benefitsof technology confluence should not be left to accident, but should be promotedthrough deliberate interdisciplinary research.

TABLE 3.-CHARACTERISTICS OF THE INNOVATIVE PROCESS
Indicated as important (X) or unimportant (-) for each innovationj

Un-
plannedCharacteristic Early Informal coanflu-recogni- Inde- Technical Govern- transfer Support- ence ofInnovation ton of pendent entre- External ment of knowl- ing in- technol-need Inventor preneur invention financing edge ventions ogy

Heart pacemaker - X X ) X - X X X -Hybridcorn- - - X X X X X -Hybrid small grains- X - - X X X X -Green Revolution wheat X - X - X X X XElectrophotography X X X X -' X X XInput-output economic anal- X X X X X X X X
Organophosphorus insecti- X - X X 2 X x x -cides.
Oral contraceptives- X - X X - X X XMagnetic ferrites X - X - X X X XVideo tape recorder- X - X X - - X X

I But limited Government funds were provided to a related development, giving indirect aid.2 "External invention" occurred only because World War 11 enabled American Cyanamid to market the innovation inadvance of 1. G. Farben.
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Analysis and Classification of the Significant Events

In summary of the analysis and classification of the significant events, we
may draw the following conclusions:

The time span from first conception to first realization is not growing
shorter, as far as can be judged from our limited sample, and in contrast to
widely held ideas. This time span averages about 19 years and ranges from
6 to 32 years for the ten innovations studied. The difference in duration be-
tween the longest and the shortest is caused mainly by a difference in avail-
ability of technology for the two innovations.

In the preconception and innovative periods, MOR and development events
become more dominant as time progresses, although NMOR events are found
up to and beyond the date of first realization. Such late NMOR events
usually represent a process of feedback and diffusion from technology to
science.

Can Innovation Be Managed?

Consideration of the conclusions reached from analysis of the decisive events,
from the characteristics of the case histories, and from the classification of the
significant events, leads one to some conjectures about managing innovation.

There has always been argument about the extent to which research and de-
velopment can be managed. Whatever may be the merits of differing positions
in this argument, we may confidently assert that, in the spectrum of science and
technology, NMOR is the most difficult to manage, if it can be managed at all.
Furthermore, as we have seen, significant NMOR events continue to occur up to
the end of the innovative process; hence, we are forced to conclude that innova-
tion cannot be completely controlled or programmed. Also, the actions of the
technical entrepreneur, or the role of such motivational forces as recognition of
need and recognition of technical opportunity, involve inventive or creative ac-
tivities that do not lend themselves to detailed planning. Hence the high ranking
of these factors in the analysis supports further the conclusion that innovation
cannot be fully planned. We are therefore led to recommend that management,
in trying to promote innovation, permit and encourage the opportunity to act
upon ideas that fall outside the established or recognized pattern.

But if innovation cannot be fully controlled, we nevertheless can discern ways
in which management can help it along. Our analysis reveals two such ways by
demonstrating the importance of funding and of the confluence of technology.
As to funding, it need not be munificent, at least in the early stages. It not only
permits R&D to proceed, but probably also aids the innovative process by the
confidence management generates in the R&D team through financial support.
As to confluence of technology, it seems almost essential to innovation. Yet it
too often occurs without planning, and one suspects that here is an opportunity
for management, by promoting interdisciplinary R&D teams, to accelerate the
innovative process.

3. Boretsky, Michael. Trends in U.S. Technology: A Political Economist's View. Ameri-
can Scientist, v. 63, Jan./Feb. 1975: 70-82.

Until the Civil War, the United States was what we would now call an under-
developed country, and its technology, with few exceptions, was no more than a
poor offset rendition of that of Europe. Abundant natural resources, however,
coupled with Alexander Hamilton's policy of industrialization, which was vigor-
ously pursued from the time of the Revolution until about the end of World War
II, plus an otherwise positive attitude toward technological and industrial devel-
opment on the part of government and society at large, soon made the United
States a rapidly developing country. The most relevant historical evidence sug-
gests that American technology reached parity with Europe by 1870 or there-
about; by the turn of the century, it was in most respects higher than Europe's;
and by the end of World War II it had become a literal "wonder" to the rest of
the world. Parallel with this technological development, and because of it,
America became the greatest world power-economically, politically, and
militarily.

Toward the end of the 1960s, and especially since 1971, however, a number of
societal attitudes toward technology, on one hand, and quite a few unfavorable
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economic trends implying similarly unfavorable trends in technology, on the
other, have induced considerable speculation about America's economic and
political future. The present concern is not with the country's technology relevant
to defense and the conquest of space, which occupied the last two decades, butwith technology relevant to the quality of life in society at large, as well as, morespecifically, productivity and commercial markets at home and abroad.

The debate in question has been underway for some three years or so, but
there is still considerable confusion as to the real state of affairs in U.S. tech-
nology, and an almost unbelievable amount of confusion as to what precisely the
problems are, the reasons for these problems, and what can and should be done
about them. There are people who argue that the country's rate of technological
progress is heading downward, that our technological leadership in the world is
rapidly disappearing, and that in technological prowess, they predict, the United
States will become "just another industrialized country" in a matter of a fewyears.

Others would seem to hold the opposite view: There is absolutely nothing
wrong with U.S. technology. To "prove" this theory, they invariably cite the factthat Japan, all European countries, and Canada have been buying and otherwise
importing U.S. technology en masse, and that more recently the U.S.S.R. has
started doing the same. If there were something wrong with U.S. technology,they contend, foreign countries would not buy it.

There are still others who argue that even if the United States were losing
technological preeminence, there is nothing to worry about because (1) the trend
is probably inevitable and, to some degree, desirable, (2) U.S. technology is so
much more advanced than that of other countries that it will take quite sometime for them to approach the U.S. level, and (3) the U.S. economy has strengths
other than technology. In an attempt to resolve these conflicting viewpoints and
to assess just where the United States stands and seems headed on the techno-
logical tote board of comparative economic advantage, I shall try to give a briefanalysis of facts bearing on the current state of U.S. technology, the problems tobe faced, and the apparent causes of these problems.

In conclusion, I think my analysis makes it unmistakably clear that the choice
of solution to the problems the United States faces in technology could radically
change the country's socio-economic system and the course of its history. Con-
tinuation of current trends would lead, on the international front, to a decline in
its economic and political position, pressure on the external value of the dollar
resulting in periodic formal or informal devaluations, and the gradual worsening
of its terms of trade, causing a lowering of the standard of living. On the domestic
front, these trends would result in a continued lag in productivity growth,
mounting inflationary pressures, lasting high interest rates, pressures for the
redistribution of income, and lagging improvements or even a decline in the pres-ent level of the quality of life.

Obviously these conclusions have rather pressing policy implications, but to
discuss them here would take this paper beyond its intended compass. Readers
interested in reviewing proposals to avert the continuation of the outlined trends
might wish to consult another paper of mine which discusses such policy needsand some of the available options in considerable detail.

4. Boretsky, Michael. U.S. Technology: Trends and Policy Issues. Washington, The GeorgeWashington University Program of Policy Studies In Science and Technology, 1973.174 pp. (Monograph No. 17)
POLICY NEEDS

The preceding discussion might have made it appear that the only thing that
the United States needs to cope with the trends in question is more R & D. As far
as I am concerned, this is not so. More economically and "quality-of-life" ori-
ented R & D is an important element of U.S. needs, but it is far from everything.
In my judgment, what the United States needs (please note I am addressing
myself here to the needs, not options) is a comprehensive national technological
policy. In broad terms, I define such a policy simply as the sum of deliberate
actions on the part of Government aimed at the increase and improvement of
technological options and alternatives for all productive units in the economy for
the furtherance of national objectives within the constraints of available and/oraccessible resources.
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At this time, there are bits and/or pieces that might fall into the scope of
this definition, but the country does not have a coherent policy per se. As I see
it, the institution of such a coherent policy, in the conditions of the kind of mar-
ket economy and Governmental institutions as we have today, would have a dozen
or so strategic elements. These would have to include:

(1) Intelligent planning and continuous review of the country's level of
effort in the enhancement of technological development by major processes
and sectors of the economy.

(2) Development and institution of policy measures assuring an optimum
supply of appropriately trained scientific and technological manpower, both
as to various educational levels and within each level (including supply of
technicians and "craftsmen"), consistent with the country's prospective
(long-term) level of effort in technological development.

(3) Development and institution of general and meaningful (effective)
incentives for an optimum level of private investment in R & D.

(4) Securing an optimum public investment in R & D In social infrastruc-
ture, including those relevant for society's "quality-of-life," and in civilian-
market-oriented technological opportunities where for various reasons (such
as industry fragmentation, excessive risk, etc.) the market forces and
general incentives cannot assure an optimum level of effort.

(5) Securing the proper industrial environment for the optimum utiliza-
tion of new technology of domestic and foreign origin.

(6) Securing the proper Governmental legal and regulatory posture with
respect to the development and utilization of new technology.

(7) Development and institution of patent policy that would tend to
optimally stimulate the strive for development of new technology rather
than to hinder it.

(8) A Governmental procurement policy that would be conducive to the
diffusion of new technology.

(9) Development and institution of policies that would assure optimum
benefits of the country's technological effort for foreign trade and the balance
of payments.

(10) Development of adequate and rationale safeguards against the ill
use of new technology without stifling controls.

(11) Institution of a system of "enlightened" timely publications which
would inform the public about the social consequences of major technological
changes-both beneficial and not so beneficial-and the available alterna-
tives.

(12) Finally, there must be an institutional focal point of continuous
responsibility within the executive branch of U.S. Government for the state
of technology in the economy at large, statutorily empowered to initiate new
policies as well as changes in old policies which became either inconsistent
with the Nation's needs or do not work effectively.

I should like also to note that, in contrast to the United States, all other
major industrialized countries have by now at least some sort of central point
and continuity of Governmental responsibility for the state of technology in their
economies at large, and most of them are quite elaborate and, evidently, quite
effective. In short, by now the United States has an "entirely different world"
to cope with than it used to have.

5. Cunningham, Donald E., John R. Craig, and Theodore W. Schlie. eds. Technological
Innovation: the Experimental R&D Incentives Program. Boulder, Colo, Westvlew
Press, 1977. 505 pp.

BAcKGROUND TO THE ExPERIMENTAL R. & D. INcENTIvES PROGRAM

(By Donald E. Cunningham, John Craig, and Theodore W. Schlie)

This book presents results from the first three years of the National Science

Foundation Experimental Research and Development Incentives Program (RDI).

The material is being made available to the academic, industrial, and govern-

mental communities more in the sense of exploring a range of alternatives for

governmental intervention rather than in analyzing the results of possible inter-

ventions. The papers presented are program-planning documents rather than

results of actual experiments. The papers do not attempt to represent complete
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coverage of the program, but only to indicate the scope of the investigations.
Abstracts of additional studies and reports appear at the end .of the book. In
spite of efforts by the U.S. Government to publish and abstract reports and re-
sults of the studies that it sponsors, much useful work exists only in fragmented
form with no unifying themes to tie it together. The selected papers in this book
will bring together the various documentary outputs of a program into a con-
solidated and usable form that represents much of the recent thinking on tech-
nological innovation.

To put RDI in perspective, a brief history of its origins is helpful. The socio-
economic situation in the United States in the early 1970s was much different
than it is today. In some ways it was simpler, since the Arab oil embargo and
price increases had not yet taken place. In other ways, however, complex ques-
tions concerning the relationships between science and technology, innovation,
the economy, the environment, and the society in which we live were already
being asked.

A major question-never satisfactorily resolved-which impinged on the de-
liberations that occurred was the appropriate role for U.S. federal intervention
in the technological innovation process. In the areas of national defense, space,
and atomic energy, of course, the federal government had for some time played
a major-if not exclusive-role by intervening in ways such as direct and in-
direct subsidies to high-technology industries, the operation of its owvn federal
laboratories, and loan guarantees to failing aerospace companies. Increasing
questions about the availability of risk capital for innovative products and proc-
esses, the decreasing productivity of U.S. industry balance-of-payments deficits,
unemployment, the growing service sector of the national economy, increasing
demands for social services, the plight of our cities, and the newly emerging life
style summed up in the concern for "quality of life" all demanded some federal
response.

RDA was proposed to provide a national R&D assessment capability-to carry
out and to support research, studies, analyses: "The goal of this proposed new
program is to achieve a fuller understanding of the R and D and innovation sys-
tems and how they may better contribute to national goals and objectives." [2]
RDA originally focused its efforts in eight areas:

1. Analysis of data on national R&D trends and forecasting.
2. Analysis of the processes of invention, innovation, and diffusion of new

technologies.
3. The public and private rates of return from R&D, and how R&D is

related to more efficient utilization of resources, employment opportunities,
productivity, and foreign trade balance.

4. The role of science and technology in society and its potential contribu-
tions, costs, and relationships to existing and future institutional structures.

5. Foreign experience in the area of science and technology policy, particu-
larly those countries, such as Japan, which have recently experienced rapid
economic growth, to determine implications for United States policies.

6. Multinational efforts at developing policies for R&D (such as the Orga-
nization for Economic Cooperation and Development), and the implication of
these efforts for the United States.

7. The impact of federal policies through legislation and regulation on the
use of science and technology and on the total innovative process in the
United States.

8. Analyses of the relative impact of federal and private R&D investments
on innovation and economic growth, including an assessment of the results
of the new experimental incentives program. [3]

In its official program announcement, RDI stated its objectives very simply:
(1) to identify institutional barriers to innovation; and (2) to test appropriate
federal action which might reduce such barriers. [4] In earlier program docu-
mentation, however, RDIs objectives were more extensively outlined. Specifically,
they were:

1. to identify the barriers and stimuli within the innovation processes in
selected segments of the domestic public and private markets as well as
world-wide markets.

2. to develop an understanding of the causes and effects of the major
identified barriers and stimuli.

3. to find the means and relevant incentives to overcome the barriers or
to strengthen the stimuli.

56-367 0 - 81 - 3
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4. to discover the limits of applicability of those means and incentives.
5. to assess the implications of the broad application of those means and

incentives in terms of consequences and costs on the quality of life of
individual citizens and the progress of the nation as a whole; employ-
ment opportunity for all segments of society; and the economy, including
the status of the international trade balance and productivity.[3]

Underlying the design of RDI was a set of assumptions which were explicitly
stated early in the program planning process:

1. There exists the potential for spawning new innovations In the civilian
sector by coupling more effectively R&D resources to needs of the private
and public sectors and industrial resources to the needs of the consumer.

2. Many such potential developments are in the best interests of the nation
and the participants, and some fraction of this potential is presently going
untapped.

3. The federal government can provide incentives which will catalyze the
realization of some of this potential in a manner which is cost-effective and
socially beneficial from the national viewpoint. [2]

Once established, the RDI program was not large in terms of dollars expended,
as shown by $11.5 million spent in fiscal year 1973 and $10.5 million in fiscal year
1974. These dollar amounts dictated the sort of incentives that could be tested.
They were necessarily of the high-leverage, non-hardware-oriented type, and
this accounts for the shape and content of the program. In developing the
program's plan, it became clear that not all incentives and all situations could
be examined. In some cases, experimental results would be so diffuse as to be
incapable of evaluation given the financial resources available. A plan was
therefore drawn up to investigate where the NSF incentives program might
effectively proceed. Certain broad categories of effort were delineated. These
included:

1. Investigation and categorization of innovation models.-This included
a look at the model assumptions, steps involved in constructing the model,
how and in what regimes the model functions, and general characteristics
of technological innovation as exhibited by particular models.

2. Industrial incentives.-The structures of particular industrial sectors
were to be examined, as were potentials for the technological innovation in
specific industrial situations, barriers which might stop innovation from
taking place, possible industry-specific federal incentives, and secondary
effects which might stem from application of the specific incentives.

3. Venture capital availability.-This included investigation of traditional
venture capital activities, including existing barriers to increased invest-
ment and the means to make technologically-based endeavors more attractive
to nontraditional venture capital sources (e.g., banks, insurance companies,
unorganized capital, etc.).

4. Import-export con8iderations.-These included identifying situations
where a federal intervention might have leverage in enhancing an industry's
position internationally with the least negative international side effects,
how marketing information might aid U.S. companies, and how U.S. regional
profiling might identify capabilities to move into overseas markets.

5. Regulatory considerations.-For example, what are the primary and
secondary implications of clean air standards, the processes by which stand
ards are derived, and the interactions of various federal agencies in develop-
ing and enforcing regulations?

6. Antitrust, patents, ta.Tes.-This examined which business sectors are
aided by tax incentives and in what ways; how and why antitrust laws
are enforced and their effects; and to what Industrial sectors are patents
important, and why.

7. Institutional partnerships.-This examined what situations call for
partnership; whether they should be permanent; reasons for failure or
success; and characteristics of the partners and the partnerships.

8. The public sector.-This examined what is different about the innova-
tion process here as compared with the private sector; the interfaces be-
tween public and private sectors; and how inter- or cross-agency incentives
might be developed.

9. Human resources.-This examined where personnel interchanges have
worked and why, and what roles job satisfaction has in the innovation
process.
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SOME CONCLUDING OBSERVATIONS

Growth accounting neither rests upon nor provides any grand general model
or general theory of the ultimate reasons for modern economic growth and
variations in growth. It does try to provide facts concerning changes in deter-
minants of output and their effects upon output to which such a model oi general
theory must conform, and against which more limited generalizations may also
be tested. Studies for various places and times are gradually bringing an ac-
cumulation of such information.

This study has found that changes in only a few of the many determinants of
output account for almost all of the growth of the American economy over a
forty-year period, and for variations in the growth rate within that time span.
They were:

Employment, with account taken of the age and sex of workers entering
and leaving employment and of the conventions adopted to measure output
in general government, households, and institutions.

Working hours, including the effects of changes in the proportions of part-
time workers.

The education of employed persons.
The capital stock, with account taken of practices actually followed in

measuring output of dwellings and international assets.
The state of knowledge.
The proportion of labor misallocated (by the criterion of maximum out-

put) to farming and to small and inefficient family enterprises in the non-
farm sector.

The size of markets.
The strength of, and pattern of short-erm change in, demand pressures.
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The same determinants were found to be largely responsible for growth in
European countries, and for differences among nine nations in postwar growth
rates-except that recovery from wartime distortions was of clear Importance
in some countries in the early postwar years.

It is reasonable to suppose that the same determinants will dominate future
growth, and that among them will be found the main variables that the United
States would need to influence if it wished to adopt a policy of influencing the
growth rate in the future.

Yet it must not be supposed that they explain all differences in output.
Statistical evidence of this is to be found In international comparisons of levels
of output. These determinants-and others whose effects have been measured-
can explain only a fraction of the wide margin by which output per person in
the United States exceeds that in Western Europe. Other factors-perhaps
stronger competition to force efficiency, perhaps better management, perhaps a
harder-working labor force, perhaps something else entirely-must account for
the remainder. Until the cause of the unexplained output gap can be identified
and measured, we can only refer to these factors as "residual efficiency," or the
"at-factor."

I have not found it possible to deal satisfactorily with quality of management
at the statistical level. Strictly speaking, management is merely a type of labor
and the quality of management no more requires a separate entry in sources of
growth tables than does the quality of any other separate occupational group.
But management occupies a peculiarly strategic position in the labor force, and
estimates of labor input I am able to construct handle the special qualifications
of management very Incompletely.

Although I judge that changes In the "miscellaneous" or "n.e.c." components
of the classification did not affect growth much in the United States in the time
span considered here, this does not mean that they cannot do so or may not do so in
the future. Indeed, in Chapter 6 I suggested several determinants that may
change adversely and impair future growth. Moreover, most determinants which
refer to aspects of misallocation and wasteful or inefficient use of resources fall
in this category. In a previous study I examined possibilities for raising the
growth rate by improving resource allocation and removing obstacles to efficient
production. Although I concluded that the possible additions to future long-term
growth that one might hope to secure in this way appear small when measured in
perentage points, I also noted that even small gains are worthwhile and that
it is in this area that steps to achieve gains in output can be undertaken at the
lowest real cost.

Finally, the determinants of output examined in this study may be influenced by
many aspects of the American society and economy-by everything that affects
birth rates, by the level and structure of taxation, by attitudes toward work and
saving, and by government policies that affect incentives, to suggest only a few.
But these background conditions exert their influences by affecting determinants
of the type examined here, and their effects can be studied only by attempting to
appraise which of these determinants they affected, and in which direction and
by what amount they did so. Estimates based on a classification like the one used
here are therefore necessary for any serious appraisal of the effect of such back-
ground conditions.

And so I conclude with the ready admission that this book, comprehensive
though it may appear in comparison with most quantitative studies of growth,
makes no pretense of dealing with everything that affects growth. That would
require encyclopedic presentation not only of almost everything known about the
American people and the American economy but of much that has yet to be
learned as well.

7. Freeman, Chrlstopher. The economics of Industrial Innovation. (Baltimore) Penguin
Books (1974). 409 pp. HC79.T4F73.

This textbook provides a thorough review of current economic theories of Innovation.
Freeman argues that the professionalization of R. & D. has been one of the most Impor-
tant changes In modern Industry, and that the requirements for successful innovation
have greatly modified firm behavior by making world technology as well as world mar-
kets part of the firm's environment. Freeman concludes that market mechanisms have
failed In consumer goods/services and suggests greater public participation In consumer-
oriented innovation (copyright permission not granted to reproduce original material).
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8. Gilpin, Robert. Technology, Economic Growth, and International Competitiveness. A
report prepared for the use of the Subcommittee on Economic Growth of the Joint
Economic Committee of the Congress of the United States. Washington, U.S. Govt.
Print. Off., 1975. 87 pp. At head of title: 94th Congress, 1st session. joint Committee
Print.

VII. CONCLUSIONS

The overall recommendation of this report is that technology policy must be
coupled with socioeconomic policy. At all levels of policymaking and across the
broad spectrum of government activities, technological options and user-needs
(or market-demand) must be brought together and integrated in policy-making.
Such a recommendation seems self-evident and easy to accomplish. In fact, the
coupling of these two aspects of government policy is too seldom achieved. While
in theory it is easy to do, in practice it is exceptionally difficult because of insti-
tutional commitments and lack of sufficient knowledge.

In order to achieve the goal of coupling technology and our goals, we began
by asking what do we know about this coupling process. Throughout this report,
wo have been examining this question. What remains to be done here is to draw
forth the implications for -government policy. Beyond this, it is necessary to in-
quire how this policy can be institutionalized. As suggested -above, it is this latter
Issue which is by far the more difficult one. For this reason, the suggestions made
herein are meant to provide the take-off point for discussion rather than a firm
set of policy recommendations. First, what is necessary in order to couple eco-
nomic and technology policies?

The Primacy of Demand-Pull Over Technology-Puah

Everything we know about technological innovation points to the fact that user
or market demand is the primary determinant of successful innovation. What is
important is what consumers or producers need or want rather than the avail-
ability of technological options. Technological advance may be the necessary
condition for technological innovation and on occasion new technology may cre-
ate its own demand but in general and in the short-run, the sufficient condition
for successful innovation is the structure or nature of demand. This overriding
consideration has several critically important implications for government policy.

In the first place, outside the area of basic research, government programs for
funding R and D must be coupled with user needs and demands. By "user needs"
I mean either the private sector or government agencies seeking to achieve some
policy-objective. What we tend to have, however, is a "technology-push"' con-
cept of government funding for R and D. Most government programs in the area
of scientific research and technological development tend to operate with what
can be described as a "technological-fix" philosophy: If we put enough dollars
Into technology, a solution will somehow be found. If we get the technology, some-
one will find a way to use it. At the same time elsewhere in the bureaucracy
other officials are studying specific problems which require solutions ranging
from better methods of garbage collecting to automobile safety. That is to say
they are concerned with the needs and demands of society. Yet, too seldom are
the two groups-one concerned with technology and the other concerned with user
needs-brought together.

The Central Importance of Uncertainty

Undoubtedly the most critical and least appreciated aspect of technological
innovation is the problem of uncertainty. As we have seen, technical and economic
uncertainty surrounds all Innovation and cannot be completely eliminated,
though It can be reduced by better management methods, technological assess-
ment, and so forth. It is inherent in all types of Innovation-policy or technologi-
cal. As such, a healthy respect for uncertainty should be the keystone of govern-
ment policy-making. The overriding consideration in all policy-making involving
technological innovation should be the fact that there is so much we simply do not
know. This lack of knowledge and the reduction of uncertainty should be the key
element in all policy-making.

Specifically, what this means is a more experimental, incremental, and step-
by-step approach to policy-making and technological innovation. As this report
has emphasized, there are vast unknowns about the ways in which government
policy does or could influence innovation, industrial productivity, and the solu-
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tion of socio-economic problems. For this reason, government policy should seek
to reduce these unknowns. Until uncertainty is reduced, government policy should
proceed on an incremental and experimental basis. In policy-making it must be
recognized that money spent in finding out whether oi not something will work
is money well spent in the long-run. Any other approach is extremely costly.

The Proper Role of Government R and D Funding

The proper role of government R and D funding should be to complement R and
D funding in the private sector; public funds should not become a substitute for
private funding. Both are necessary and have their appropriate objectives. In
practice, this ideal means two things. In the first place, the government should
avoid the funding of commercial development. This is the responsibility of the
private sector with its greater capacity to link technology and market demands.
In the second place, it does mean that the government should finance scientific
research and experimental developments in those areas where it can be estab-
lished that private industry because of market imperfections tends to under-
invest, or because of a divergence between public and private interests industry
is failing to meet public needs.

The Question of Institutional Mechanisms

Obviously, organizations and institutional mechanisms are important. There
js some merit in all the ones which have been advocated. But the fundamental
problem is one of attitudes or philosophy with respect to technological innovation
and its role in our economic and political system. It would make little sense, for
example, to create a Council of Scientific and Technical Advisers, a National
Planning Agency, or a National Institute for Technology unless we transformed
our approach to policy-making and technological innovations. What is important
is to get people to think in terms of problems or roadblocks needing solution
rather than in terms of technology. The need is to couple technology with social
and economic needs in order to solve our economic and social problems. The
approach to problem-solving and to innovation must be experimental and incre-
mental. The approach must be one of reducing uncertainties, unknowns, and road-
blocks which restrict the solution of socio-economic problems and the success of
technological innovations.

The need, therefore, is for a new or renovated government agency which would
assume the leadership for improving the overall competence of the federal govern-
ment with respect to micro-economic analysis and policy-making. If a high level
agency were to carry out this mandate, it could undertake or support the types
of studies and experiments presently being carried out by ETIP. Such an im-
provement in the government's capacity for micro-economic analysis would not
only be a major step forward in its own right but It could go a long way toward
the achievement of the major recommendations of this report: the need to couple
economic and technology policies.

A National Strategy for Science and Technology

When both the President of Ford Motor Company and the President of the
United Automobile Workers advocated national economic planning, the issue
of planning and the establishment of national priorities must be taken seriously.
For many scientists, engineers, and industrialists, on the other hand, the idea
of government planning and priority-setting is anathema. Scientists in par-
ticular believe in the right of the scientist to do his own thing; he is among
the last of the rugged individuals in this world. Fortunately, or unfortunately,
science and technology have become too important to leave to the scientists and
engineers.

The issue, however, is not whether the government will or will not set research
priorities. It obviously does. A glance at the distribution of R and D funds over
the past several decades and the heavy emphasis on "big science and technology"
related to defense and prestige clearly indicates what these priorities have been.
But we now confront a new set of national problems and require a revised set
of national priorities for R and D. The questions we must answer include the
following: What should be our R and D priorities? How should they be deter-
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mined, and by whom? In short, we must confront the issue of priorities for R and
D much more consciously and systematically than we have in the past.

In the first place, a national science/technology plan or set of R and D priori-
ties should be in the nature of targets and the setting forth of the direction in
which we should move. They should be provisionary and capable of revision in
the light of scientific and technological advance. In contrast to the type of plan-
ning that characterized the Apollo project (i.e., to land a man on the moon), in-
crementalism should be the primary characteristic of such a plan. As science,
technology, and national objectives change, so must the features of the plan. For
this reason, there is undoubtedly merit in the idea that the Council of Science
and Technology Advisors submit an annual report to the Congress and the public
in order that national R and D priorities can be reviewed and debated publicly.'
In short, the purpose of the R and D plan and annual report would be to set the
agenda for a more conscious and systematic evaluation and discussion of na-
tional priorities rather than the establishment of hard and fast objectives.

Secondly, the coupling of technology and "user demand" should take place at
all levels including the very highest. Accordingly, the users of science and tech-
nology as well as the providers should be represented on the Council of Science
and Technology. Scientists and to a lesser extent, technologists, are extremely
reluctant to assume the responsibility of establishing priorities among fields of
science and technology. Priority setting among disciplines runs counter to the
ethos of scientists that all fields are equal and that significant discoveries may
come forth from any field. For these several reasons, there may be merit in the
idea that the head of a Council of Science and Technology advisors should be a
non-technical person and that its membership contain non-scientists/technolo-
gists, industrial users, economists, public representatives, etc.

Thirdly, the purpose of government policy should be to support and advance
national capabilities in science and technology. On the level of basic and applied
research, this means the broad support of university and, where appropriate,
industrial as well as in-house government research. The identification of knowl-
edge-gaps and promising opportunities would be a major responsibility of the
science and technology policy mechanism. Both the scientific and technical com-
munities could be brought into this effort through panels of experts, special task
forces, etc. Beyond its support of basic and applied research, the government
should fund experimental development. The identification of important social
and economic technologies neglected by the private sector and the stockpiling of
"on the shelf" technologies would be a major government responsibility. Unless a
powerful case could be made, however, the government should not become in-
volved in the commercial development of technological innovations. The major
task of the government in the area of technology is not to supplant private en-terprise but to complement it through research and experimental development
programs which reduce uncertainty; it should only undertake those tasks which
market and other imperfections inhibit industry from doing.

And, fourthly, more government agencies should be encouraged to develop
R and D strategies and support basic research, experimental development, andgraduate education in universities and schools of engineering. As we have seen,
too many government agencies (including Agriculture) tend to concentrate their
support on their own laboratories and don't draw sufficiently upon the large
reservoir of talent existing in institutions of higher learning. A new alliance
must be forged between the agencies responsible for achieving our emerging setof national priorities and the American scientific-technical community. As we
have already suggested, a major step in this direction would be taken if ERDA
followed the example of NASA and supported a broad program of engineering
studies and assumed part of the responsibility for replenishing our most basicresource-the supply of engineers and scientists.

Despite the pressing need for all these measures, this report must conclude on
a note of caution. The establishment of research priorities and an emphasis onmore planning should be undertaken with a full appreciation of the limitations of
such an effort. In the establishment of R and D priorities and the emphasis on
planning to integrate economic and technology policy, a potentially serious dan-

' The recent report of the Federal Council could be the beginnings of such an effort. Fed-eral Council for Science and Technology, Report on the Federal R and D Program, FY 1976.
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ger must be guarded against. Behind the calls for more economic planning in the
United States as a response to our many economic problems, one fears there lurks
the desire to protect rather than to rejuvenate the Americah economy. The pro-
tection of existing industries and markets rather than the creation of new indus-
tries and markets could too easily become the purpose of government policy.

There is a grave danger in the United States today that government decision.
making and industry-wide, quasi-cartels could be substituted for the operation of
the market mechanism. The temptation to use commercial innovation as a vehicle
to supersede the discipline of the market is considerable. Employing an array of
arguments-the threat of foreign competition, scale of technology, security of
supply, "Capital gap," etc.-the proponents of greater government funding of
commercial innovation urge the government to assume the role and risk of entre-
preneurship. The proposals to revive the National Recovery Administration
(NRA), to subsidize the aerospace industry with public funds, and to put a floor
under energy prices to stimulate innovation move in this dangerous direction.

This report has been prepared with a haunting awareness that in arguing that
market imperfections may cause underinvestment in innovation and that there
is a role for government financing of industrial R and D, it might contribute to
unjustifiable government interventions in the private sector. The way in which
the argument of this report could be distorted and used to rationalize unwar-
ranted government subsidization of commercial innovation has been well put by
Eads:

"The theory of externalities in its simplest form predicts that under a certain
set of assumptions there will be a general tendency for private industry to under-
Invest in technological change and states that federal Intervention aimed at
correcting this tendency is proper. The practical outcome is that someone-
perhaps even a party having a substantial private financial interest in the out-
come-perceives that an industry is achieving a rate of technological change
below the level that the particular party believes is desirable. After suitable
publicity has increased public awareness that a problem exists, a prestigious
panel is thereupon convened. After an appropriate interval it produces a report
stating that while, of course, everyone knows that the economy would operate
best if the market were left free to operate, in the particular case at hand the
market has 'failed' and cannot be trusted to bring about the socially desirable
result. It is at this point that the theory of externalities is invoked." (Eads,
March 1973).

The manner in which we manage the so-called energy crisis will be very In-
structive with respect to our capacity to rejuvenate our economy in an intelligent
way. On the one hand, the resource, environmental, and related problems affect-
ing our economy may very well be the functional equivalent of catastrophe.
They can and could force the long-term rebuilding of our technological-industrial
Infrastructure. New demands and needs have been created which, with proper
incentives, could lead to the innovation of new industries and technologies
which in turn will generate new technology-intensive exports. On the other
hand, in our anxiety to find a quick and short-term solution to our energy and
related problems we could, through government subsidization of large and com-
mercially inefficient technologies, harm our economy. In pursuit of energy
independence and security of supply, for example, we may lock into our economy
a high, non-competitive price of energy.

If we were to move into this direction of subsidizing and protecting inefficient
Industry we would be following the British rather than the Japanees example.
Invoking a variety of rationalization and policy mechanisms, the British have
subsidized and protected inefficient firms producing commercial innovations
which the market would not accept. The Japanese, on the other hand, have
been ruthless in eliminating inefficient firms and have stayed clear of govern-
ment subsidization of commercial innovation. How unfortunate it would be if
the United States in seeking to emulate "Japan Incorporated" fell into the error
of "Britain Incorporated" instead.

In conclusion, this report proposes no panacea for the problem with which
it began: the relative economic and industrial decline of the United States.
What it has sought to do is stress the importance of technological innovation
if we are to grow economically, compete internationally, and meet our domestic
social needs. Beyond this, it has set forth the direction in which we must move
if we are to improve our innovative capacity and use technology for socially
and economically beneficial ends.
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9. Harbridge House, Inc. Legal Incentives to Private Investment in Technological Innova-
tion. Preliminary final report. Prepared for the Off0ce of Experimental R. & D. Incen-
tives of the National Science Foundation under contract NSF-C893. n.p., 1975. Various
pagings.

DRAFT EVALUATION OF INCENTIVES: PRELIMINARY ANALYSIS AND RANKING

I. Introduction

The preferred incentives listed below in Part III (that is, candidates for
further examinations) were identified by analysis of the original submission
of 39 in the light of three criteria:

Probable significance to private inve8tinent.-What would the incentive
really attract private capital? (Private capital, for purposes of this criterion,
included not only capital from outside sources, but internally generated
funds that the managers of a firm had available for investment.)

Economic leverage.-What leverage does the incentive provide to tech-
nology utilization? Will other companies be inclined to jump on the band-
wagon of technology favored by the incentive?

Political and legal feasibility.-Does the incentive stand a reasonable
chance of being palatable to the executive agencies, the Congress, and the
courts at the present time or in the immediately foreseeable future?

The prime standards noted above are, to a considerable extent, condensations
or more discriminating criteria (13 in all) set forth in the statement of work
for this incentives project. It seemed appropriate to use summary criteria at
this point, however, since application of more refined criteria (for example,
cost to federal government and ease of communicating and administering the
policy option) will depend in some cases on industries selected and the way
in which qualification standards are drafted.

As a preliminary step in the development of tentative rankings, we found it
useful to categorize all of the incentives by whether or not they required "quali-
fication" or "definition" of an innovation (or innovative industry) and by the
financial parameters to which the incentive primarily relates (availability, ac-
cessibility, allocability of capital). These groups are explained in Part II which
follows. The groups were not directly used in the ranking analysis, but provide
a useful framework, we think, for assessing the results of the analysis. These
results are contained in Part III. Part IV is a supporting discsusion.

II. Incentive Grouping8

A principal basis for classifying the draft incentives is whether they are con-
cerned primarily with the availability, the accessibility, or the allocability of
capital:

Availability refers to the general credit environment (that is, the avail-
ability of capital in relations to demand for the economy as a whole).

Accessibility looks at the relative ease or difficulty of obtaining or at-
tracting capital within a given general environment; that is, incentive aim
to shift the flow of capital rather than increase the total supply.

Allocability refers to investment decisions within the firm or an indus-
try in the context of planning and capital budgeting.

These elements of classification are the bases for three principal groups of In-
centives below-Groups 2, 3, and 4. Another method of classification is whether
or not the incentive proposed requires some type of "qualification" by the re-
cipient or beneficiary. Most of the incentives proposed require some such test.
Those that do not are pulled together in Group 1. A few incentives had special
features that seemed more significant than either of the above classification
schemes, and these have been identified as Groups 5, 6, and 7.

Exhibit I summarizes these groups and indicates the type of qualification re-
quired for the different incentives within each group.

GROUP 1: "BROAD GAUGE" INCENTIVES (NO INNOVATION QUALIFICATION)

As indicated above, most of the incentives making up the draft inventory
visualized some type of qualification for the incentive to be operative. Thus, a
guaranteed loan would be made or a tax credit given for a "qualifying invest-
ment"-that is, an investment In technological innovation in a field of some
significance to the program.
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For several incentives, however, no such qualification test was involved. This
group Includes proposed changes in certain Securities Exchange Commission
rules; in provisions relating to stock options in tax rules related to research
and development expenditures, preferred dividends, and Sec. 1244 losses; and
in certain antitrust policies.

In many of the above cases the volume of transactions involved would make
it administratively awkward to sort out qualifying and nonqualifying situa-
tions; the change, If adopted, would be better introduced on an across-the-
board basis. Many of these incentives are by their nature limited to small busi-
ness. Their effect would be to generally improve the small business investment
climate without major impact on tax revenues or other sectors of the economy.

One of the proposed changes in antitrust policy (repeal of transportation rate
bureau antitrust exemption) must operate across the board, since its aim is
to indirectly promote innovation by generally stimulating competition. The
other incentive in the antitrust field change in the Department of Justice
merger guidelines) in effect introduces the qualification test into the guideline
criteria, so it too is appropriately proposed on an across-the-board basis.

GROUP 2: AVAILABILITY INCENTIVES

Two incentives can be regarded as related to capital availability In a general
sense: they are designed to improve it by mechanisms that would increase the
supply of money and credit. In effect, specified loans to finance innovations
made by member banks of the Federal Reserve System would not count in com-
puting lending capacity, or would be rediscounted at full principal amount,
with no attendant charge.

With reference to various tax incentives (indirect subsidies), the question Is
whether they are more appropriately regarded as influencing availability or ac-
cessibility. To the extent that they represent government borrowings supported
by Federal Reserve purchase of securities (open market operations) they tend
to increase the general supply of credit. In other circumstances, the incentives
may simply involve a trade-off of one source of revenue for another. Following
Professor Stanley Surrey's characterization of the general investment tax credit
as a "subsidy of broad scope and high visibility" that can be a "flexible macro-
economic tool," 1 we have placed the investment tax credit incentives, albeit more
limited, in this group. Other tax incentives are shown under accessibility.

GROUP 3A: ACCESSIBILITY INCENTIVES

Accessibility incentives are primarily directed to sources of capital outside the
firm, to make investment in innovation attractive in relation to other investment
channels. Some of the "broad-gauge" incentives in Group 1, of course, were of this
type. Those indicated here are ones requiring a qualification or definition of the
innovation that is to be financed. There are two subgroups: the first includes in-
centives that are of principal significance to small or medium firms, while the
second contains those of more general application.

GROUP 3A: ACCESSIBILITY TO CAPITAL SOURCES, SMALL AND MEDIUM FIRMS

The proposed tax deduction for equity investors is an indirect means of at-
tracting capital.

Direct means include interest subsidies and loan guarantees for private lenders
and SBA innovation loans. Although the latter is not "private investment," It is
Included here since it can stimulate additional financing from private sources.

The proposed tax credit for equity issue and debt issue costs is placed here,
since its function is to make it easier to attract capital through security issues. It
also has aspects of allocability (that is, the tax credit reduces costs and thus
frees up internal funds for innovation investment), and hence can be regarded
as a hybrid. A borderline case is market catastrophe insurance, which we have
put here although we have placed innovation market loss Insurance in Group 4.

GBOUP 3B: ACCESSIBILITY TO CAPITAL SOURCES, GENERAL

Incentives here include the Interest rate subsidy for safety compliance, securi
ties litigation indemnity, and state technology investment bonds.

I "Pathways to Tax Reform," p. 208.
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GROUP 4: ALLOCABILITY INCENTIVES

This group includes devices to make Investment in technological innovationattractive for a firm, as opposed to alternative uses of available capital. Theincentives focus on the decision-making process within the firm. Several involvetax deductions or deferrals or other tax changes that would improve earnings orcash flow. Others are in the nature of market assurance policies, such as procure-ment guarantees or price protection. All proposed incentives require a qualifyinginnovation (or innovative industry) ; none are specifically limited to small firms.

GROUP 5: COOPERATIVE ARRANGEMENT AND AGGREGATIONS

Certain incentives visualize a synergistic effect from aggregations (that is,mergers) and/or cooperative effort, such as joint ventures and licensing pools.These Incentives primarily affect allocability decisions, although government
financing in aid of aggregation can be viewed as relating to accessibility also.

GROUP 0: TECHNICAL ASSISTANCE

The federal/state resource and market assessment incentive may involve loans
or grants to small or medium-size firms with a technology orientation. Its distin-guishing feature, however, is that it funds state agencies and regional commis-
sions to identify and assist such firms; hence it has been placed in a special
category.

GROUP 7: TWO-STEP INNOVATION AWARD

This proposal is essentially a means of implementing other incentives, withthe focus more on competition in defining and qualifying the effort, followed
by choice of the appropriate incentive. The Incentive selected could relateeither to accessibility or allocability.

10. Illinois Institute of Technology Research Institute. Technology in Retrospect and Criti-cal Events in Science (TRACES). Prepared for the National Science Foundationunder contract NSF-C535. n.p., 1968. 118 pp.

SUMMARY

This investigation Is based on the historical tracing of key scientific eventswhich led towards five major technological Innovations. The data collected werecarefully analyzed. This study produced findings which not only substantiatedsome intuitively accepted beliefs but which also yielded some interesting pointsthat shed new light on the very involved process which leads from research toinnovation.
1. In all cases studied, nonmission research provided the origins from whichscience and technology could advance toward the Innovations which layahead.
2. Of the key events documented, approximately 70 percent were non-mission research, 20 percent mission-oriented research, and 10 percent devel-

opment and application.
S. The distribution by performers of key events was as follows:

[in percenti

University Research insi-
plus tute plus Gov-

college ernment labs Industry

Nonmission researchMission-oriented research 76 14 10Development and application -31 15 54

4. The number of nonmission events peaks significantly between the20th and 30th year prior to an innovation, while mission-oriented researchevents and those in the development and application area peak duringthe decade preceding innovation.
5. For the cases studied the average time from the conception to demon-

stration of an innovation was nine years.
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6. Ten years prior to an innovation, i.e. shortly before conception, ap-
proximately 90 percent of the nonmission research has been accomplished;
insofar as one can generalize from the results of this study, most nonmission
research is completed prior to the conception of the innovation to which it
will ultimately contribute.

7. Although nonmission and mission-oriented activities regress during the
several years just preceding innovation, it is apparent that the interplay
between these types of research activities is important and sometimes even
crucial during this terminal period.

8. The presence of interdisciplinary communication is very evident in,
and important to, the achievement of innovation.

9. The role of U.S. research has continued to increase relative to foreign
contributions. However, foreign research continues to be important to
innovation.

10. The study points out the need for a better understanding concerning
the two-way interaction between science and technology. The tracings re-
vealed cases in which mission-oriented research or development efforts
elicited later nonmission research which often was found to be crucial to
the ultimate innovation.

11. Innovations for the next generations depend on today's nonmission
research.

PART II. CONCLUSIONS

Socio-Economic Benefits of Innovation

The influence of these five innovations on our society has been made evident:
the possibility of the oral contraceptive pill's contribution to the solution of
pressing social problems; the role of matrix isolation as a stimulant to the
naturally dynamic chemical industry; the inherent design capabilities of mag-
netic ferrites as applied to several growing industries; the indispensability of
the video tape recorder to current television programming; and the electron
microscope's gift of permitting us to observe the heretofore unobservable. These
benefits to our society are the return, realized through innovation, on prior
Investment in nonmission research.

The benefits include the growth of a $100 million business in the ethical drug
Industry; the establishment of significant cost savings for major chemical indus-
tries, which cannot yet be evaluated in dollar terms; the creation of a new
electrical industry with a projected gross product of over $125 million in 1968;
the sophistication of the multi-million dollar television and communication
Industry; and the creation of an instrument industry whose gross product has
now exceeded $200 million.

Nonmission Rcsearch and Economic Growth

The early development of our industrial society resulted from innovations
dependent upon either the discovery of new sources of raw material, the ex-
ploitation of the labor markets, or the infusion of capital in large amounts. In
contrast, the five cases considered in this study illustrate that the emphasis
has changed over the years and that in general much of our current economic
progress is dependent upon the creation of wealth through the exercise of our
intellectual and logical powers, rather than through the discovery of new raw
materials and labor sources. The role of nonmission research in aiding decisions
for development and application is very important. Nonmissiorn research fre-
quently obviates investments into techniques and processes which are later
found to have been economically unsound.

The relationship of nonmission research to our economy is, as best, only
generally understood. The way in which nonmission research appears to be used
to achieve economic gain is analogous to capital wealth. We establish a fund
of knowledge against which withdrawals can be made to achieve innovation
at a rate satisfactory to society. Of course this "reservoir" of basic understand-
ing is not in any way depleted or consumed by its use.

Dependency of Innovation on Nonmiasion Research

The innovation of the electron microscope depended almost completely on
nonmission research for its achievement. New, and at that time, revolutionary
theories in physics, combined with experimental advances In electronics and
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related fields, were the essential research ingredients. In complete contrast, the
video tape recorder (VTR) was preceded by a large number of applied research
events and developments which had originated from the 19th Century suggestion
that information could be magnetically recorded. Nonmission research did, how-
ever, play a very important role in the development of the VTR by providing
the theories necessary to understand the way in which development had to
proceed. These two innovations represent extremes, in that a more balanced
interplay between nonmission research, mission-oriented research, and develop-
ment and application characterizes' most tracings. In all cases, nonmission
research provided the origins from which science and technology could advance
toward the innovations that lay ahead. The importance of nonmission research
to the innovations is made clear by the fact that approximately three-fourths
of all the events recorded in the tracings are nonmission work. Equally important
Is the role that nonmission research plays In initiating lines of thought which
evolve Into the areas of technical specialization necessary for innovation.

Relationship of Research to Innovation

In order to make decisions about today's research for tomorrow's needs, it is
necessary to understand the characteristics of research in its relationship to
innovation. The diversity of knowledge, and therefore of research required to
achieve innovation, has been an important factor demonstrated in this study.
The number of scientific specialties, the number of independent investigators,
as well as the combined presence of theoretical studies, experimental investiga-
tions, and empirical research illustrated by a study of only five tracings, is
suggestive of the great diversity that underlies the entire range of current
innovation. Because of the Increasing comprehensiveness and sophistication of
innovation, it is almost certain that the diversity of knowledge required for
tomorrow's innovation will be even greater. Thus, if the increase in sophistica-
tion is to be maintained, the breadth and depth of research to be supported
must also be increased even though this requires an increase in funding level.

Another Important factor Inherent in several of the tracings was that of
interaction between scientific disciplines and/or highly effective personal com-
munication. The presence of interdisciplinary communication is very evident and
its importance to Innovation Is rather obvious. However, also in the context of
communication, a better understanding needs to be achieved concerning the two-
way influence between science and technology. The tracings revealed cases in
which mission-oriented research or development effort elicited later nonmission
research, which often was found to be crucial to the ultimate innovation. A
series of illustrations lies in the tracings of the development of magnetic
ferrites in which the early development of successful devices stimulated non-
mission research to achieve a basic understanding of materials and their
properties. Interdisciplinary research institutions, which played an important
role in several of the tracings, by their very nature foster both kinds of commu-
nication, and the result is illustrated by the significance of their influence on
development. Improved communication is a well observed trend within many
research activities. and the organizations which support and guide research
must increase their emphasis on communication particularly among disciplines
and between nonmission and mission-oriented research.

The regenerative nature of research is important to questions concerning the
level and allocation of research support. Matrix isolation is a striking example
of how the innovation of a technique can lead to the stimulation of research
in a multiplicity of areas and at a rate greatly exceeding that which resulted
in the initial innovation. This characteristic of nonmission research requires
great adaptability within the agency supporting it, commensurate with the
adaptability of the scientists themselves in attacking new areas.

Characteristies of Institutions and Individual Scientists

Each of the tracings involved research and development events from uni-
versities, research institutes, government laboratories, and industry. These
were of foreign origin as well as national. While the degree of their contribu-
tion differs with the research category, all types of institutions contributed
to each category and specifically to nonmission research. The continued involve-
ment of a variety of institutions would appear to be a worthwhile objective to
help meet the need for diversity of research.
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The number of individual scientists involved in the five histories, as well as
in each individual history, was large. Although there existed prominent indi-
viduals who either made multiple contributions or provided important guidance
and direction, most of the research events resulted from the efforts of a large
number of people. It would therefore appear that the support of many scien-
tists is desirable if one wishes to maintain and increase the rate of innovation.

A significant number of contributions in every tracing were made by scien-
tists outside the United States. The percentage of foreign events has decreased
since 1930 primarily as a result of the increased absolute number of research
events occurring in this country. However, the importance of foreign scientists
to these innovations suggests that the role of international science warrants
continued recognition. A variety of mechanisms may have been responsible for
the international transfer of knowledge related to innovation. It is not possible
to conclude from this study which specific interactions might best be employed
to maintain interchange at a profitable level, although the pervading role of
personal communication in all interchanges, foreign or not, may be indicative.

Guidance of Nonmi8sion Research to Achieve Innovation

The diversity of research which goes to support an innovation, the variations
In timing of nonmission research with respect to innovation, and our inability
to forecast the nature of probable innovations preclude the possibility of relating
most nonmission research to specific innovations in advance. However, it is
possible to discern areas of research which have an increased chance of return
over that of others. The activity following the introduction of matrix isolation
is an example. The availability of a new technique capable of studying a whole
new range of phenomena led to a variety of investigations aimed at fresh insight
into familiar but important processes. There is no guarantee that any or all of
this research will lead to innovation, but it is clear that significant advances
toward that goal have already been achieved.

The ability to introduce new data and points of view based on advances in
science is a condition that warrants consideration of increased support and
activity. The converse decision is not possible, however. It cannot be said with
certainty that a given line of research will never contribute to innovation.

Our very limited understanding of the innovation process, our inability to
define innovations well in advance, and the fact that nonmission research pre-
cedes innovation by many years seems to indicate that most nonmission research
cannot be programmed. However, an analysis of needed innovations to deter-
mine their characteristics can help to identify key blocks of knowledge which
might contribute to Innovation. Such analysis coupled with forecasting tech-
niques could aid In recognizing "breakthrough" barriers early. The history of
magnetic ferrite is illustrative although admittedly the concept and its influence
appears early in time. Clearly progress was limited by lack of detailed under-
standing of the basic properties of ceramic materials. Studies in crystal
chemistry and in the electrical and magnetic properties of a variety of materials
provided the knowledge which unlocked the barriers to successful application.

11. Isenson Raymond. Project Hindsight; Final Report. Washington, Office of the Direc-
tor o Defense Research and Engineering. 1969. 218 pp. [Available from the National
Technical Information Service, No. AD 495 905]

EXECUTIVE SUMMARY

Project HINDSIGHT was established by the Director of Defense Research
and Engineering in his memorandum of 6 July 1965 to the Assistant Secretaries
(Research and Development) of the Military Departments.

Objectives and Strategy

The defined objectives of Project HINDSIGHT were:
(a) To identify those management factors that are Important In assuring

that research and technology programs will be productive and that program
results will be utilized; and

(b) To measure the overall increase in cost-effectiveness In the current
generation of weapon systems compared to that of their predecessors (when
such can be identified) that is assignable to any part of the DoD's Investment
in research in science and technology.
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The strategy adopted to achieve these objectives Involved:
(1) Determining the extent to which new weapon systems are actually

dependent upon the results of recent advances in science or technology for
their attained increase in system effectiveness, decrease in cost, or increase
in cost-effectiveness as compared to a predecessor system.

(2) Determining the proportion of any new technology, required for
attaining system characteristics, that was the result of DoD-financed re-
search in science or technology.

(3) Determining significant management and other environmental factors,
as seen by the research scientist or engineer, that appear to be commensurate
with high utilization of research results.

(4) If the findings of the first strategy indicate a significant reliance
on new science or technology, devising a value-cost index (or set of indices)
which offers a quantitative measure of the return on investment in research,
in terms of the enhanced cost-effectiveness of the weapon systems' made
possible by the purchased knowledge.

It is emphasized that this study identified only those incremental contributions
to existing bodies of scientific and technological knowledge that were utilized
in the analyzed military equipments'. The strong dependence of these contribu-
tions upon the total base of science and technology must be recognized. The
reader is cautioned that any conclusions regarding the value of the total knowl-
edge base cannot be validly drawn from the findings presented here.

Hindsight Findings

(1) The identification of speciflc events in science or technology research, the
results of which were utilized in, and were critical to, new weapon systems, was
found to be fairly simple.

For most of the systems studied, on the order of 100 to 150 post-1945 con-
tributions from the scientific and technological communities were uncovered.
Practical limitations in time and resources, however, permitted only a smaller
number to be examined in detail. In no case did the study team feel that it had
exhausted the possibilities for identifying additional contributions. Studies of
the individual systems were terminated when the study team and the Project
Director were quite certain that a representative sample of the contributing
Events had been Investigated or a 3-month study period had elapsed, whichever
came later. Estimates of sample size, made at the completion of the system
study, varied from 20 percent for the C-141 cargo aircraft to 75 percent for the
LANCE missile system and over 95 percent for the Mark 56 and 57 Naval mines.

(2) The number of Events that were easily identified varied proportionately
with the relative increase in effectiveness between the studied system and its
predecessor.

For example, the studies quantitatively demonstrate that more new technology
was required to progress from the HONEST JOHN rocket to the LANCE missile
system than from MINUTEMAN I to MINUTEMAN II.

(3) No eategory of performing agency was found to be significantly more
efficient in the production of utilized research results that other categories.

The distribution of Identified RXD Events that came from universities,
industry, or the in-house laboratories of the Military Departments agrees, to
within a very few percentage points, with the allocation of applied research fundsto these categories.

(4) The study's findings demonstrate that the results of research in science
were most frequently exploited when the investigator was responsive to rec-
ognized needs of the engineering community.

Although the profitable work frequently was classifiable as applied research,
in that the scientists was attempting to resolve a very specific problem, it does
not appear fhat specific application per se is a sufficient criterion for predict-
ing usage. Perhaps the most important factors in establishing a high probability
of utilization are the degree of awareness (a) on the part of the scientist con-
cerning who in the engineering community needs the knowledge and (b) on
the part of the interested engineers as to which specific scientist is working
on the problem. Accordingly, research managers must be senstive to the need
for communication between the scientific and engineering communities.

(5) A significant number of important scientific contributions came from
sources other than contemporarily recognized experts.

Investigation of a sampling of these Events disclosed a fairly common pat-
tern. The performers of the utilized scientific effort and their peers were mu-
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tually aware of the exploration each was undertaking, but there was marked
disagreement regarding the merit of the approach that eventually found use.
In each case the successful performer broke from the peer group, moved away,
and found new funding. More than anything else, these examples point out
the necessity for ensuring competition within bureaucracy and the necessity
for maintaining a multiplicity of funding sources for every scientific discipline
and area of technology.

Within this report, undirected basic research in science, refers to tasks not
clearly identifiable as part of a larger program that was coordinated by a mission-
oriented agency. In general, they are those individual, comparatively small
efforts undertaken by one or two investigators in the universities, in some not-
for-profit corporations and, to a much smaller extent, in other industry. They are
characterized by the fact that they were motivated at the researcher's level by
scientific curiosity and scholarly inquiry, and were supported by the DoD upon
recognition of the relevance and significance of the researcher's proposal.

Complementing this knowledge accrued through formal education is the en-
gineer's later recourse to codified or tabulated information, such as engineering
handbooks and technical references. The second payoff of basic scientific re-
search is identified as the organization of research results into a format readily
available for general use. In this way, new concepts of everything from materials
characteristics to design techniques have been widely disseminated. Manage-
ment criteria intended to enhance the usefulness of research results should
include recognition of the importance of unifying or codifying information and
the requirement that the objectives of supported research be so oriented. Periodic
surveys should be made, and research advances in particular subject areas should
be consolidated and published in a format designed for use by engineers.

(6) The greatest payoff in terms of ideas leading to enhanced weapons systems
has resulted from research in technology-and then, where the research scientist
or engineer was intimately aware of problems of the applications engineer.

The transfer of science to technology and technology to application has been
found to rely heavily on personal contact between individuals. The communica-
tion link is of critical importance, both for advising the scientific community
about real problem areas and for disseminating scientific or technological knowl-
edge to the eventual user, the applications engineer.

(7) The popular concept that a market increase in the performance of an
existing system generally results from new, key scientific ideas is not confirmed
by this study.

The real difference in performance between a weapon system and its pred-
ecessor is usually not the consequence of one, two or three scientific advances
or technological capabilities but is the synergistic effect of 100, 200 or 300 ad-
vances, each of which alone is relatively insignificant. These hundreds of diverse
advances must then be fitted and adjusted for a unified operational weapon
system. The characteristics of each advance must be carefully "interfaced" with
those of other advances. This is substantiated by Project HINDSIGHT data,
which generally show that systems applications, rather than new science, inspire
science and technology for advanced systems.

(8) A considerable amount of new technology is dependent upon prior speci-
fication of detailed requirements.

Analysis of the time relationship of an RXD Event's occurrence to its utiliza-
tion in the studied system reveals two characteristic patterns. Where the weapon-
system development progressed directly from a technological base (exploratory
development) to engineering development, there is a marked peaking of Events
about the time development is initiated, with about 41 percent for LANCE and
60 percent for MINUTEMAN II occurring after development had started. This
situation appears to be incompatible with current procurement policies that
stress fixed-price development contracts (with or without incentive fee). Where
the weapon system progressed from a technological base through an advanced-
development phase and then into engineering development, a much more uniform
distribution, devoid of significant peaks, is noted; examples are the Mark 56
and 57 Naval mines.

Project HINDSIGHT did not investigate system-management aspects of the
weapon systems studied. It is understood, however, that in at least three cases-
the BULLPUP air-to-surface missile, the C-141 cargo aircraft and the LANCE
missile system-development was undertaken after assurance was given that
the requisite scientific and technological knowledge was in hand. The Event-
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distribution charts adequately demonstrate that these assurances were not vadid.
A major reason for the lack of validity becomes apparent in a study of the de-
tailed Event descriptions. At the time an advanced weapon system is proposed,
the design engineer forms his judgments on the basis of experience or the extra-
polation of that experience-the more advanced the proposed system, the greater
the dependence upon extrapolation. A requirement for research in technology
arises when the extrapolation proves to have been overly optimistic.

In view of the potential economic advantages of fixed-price system-develop-
ment contracts, the matter becomes one of determining how, in the light of Proj-
ect HINDSIGHT findings, it is possible to ensure that such a contractual situa-
tion can be meaningfully established without restricting technological growth.
Two possibilities (findings 9 and 10), either or both, are suggested as a solution
to the problem.

(9) The increased use of the advanced-development category can be a means of
identifying deficiencies and channeling research in technology toward their re-
duction.

The Mark 56 and 57 Naval mines, developed in an environment that currently
could be considered advanced development (R&D category 6.3), demonstrates
what can be done. The apparent rate at which technology was introduced shows
the orderly progress that is possible throughout development in the absence of a
production commitment of an overly ambitious delivery schedule. The investiga-
tion disclosed that, during the early development years, the work was accom-
plished at an essentially constant level of effort. Fixed sums of money were made
available for investigations into problem areas that were disclosed as the sys-
tem's design took shape. Production did not start until a prototype demonstrat-
ing that the problems had been reduced was essentially complete. These
examples suggest that the greater use of prototype-system development in the ad-
vanced-development category, to provide focus and spur to research in science
and technology, can be a successful prelude to fixed-price production contracting
and still ensure a significant increase in operational performance.

(10) Visibility of research erpenditures can be retained by means of budget-
ing techniques.

Alternatively, fixed-price development contracting might be made feasible by
assigning to the Government project manager a degree of control over a portion
of *the Military Department's technology money (R&D categories 6.1, 6.2 and
6.3) in addition to the engineering-development (6.4) money committed to the
contractor. This would allow the project manager to influence the development
of the necessary technology for his system, ensure that the technology money was
in fact directed into areas of established military importance, and by keeping the
funds in the 6.1, 6.2 or 6.3 categories give visibility to expenditures. It is clear
that the use of this technology money must remain responsive to the control of
the Government project manager to be parceled out as needed. Obviously, great
care must be taken to ensure that these funds don't become a "bail-out" re-
source to cover nontechnical management deficiencies. Examples of the success-
ful application of this approach were found in the development of the Mark 46
torpedo and the AN/SPS-48 radar.

(11) The DoD has required a considerable amount of new technology and has
had to fund most of it.

The relative ease with which RXD Events contributing to the capabilities of
new weapon systems were identified, the number and diversity of those Events,
and the recognition that the same level of the utilized science or technology al-
most never existed at the time of engineering development of an operationally
similar predecessor system combine to demonstrate irrevocably that a consider-
able amount of truly new technology was required for an advanced weapon
system.

It is estimated the Military Departments spent about $10 billion during 1945-
1963 when most of the identified Events occurred. For the same years, another
estimate places expenditures for research in science and technology by industry
and other non-Defense sectors of the economy at approximately $7 billion. The
finding that the acquisition of 85 percent of the utilized new scientific and tech-
nological information was financed by the Military Departments becomes sig-
nificant in view of the relative size of the two amounts expended.

We may conclude from these two observations that a great deal of new knowl-
edge was required for an advanced weapon system and the Department of De-
fense could not rely on other sectors of the economy to generate it. This coneld-

56-367 0 - 81 - 4
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sion is strengthened by the finding that, of the remaining 17 percent not directly
funded by the DoD, 9 percent was paid for by defense-oriented industries and
was thus indirectly funded by income from previous Defense contracts.

(12) Transfer of technological information is at a reasonably high level within
the defense-oriented community.

Approximately 300 separate organizations or corporations have been identified
as having contributed to the fund of new knowledge. About 20 of them had signif-
icant responsibility as prime contractors in the development of one or two of the
studied systems. Despite the great number of participants, over 80 percent of
the RXD Events (but an estimated 20 percent within the set of systems studied)
are known to have found application in more than one weapon system. At the
very least, therefore, it can be claimed there are strong indications that infor-
mation transfer within the defense engineering community is at a usefully high
level.

The Project HINDSIGHT study did not attempt explicitly to identify alter-
native technologies used in the several systems where one of the alternatives
theoretically might have satisfied all users. The number of cases involving such
a situation was so small as to appear statistically insignificant.

(13) The performance of the in-house DOD laboratories appears to be consist-
cnt with the numerical strength of their professional personnel.

After the sources of the utilized new science and technology were identified,
it was possible to examine time-dependent trends in terms of the relative pro-
ductivity of the various sources. As far as new science is concerned, the available
data are not statistically significant. A marked trend, however, is observable
with respect to technological activity. Early in the 1945-1958 period, about 51
percent of the new technology was coming from the in-house laboratories of the
Military Departments, with 42 percent from industry and 7 percent from the
universities. By 1959 the balance was reversed, so that 36 percent was coming
from the Defense laboratories, 58 percent from industry, and 6 percent from the
universities (primarily university-operated centers such as the Research Labor-
atory for Electronics or the Instrumentation Laboratory at MIT).

During this whole time, the scientific and engineering strength of the non-DOD
community essentially quadrupled, while the strength of the in-house Defense
laboratories less than doubled. Thus, the change in relative output appears to
reflect only the relative increase in strength.

12. Jewkes, John, David Sawers, and Richard Stillerman. The Sources of Invention. 2d
ed. London, Macmillan, 1969. 372 pp.

CHAPTER IX. CONCLUSIONS AND SPECULATIONS

It is a fitting inquiry what are really the intellectual characteristics
of this age: whether our mental light has not lost in intensity at least
a part of what it has gained in diffusion; whether our 'march of intellect'
be not rather a march towards doing intellect, and supplying our de-
ficiency of giants by the united efforts of a constantly increasing multi-
tude of dwarfs. . . . Where, then, is the remedy?. . . It is in the distinct
recognition that the end of education is not to teach, but to fit the mind
for learning from its own consciousness and observation. . . . Let the
feelings of society cease to stigmatize independent thinking.-JOHN
STUART MILL.'

I. The Continuity of Things

There is nothing in the history of technology in the past century and a half
to suggest that infallible methods of invention have been discovered or are, in
fact, discoverable. It may be true that in these days the search for new ideas
and techniques is pursued with more system, greater energy and, although this
is more doubtful, greater economy than formerly. Yet chance still remains an
important factor in invention and the intuition, will and obstinacy of individuals
spurred on by the desire for knowledge, renown or personal gain the great driving
forces in technical progress. As with most other human activities, the monotony
and sheer physical labour in research can be relieved by the use of expensive
equipment and tasks can thereby be attempted which would otherwise be wholly

'On Genius', Monthlyp Repository, n.s.. vol. vi, 1832, pp. 649-59.
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impossible. But it does not appear that new mysteries will only be solved andnew applications of natural forces made possible by ever increasing expenditure.In many fields of knowledge, discovery is still a matter of scouting about on thesurface of things where imagination and acute observation, supported only bysimple technical aids, are likely to bring rich rewards.
The theory that technical innovation arises directly out of, and only out of,advance in pure science does not provide a full and faithful story of moderninvention. As in the past three centuries, there is still a to-and-fro stimulusbetween the two; each has a momentum and a potential of its own. The case forscientific enquiry is not a utilitarian one. It may be that the flow of inventionsis just likely to be increased by stimulating the fuller exploitation of the myriadsof technical possibilities inherent in the existing stock of scientific knowledgeas by increasing that stock.Experience suggests that most specific inventions were not foreseen: they hadan element of the accidental in them, they represented the last, and thereforethe crucial, step between the uncertain and the certain. And the more revolution-ary they were the less foreseeable they were. No one, least of all the inventorsconcerned, predicted the discovery of penicillin, nylon, polyethylene, the tran-sistor, insulin, radio, the cyclotron, the zip fastener, the first aniline dye, the vul-canisation of rubber or many other cases which could be quoted. More generally,in so far as specific inventions are empirical, they cannot be predicted.But if the details of the future are hidden, are there reasons for believing thatit is still possible to perceive in a broader way what is to come? Is there a validparallel, for example, between plotting the broad surge of technology and drawingup (say) a table of the movements of the tides? An affirmative answer can begiven here only if invention is accepted as a 'social process', as a movementwhich has a direction and a force independent of the influences of individuals.'The reasons put forward for supposing that inventions will emerge, in their dueand proper season, as the inevitable incidents in a forward sweep of historywhich is humanly comprehensible and can be tabulated may now be examined.The correct attitude would seem to be to accept the changes brought about byinvention and to deal with these changes, as and when they occur, by methodsadjusted on each occasion to the character of a specific and perceived problem.It is wvell to remember that, in the past. the prophets have tended to press uponus hasty and hysterical action because their views about the future have beenfounded upon a narrow and unsubtle picture of possibilities and an inadequategrasp of the power of communities to resolve their problems step by step. It iseasy to list the major alarms that they have raised: progressively extensive un-employment as machines came to be more widely used; 2absolute shortages ofraw materials because the use of natural resources was not being controlled;the social dangers of increased leisure as communities became richer; the spiri-tual and moral hazards of societies where more and more tasks were mechanizedand less work left to the healthy use of hands and eyes; the prospects of scienceand technology being devoted wholly to the designs of individuals plotting toconcentrate power in their own hands.

Is it in fact true that nowadays inventive ideas are more quickly seized uponand exploited and their potentialities more swiftly diffused throughout the com-munity in the form of higher standards of living than heretofore? We do not knowbecause these things cannot be measured in their totality. Is it true, for example,that standards of living are rising more rapidly than ever? Because this cannot bemeasured, it is seductive to reach snap generalisations based on a few spectacularillustrations. On the other side, however, it may be asked whether there is muchcause for self-congratulation in the fact that although a jet-propulsion plane flewin 1939, it was not until the end of 1958 that the jet-propelled airliner becameestablished as a regular part of air transport? Or that colour television was
' It is interesting to watch H. G. Wells, In his efforts to establish the propositionthat we can generalise about the future of humanity, trying to escape from the embarrassingfact that there are great men, whose appearance cannot be predicted, but who presumablyhave some influence on events. He concludes, 'the great man cannot set back the wholescheme of things; what he does in right and reason will remain, and what he does againstthe greater creative forces will perish'. (,The Discovery of the Future', Proceedings ofthe Royal Institution, vol. 17, 1902.) In this form the cult of prediction Is really a kindof religion.2 A prediction which was most confidently and most widely made in the 1930's was thatthe introduction of the cotton picker would create unemployment and the most serious socialproblems in the southern states of America. The cotton picker is now very extensivelyemployed but none of the predicted consequences have arisen. The latest illustrationof this is the scare about 'automation' which it is said threatens us with unemploymenton an unprecedented scale. (N. Wiener, The Human Use of Human Beings, p. 162.)
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introduced so slowly? Or that the work over 30 years of the scientists in con-
nection with silicones only began to find commercial applications after 1945? Or
that the diesel-electric locomotive was brought to the point of general use only in
1935 although the diesel engine was invented at the beginning of the century
and systems of electric transmission had long been known? Or that no automatic
transmission system was adopted on any scale for the light motor car until 1959?
Or that it took a quarter of a century for industrialists to recognise the value of
taconite? Or that the improvement in the electric battery has been so incredibly
slow.

In the twentieth century, apart from the special awards to war-time inventors,
the emphasis of public endeavour has been upon institutions and not upon in-
centives. Governments have sought to encourage invention by setting up research
organisations under their own control, or have subsidised research groups set up
otherwise. Firms themselves have established industrial research laboratories
and, at least in the United States, private enterprise has created specialised
research organisations working for profit. The underlying principle, rarely for-
mulated precisely but ever present, has been that originality can be organised;
that, provided more people can be equipped with technical knowledge and brought
together in larger groups, more new ideas must emerge; that mass production
will produce originality just as it can produce sausages.

Under the influence of this doctrine the process of discovery and invention is
becoming progressively institutionalised. The disposition of individuals to pursue
their own ways with their own resources is weakened in many ways. High taxa-
tion (which in part is high because governments collect resources from the citizen
for the purpose of stimulating public scientific and technical research) makes
difficult the accumulation of private means. The lure of adequate equipment,
congenial intellectual society and a secure livelihood provided by the institution
is strong. In turn, institutions will naturally place emphasis upon the formal
training and academic qualifications of those they employ: they will therefore
become increasingly staffed by men who have been subject to common moulding
influences. There is a possibility of in-breeding from which the more eccentric
strains of native originality may be excluded.

It is, therefore, not wholly perverse to pose the following question. If present
trends continue for any length of time, it Is not improbable that all technical re-
search will be carried on by men with high university degrees in institutions
where a measure of organisation is necessarily imposed on their work; that such
institutions will be looked upon as the sole source of technical ideas; that
emphasis will be laid on the need for, indeed, the duty of, research workers to
submit themselves to team work; that the activities of the groups will be planned
with a view to eliminating overlapping efforts and "filling obvious gaps". Is this
the kind of system most conducive to innovation?

V. The Virtues of Eclecticism

Knowledge about innovation is so slender that it becomes almost an imper-
tinence to speculate concerning the conditions and institutions which may foster
or destroy it. But the evidence in this volume points to the conclusion that, in
seeking to provide a social framework conducive to innovation, there are great
virtues In eclecticism. The conditions under which inventions have arisen up to
the present day are so diverse that safety would seem to lie in numbers and in
variety of attack. If past experience is anything to judge by, crucial discoveries
which add to the conveniences of life may spring up at practically any point and
at any time. The only danger would seem to be in plumping for one method to the
exclusion of others. In so far as society can usefully interfere-and there Is much
truth in the belief that "the only thing men of power can do for men of genius is
to leave them alone"-its task would be to try to maintain a balance between the
different sources of Inventions, to strive to prevent any one dominating to the ex-
clusion of others.

The prospects in the Western countries for keeping open numerous channels
are not altogether unpromising. There are some natural defences against the dan-
gers of a vast, tidy, monolithic national organisation of technology and science.
Autonomy of science and technology in the universities, while threatened by
recent events, is still strongly believed in; it is much to be hoped that scientists
and university administrators will recognise and resist the encroachments of out-
side bodies and the lure of tempting grants which turn the universities into tied
houses. If science has a 'social' function it is to defend its self-government. It Is
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all to the good that there are very many different types of research institutions,
ranging from the university laboratory to the private enterprise research orga-nisation, providing a wvide range of experiment and competition in the differentways of handling research workers and, conversely, offering to each worker some
choice in the conditions under which he operates. It is perhaps not altogether
accidental that the two countries which are often claimed as possessing the great-est inventive energy, the United States and Germany, have the greatest diversity
of types of research organisations. And in Great Britain it would be a mistake tosuppose that the existence of an extensive chain of industrial research associa-
tions, which show very varying levels of achievement, render unnecessary orundesirable other technical research organised in different ways and working
with different motives. Again, the very number and diversity of approach of theresearch laboratories of industrial corporations might create a bar to excessiveuniformity of method and outlook. So long as firms are in competition it may be
supposed that their rivalry will extend to the best manner of handling theirresearch policy and that the better system will prevail. Thus there are not a few
firms which are very conscious of the danger that prolonged university trainingmay inhibit or destroy the inventive faculty, and which therefore recruit their
research workers from local technical schools or even from among the promising
youngsters at the benches. There are some firms which try, difficult though it maybe, to provide for at least a few men of promise the kind of freedom which anindividual inventor or the university worker would possess. There are some who
feel that the best use they can make of whatever resources they can afford forresearch is to support university activities.

To put the matter concretely: the next time that someone invents, as Whittleinvented, a new type of engine, is there any way in which the individual inventor
can be spared the neglect, discouragement, or active obstruction which wasWhittle's experience? The answer may be no. It may be that, clumsy and waste-ful as the process seems, no more effective way can be found of separating wheatfrom chaff among individual inventors than to submit them to this kind of roughjostling. For, it may well be argued, if there were no method for enforcing stand-ards and side-tracking the charlatans, we would be overrun by a jungle ofcranky ideas. In science the task of sifting the spurious from the real is con-ducted by the profession itself; in commerce the test is that of the market; in artin most countries it is settled by a combination of market forces and publicarbitrament. With invention, except in war-time, the final test is, and of coursemust always be, again the market; but under the patent system the State makesa preliminary and rudimentary distinction between those ideas which have inven-tive merit and those which do not, and then confers upon the originators tem-porary protection in the market. The question at issue is whether this is the rightcombination of obstacles and spurs for blocking abortive novelties but not sup-pressing seminal minds, whether we pay just about the right price in good ideaslost to society in order not to be pestered unduly by the charlatans. Could we Inany new ways provide a sanctuary for the inventor which would not become a resthome for freaks and oddities?

One conclusion can be put forward immediately with confidence. So long as thesurvival of the individual inventor is not utterly despaired of (and the evidence
of the preceding chapters suggests that there is no need to do this) and so longas nothing better can be suggested for the purpose, there is a very strong case forthe retention of the patent system.

13. Kelly, Patrick, and Melvin Kranzmerg, eds. Technological Innovation: A CriticalReview of Current Knowledge. San Francisco, San Francisco Press, Inc., 1978. 08 pp.

THE AGOuMENT

(By Charles Susskind and Martha Zybkow)

Part I

1. ECOLOGY OF INNOVATION

Technological innovation is an ecological process that spans a range of activi-ties from the initial idea through development, production, and diffusion; it is acomplex response to either need or opportunity, requiring creativity and resultingin the introduction of novelty. Exogenous elements such as human wants, social
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values, and the economic structure affect the nature and rate of innovation itself;
for, like any creative endeavor, it arises from the interaction between individuals
and the socio-cultural environment. Because innovation brings about changes in
how people work and live, and ultimately how they think and act, prediction of
the higher-order effects of new technology before its application is important.

Aspects of the innovative process are of interest to a spectrum of disciplines.
Researchers in economics, sociology, and anthropology, for example, continuing
to develop models of the process in an effort to understand it better. Although
focused studies with limited emphases increase our insights, they cannot provide
a complete understanding of the entire process. It is tempting to simplify innova-
tion into a linear process beginning with invention and culminating in dissemina-
tion. But such a model cannot explain the Interaction of components and ignores
the reciprocal relationships between structure and function. A holistic, "ecologi-
cal" approach that transcends the bounds of disciplines is better suited to the
concepts involved.

The conceptualization of innovation as part of a large, dynamic system Is vital
to its comprehension, but we must focus on the most relevant forces relating to
technology: structuring devices must be imposed to create a manageable frame-
work on which to base investigation. In this study, the authors order the com-
ponents of innovation by the context in which the process takes place into "in-
digenous" factors (from problem definition to production and diffusion) and
those that comprise the larger "exogenous" system (e.g.. values, institutions).
Once this classification is made we can relate the parts, see the relationship of
function and structure, and better understand the nature and effect of their
integration. Finally, the subject is divided into two phases, innovation and dif-
fusion, as an aid to organization. This classification differs from the classical
division of innovation into individualistic (heroic) and determinstic, as well as
from the opportunity-need-genius triad of R. B. Dixon or the linear approach of
A. P. Usher.

2. THE WORLD OUTSIDE

The three classical elements of the exogenous system affecting innovation are
values (individual or group preferences), endowments (inputs to innovation:
knowledge, capital, labor, energy, and materials), and institutions (human orga-
nizations that develop to serve goals defined by societal preference).

Values.-Linking the role of values to innovation is important because capital-
ism played a crucial part in the development of technical innovation as a central
activity of modern Western society. The degree of societal support for research
and education reflects the values supporting scientific and technical knowledge.
Current studies show that there is growing public awareness of the broader im-
plications of innovation. Concern over the harmful side effects of new technology
has given rise to public-interest groups. Changing values are also being "institu-
tionalized," for example in environmental legislation, pollution regulation, and
(in the USA) the creation of the Environmental Protection Agency and the Office
of Technology Assessment. This desire to evaluate and control the effects of tech-
nology may change the rate and kind of innovation in the future.

Endowments.-Interaction of science and technology, which has increased the
pace of innovation in the past, Is the result of the high value placed on the fruits
of innovation. However, most Innovation does not arise directly from the appli-
cation of scientific knowledge. A model of a "pulling and pushing" relationship
between science and technology has evolved from current studies relating new
discoveries and Innovation.

New technological innovation Is stimulated by "readiness" as well as knowledge.
Existing technology is an important tool for advancement. Because technologies
are Interdependent, advances in one field create the need for innovation in another.
The quick mechanization of British textiles during the Industrial Revolution
shows how innovation is spurred as new opportunities are created. Improving
the spinning process called for faster weaving and in turn a better, faster way of
preparing raw cotton.

Innovation also requires money for new ventures, shifts in the quality of labor,
and the supply of specific natural resources. In the market structure, demand
stimulates and to some extent directs the incentive for innovation. Natural re-
sources and the supply of scientific knowledge are also important. Growth in
knowledge decreases the cost of specific Inventions. The substitution of materials
and energy sources also aids in increasing productivity and lowering cost. Al-
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though the range of isolated substitutions is broad, students of systems dynamics
stress that in the world context, most resources are finite and in the long run the
substitution model cannot hold up. Limits to growth rest in the limits of "sub-
stitutability." This bound is set by human values as well as by natural supplies.

Institutions.-In the West, the market mechanism provides incentive and
legitimization for decisions. Society, highly values the products of current tech-
nology; the economic structure ought to support the most efficient use of existing
resources. Schumpeter and Galbraith argue that competitive organization is not
necessarily the best impetus for innovative activity; as technology changes,
another type of organization may prove more suitable. This view leads to an
examination of the relationships among firm size, market structure, and innova-
tion. Studies have revealed a positive relationship between firm size and the
amount of R & D expenditures (and patent activity). According to Schumpeter
and to Galbraith, industries in which large firms predominate are more innovative.
Smaller firms engaged in close competition want (and need) to innovate more
but have less financial and organizational capacity. Ease of entry into an industry
is another component of market structure under study,. Expense, lack of patents,
and difficulty in competing with established firms impede entry to certain indus-
tries. In such industries the pressure to innovate is smaller; yet easy entry may
actually discourage experimentation and investigation of new areas. More study
of the interaction of market structure and innovation activity is needed.

Although the government theoretically plays a minor role in a free-enterprise
economy, the U.S. government has become increasingly involved in fostering new
technology. It contributes over one-half the nation's R & D funds and is as impor-
tant factor in determining in which areas of technology innovation will take place.
Regulation and control modify the economic institutions that bear on innovation,
directly through the patent system and tax structure and indirectly through
regulative bodies. A "map" of political institutions and public policies that would
indicate the effects of each on innovation and the overlaps and conflicts among
them would aid further study.

3. THE PROCESS OF INNOVATION: THE ORGANIZATION AND INDIVIDUAL CONTEXTS

The institutional form of innovation has come to predominate, in part as the
result of the belief that creativity can be a deliberate and controlled function
of the organization. This assumption makes understanding of the creative process
imperative. The firm must be able to read external opportunities and circum-
stances and utilize this knowledge internally. This linkage of environments is
assumed to take place at the policymaking level of the firm.

The Individual Inventor-Entrepren eur.-Despite the growth of institutionalized
innovation, there are proponents of the individual inventor who argue that the
increase in the research force has not been matched by the rate of innovation.
However, the Charpie Report (1967), which supported this view by a statis-
tical approach spanning this century, missed the change under way at the time
of the study; the individual was giving way to the group worker in organized
research laboratories.

The role of the independent inventor has been studied from sociological and
psychological viewpoints; but for the purpose of the present study, the context
in which innovation takes place is all-important. The function of the inventor
must be linked with the entrepreneurial function, which musters the financial
support and the managerial and promotional skill necessary for innovation. The
phenomenon of "spin-off" firms specializing in invention and development to the
point of application is a product of complex technology, which requires knowledge
and management beyond the capabilities of a single individual. These firms per-
form the role of inventor-entrepreneur.

Organized R ci D Within the Laboratory.-Organized structure is a major
determinant of the function of R & D within the firm. Structure, strategy, and
policy interact to influence the orientation of the laboratory, the characteristics
of the projects generated and funded, and the effectiveness of R & D. In the past
most R & D was subjected to the same hierarchical control and coordination as
the firm's other organization functions. Two models (ideas and information flow,
and process-phase) were proposed when study of the R & D process began. A
different model emerged in the 1960s as a response to change in organizational
development, a model that focused on the tvo stages (innovation and diffusion).
In an effort to improve the original two models, project-dominant and phase-
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dominant composite models have been developed. Various types of projects fit
one or the other model better.

Several orientations can be associated with a firm or laboratory. One set is the
basis for the process-phase model (i.e., research, development, engineering, etc.);
another is the notion of offensive vs defensive R & D (related to the "leader
vs follower" notion of firms). The view held by management regarding the
proper balance of the R & D program can directly affect the ideas generated,
submitted, and undertaken within the laboratory. Dilemmas arise when the
relationship of the organizational structure with the nature of the projects
undertaken is examined. Organizational conditions most suitable for initiation
are opposite to those suited for implementation. The best organization depends
on the environment: "mechanistic" (hierarchical and authoritarian) organiza-
tions are more effective under stable and relatively certain conditions, whereas
the converse is true for "organic" (adaptive and informal) organizations.

Organized innovative efforts change and control individual judgments and
activities. However, pre-project activities of problem definition and idea genera-
tion cannot be as directly controlled as later project activities. Social-psycho-
logical influences of intra- and intergroup relations are important in this early
stage. The researcher's perception of his own freedom, supervisory authority
that keeps in touch and allows freedom of action while making the needs of the
firm understood, and work groups that share information and ideas and are re-
ceptive to outside consultation are elements that enhance creative activity. Al-
though relevant variables are now well identified, relatively little has been
written about their interdependence or the indirect influence that management
can exert, just as the recognition of needs and demands in its environment and
the input of technological information are crucial to a firm's success, internal
appreciation of the firm's needs and information flow within the organization
are important. Social networks of influence and information flow that are pri-
marily informal and oral are an important area in which indirect influence can
be exerted. Since ideas are submitted only if the originator feels that the needs
and means for development will be seen as relevant by management, more should
be done to foster understanding of the mutual influences and interactions be-
tween management and researchers and among various levels of the organization,
as well as among the researchers themselves. The importance of project selection
is stated as follows:

"Of all the subtopics in the literature of organized innovation, R & D project
selection may have received the most attention, as it is a focus of both 'idea flow'
and 'process phase' models. The R & D project selection decision is a process by
which an intermittent stream of changes are made in lists of currently active
and proposed projects. The project-selection process includes generating alterna-
tives, determining the appropriate time to make a change, collecting data, speci-
fying constraints and criteria, and recycling. The decision is complicated by
multiple decision criteria which has no natural, common, underlying measure
and whose relative importance varies over time. The decision may require contri-
butions from several different organizational levels which are participating in
a hierarchical, diffuse planning and budgeting process. Our present descriptive
knowledge has not yet been integrated into a framework which offers promise
of improving the process."

How the social-psychological environment affects the performance of scientists
and engineers is another important topic. Effective workers were found to be self
directed, able to interact with colleagues, doing diversified work, 'and exhibiting
individual work styles. An investigation of the causality of effectiveness revealed
that performance precedes favorable organizational conditions; productive re-
searchers were rewarded with better conditions. "Thus performance should be
viewed as a cause as well as a result of change." Prevalent in high-performance
groups was an open exchange of information and ideas, and good interaction
with supervisors.

A final area of consideration is the transfer of R & D to implementation and
utilization. This process occurs when technological output becomes an ongoing
capacity (production, marketing, sales). Approximately 75 percent of total inno-
vation costs are spent on implementation. The transfer of R & D results requires
a coupling of structure, function, information, and authority. Various organiza-
tional forms are used to facilitate this transfer. This is a problem area of great
importance but the one for which there is the least information.
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4. THE DIFFUSION OF INNOVATION

Research to date on the diffusion process is primarily oriented by sectors that
are social systems (such as consumers, agriculture, government, industry). The
three basic traditions of approach are the social-psychological, the economic, and
the "geographical." Diffusion evidently occurs in an outward-spreading move-
ment, with new adoption taking place mainly near existing adoptions. Personal
communications and direct observation are the basic channels for diffusion. This
conceptualization emphasizes effective flow of information. The interaction of
propagators and adopters implies the existence of a social system.

The economist Mansfield identifies key factors in an innovation's rate of
adoption as profitability, uncertainties (complexity, observability, and degree
of consistency with existing ideas), extent of commitment, and rate of reduc-
tion of initial uncertainty. The findings of his 1970 study of intrafirm research
and innovation, in which he investigated the relationship between technological
change and economic growth, are of interest in the social-psychological realm. The
diffusion process is slowed by lack of knowledge and by resistance to change.
Nonuse of new innovation is primarily the result of unprofitability. Better edu-
cated owners tend to be early users. Resistance to change entails social, cultural,
and psychological components. The effect of this resistance on the propagator's
strategy is seen as an important topic for future research.

The "classical diffusion model" remains the major approach to a unified con-
ceptual structure for diffusion. This model concentrates on innovation, commu-
nications channels through which it is diffused, the concept of a social system,
and time (since the adoption decision is a process rather than an act). How-
ever, this approach does not provide an adequate framework. A workable theory
should include the characteristics of adopters, of innovations, of propagation
mechanisms, and of the aforementioned sectors, which are networks of com-
munication. In previous studies, the functions of social interaction have been
stressed over structural characteristics. Research plagued by the other-things-
being-equal syndrome has produced a static listing of influences: opinion leaders
are identified, early adoption is shown to depend in part on early possession
of information, communications and information networks are mapped, and so
on. However, in the absence of cross-sectoral studies, sector influences on internal
diffusion of innovation and the relative importance of these influences remain
poorly understood.

The adopter cannot be severed from the organizational structure or from the
informal social system in which he operates. The structure of an organization
influences its adoption behavior and reflects the judgments of its leaders. In-
dividuals within the organization look to peers and superiors for confirmation
of their opinions. Adoption can be impeded by resistance to change and under-
educated decision makers.

Diffusion can be either adopter-dependent or adopter-independent. The social-
psychological and economic-industrial traditions have similar lists of adopter-
dependent characteristics. For example, the concept of "relative advantage"
extends beyond possible profitability to prestige and uncertainty, and depends
on the adopter's perspective. Trialability (the extent to which initial adoption
is reversible), the adoption of Information (i.e., a better way of doing something),
and the proprietary or nonproprietary nature of information are adopter-
indepenent traits. Determination of the effect of these characteristics on adopter
behavior merits high research priority.

Propagation mechanisms are agents, agencies, and vehicles of communication
wvhose primary function is propagation. They provide or increase observability.
Technological information "gatekeepers" within an organization, the mobility of
engineers within an industry, professional societies, and a broad range of gov-
ernment agencies and programs serve as propagation mechanisms. Quite likely
the diffusion of innovation is primarily an oral process. In mass media, informa-
tion programs and advertising serve as propagators.

The development of a general theory encompassing the above elements requires
new questions to be directed at the integration of various aspects of the diffusion
process.

5. OVERVIEW AND PROSPECTS

The first part of this report has attempted to determine what is known and
what should be known about the innovation process. The specific objectives were
to synthesize a diverse literature, to identify gaps and weaknesses in our under-
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standing, and (indirectly) to advance that understanding. Because the subject
embraces a wide range of variables of interest to scholars of many disciplines,
emphasis on the interdependence and complementary role of the several fields
that have contributed to the research on innovation was an additional objective.
The investigation was made at several levels of aggregation. It has identified
process phases and facets, integrating and at times extending existing concep-
tualizations. Implicit in the works examined and underlying the institutionaliza-
tion of the innovation process is the belief that the process can be deliberately
altered (i.e., made more systematic) to aid in the creation and diffusion of in-
novations. However, increased understanding and control depend on the develop-
ment of a comprehensive theoretical framework. The authors stress the need for
conceptual work to achieve this framework.

PART II

6. INVENTORS: THE PROBLEMS THEY CHOOSE, THE IDEAS THEY HAVE, AND THE
INVENTIONS THEY MAKE (T. P. HUGHES)

The author distinguishes three early stages of innovation-problem identifica-
tion, idea-response (formulating ideas that will lead to a solution), and invention
(ideas given form) -as exemplified by accounts of three inventors at work and
other information drawn from Usher's History of Mechanical Invention (1954),
Gilfillan's Sociology of Invention (1935, 1971), and his own Elmer Sperry (1971).
This approach reveals the individual's ability to synthesize thoughts and activi-
ties in his environment. The work of Edison (1847-1931), Sperry (1860-1930),
and Midgley (1889-1944) spans a period in which there was strong support for
independent inventors. Although each man represents a different type of in-
ventor-heroic inventor, transitional figure, and industrial research scientist-
many similarities appear in the three case histories.

Similarities in these case histories help reveal important components of the
innovation process. Since inventors mostly solve existing problems, it is important
to see how problems emerge. Change generates incomplete patterns, reverse
salients, and imbalances. The author states, "Each interpretation and each case
reinforces the conclusion that complex change within even more complex change
is the process under way when innovation is occurring." An inventor identifies a
weakness in a system and seeks to correct the problem. Among factors affecting
an inventor's project selection are his education, experience and talent, anticipa-
tion of funding and a market, and availability of R & D facilities. Seeing what
other researchers have done allows the inventor to see the focus of prior work
and find points that need attention. The generation of a solution is a creative act,
difficult to analyze. Idea response is a process of small steps. The cases examined
show that analogies are employed, similarities in superficially different problems
are seen, and earlier solutions aid in finding new ones.

7. TECHNOLOGICAL INNOVATION AND NATURAL RESOURCES: THE NIGGARDLINESS OF
NATURE RECONSIDERED (NATHAN ROSENBERG)

The purpose here is to examine the relationships between patterns of resource
scarcity and the innovative process. The supply of natural resources has long
been a concern to economists. Malthus envisioned a bleak future as exponential
population growth taxed the capacities of a fixed supply of land for food produc-
tion. Fixed resources, population growth, and diminishing returns became the
foundation of classical economics. Although focus shifted from arable land to
other resources needed for an industrializing. economy in the late 19th Century,
economists continued to be preoccupied with finite supplies. The conservationist
view is a modern form of an old-theme. With growing concern over underdevel-
oped countries, the problem of population growth again receives attention.

S. THE ECONOMICS OF INDUSTRIAL INNOVATION: MAJOR QUESTIONS, STATE OF THE
ART, AND NEEDED RESEARCH (EDWIN MANSFIELD)

Problem areas of industrial innovation interest economists. They concern the
nature of the innovation process. the appropriateness of the existing rate of
innovation, the determinants of this rate and its relationship to industrial orga-
nization, and technological forecasting. Mansfield evaluates existing economic
research in these areas, focusing on the individual firm, and suggests what kind
of research is now needed.
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Various models describe the phases involved in the innovation process; therelative cost (and time) of each phase vary among inventions. Market and/orproduction need seem to be a more frequent inducement for innovation thantechnological opportunities. Although in many industries formal R & D is re-sponsible for a minority of innovations, a larger percentage of major impor-tant innovations seems to emanate from it. Profitability is important in shapingpublic and private policy. In the early and middle 1960s the rate of return frominvestment in technological innovation appeared to be high. Current estimatesof the profitability of such investment is one of the three key areas in need offurther study. An analysis of the sources of innovation and the characteristicsof innovators is also needed. Finally, success of initiated R & D projects invarious firms requires investigation.
What is the proper rate of innovation has received little attention. Variouslevels within a firm's organization (top management, production, marketing,R & D) have different vested interests in change. Top management (which hasthe greatest control) often feels that the rate is too slow. A main barrier tofaster implementation results from poor exploitation of R & D output by themarketing and production departments. The rate of innovation is also impor-tant to society as a whole. Does the market economy facilitate enough R & D?Should more attention be paid to the difference between the private and socialcosts and benefits of new technology?
The optimal rate of innovation is a political as well as economic question.Although the problem is complex, four types of studies would be of great use:(1) We should attempt to estimate better the social return of various innovativeactivities. (2) We must examine how firms trade off various kinds of risk(e.g., probability of technical or commercial completion and economic success).(3) Studies concerning the optimal extent and kind of international speciali-zation are needed because capabilities and R & D resources in most countriesare limited. (4) We must develop better measures of the rate of innovation.
As to the determinants of the rate of innovation and its relationship to orga-nization, they depend on factors that influence profitability of technologicalchange (demand, inputs, proportions, availability, etc.). Among the importantfactors operating at the firm or industry level: the way R & D is coupled withmarketing and production, the types of analytical techniques used to manageinnovation, the size and sophistication of the relevant market, and the avail-ability of risk capital. More information is needed by policy makers about thesefactors. The effect of organization, strategy, and personnel changes on innova-tive performance, and information regarding venture capital deserve focusedstudy. Firm size and market structure also affect the rate of innovation. Al-though the traditional idea that efficiency is maximized by competition is dis-puted by Schumpeter and Galbraith, studies have shown that small firms areimportant for the initial phases of R & D. Evidence indicates that bigger firmsget less innovative output per dollar of R & D than smaller ones. Some indus-try concentration promotes more rapid innovation but high concentration (asmall number of independent sources) does not. Moreover, entry of new firmsand a mixture of firm sizes both increase innovation; in highly fragmentedindustries technological change is hampered. Information about economies ofscale, the cost of innovation in various industries, and recent major innovations(and their innovators) in a broad range of industries is needed.As to technological forecasting, studies measuring the track record of varioustechniques would aid in assessing which method is best under particular cir-cumstances. It seems likely that a clearer understanding of the process oftechnological change must precede improved forecasting techniques.

9. TECHNOLOGICAL INNOVATION IN FIRMS AND INDUSTRIES: AN ASSESSMENT OF THE
STATE OF THE ART iR. S. ROSENBLOOM)

The concept of strategy may offer a framework that would help explain howorganizations and environmental elements influence the rate and character oftechnological change. These factors "can meet the test of maleability, since theelements of the organizational context are within the control of corporate man-agement, whereas the external factors are influenced both by corporate behaviorand public policy.'" The chapter focuses on issues that pertain to policy makersand adminstrators.
Studies of particular innovations have led to a basic definition of the innova-tion process and have identified its elements and their interrelated nature. Al-
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though central tendencies have been found and crucial factors identified, no ade-
quate theory has evolved to explain their relative importance of why variations
occur in innovation among firms and industries.

Investigation at the firm and industry level is helpful in constructing theoreti-
cal frameworks. Two tendencies prevail. Economists. examining the implications
of firm size and industry market structure, focus on the external environment and
address problems of public policy. Behavioral scientists focus on the "inner en-
vironment" of the firm that concerns managers. They are interested in the rela-
tionship between technology and the structure of organizational systems. A firm's
tasks determine the organization best suited to it. The technologies the firm uses
may also aid in defining the most effective organizational form; moreover, certain
structures may be more or less conducive to technological change. Studies explor-
ing the relationship of organization to environment stress the importance of en-
vironmental diversity and uncertainty, structural formality and managerial
orientation. Greater differentiation of units with an organization and a high de-
gree of integration across units are characteristic of firms with good performance.

A synthesis between the approaches of economists and behavioral scientists is
needed. The firm constantly interacts with its environment. External forces such
as competitor behavior, consumer demand. and public policy help shape the en-
vironment; whereas organization structure and the kind of technology used affect
internal operation. Top managers can influence both internal and external fac-
tors. For example. they can bring the firm into new markets, pursue a financial
policy that exposes the firm to uncertainty, stimulate sales through marketing
policy, and influence consumers.

Technological change can be viewed as a dependent variable that results from
the interaction of structural context and the innovative process. The implementa-
tion of strategy means turning abstractions into more concrete forms, which gives
shape to organizatinal structure. Technology is thus not entirely outside the con-
trol of managers.

Io. REvIEw AND ASSESSMENT OF THE METHODOLOGY USED TO STUDY THE BEHAvIORAL
ASPECTS OF THE INNOVATION PROCESS (C. F. DOUDS AND A. H. RUBENSTEIN)

Studies of the innovation process should lead to the development of theories
that will assist managers and policy makers in their decisions and actions. How-
ever, a lack of well-developed and consistently applied methodology for such

studies hinders the development of adequate theories. In this chapter, several
types of methodologies are described and representative examples are appraised
to further the development of research strategies. Much of the literature on inno-
vation reflects three basic methodologies (discursive, case studies, field studies)
and a fourth type is of particular importance (field experiments).

1. ASSESSING THE KNOWLEDGE OF INNOVATIONS IN NEGLECTED SECTORS: THE CASE OF
RESIDENTIAL CONSTRUCTION (W. P. STRASSMANN)

Assessing technological change in neglected sectors such as public services and
health care is difficult. Not only is their output qualitative rather than quantita-
tive, but these fields are poorly understood in all respects. Residential construc-
tion is a "halfway house," providing both physical objects and a flow of services.
Barriers among materials producers, designers, builders, and owners are responsi-
ble for the inadequate amount and direction of innovation in this sector.

During the Industrial Revolution theories and tests improved types of con-
struction after they were already in use. Utilization of new materials such as
iron and reinforced concrete also began with practice and was followed by
theory. As the production processes changed, housing technology was also trans-
formed. For example, efficient mechanical saws reduced the cost of thin boards
and resulted in the invention of balloon framing. Among factors that restricted
experimentation were the separation of building from the fabrication of building
materials, the insulation of contributing occupations (leading into increasing
specialization), and restrictive desire to curb unsafe building and fraud. More
complex building techniques required specialization. Although buildings became
safer and cheaper to produce, a rigid system of organization dampened new
innovation.

The breakdown of this system is now under way. Government-sponsored build-
ing research has pioneered new techniques, materials, and processes. Today a
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major impediment in overhauling construction methods is the failure to consider
"externalities" such as handy transportation facilities, public utilities, and in-
dividual needs. "Technological change in housing must raise variety and quality,
as sought by the occupants, and not merely lower cost, as defined by engineers."
A recent study assessed the role that large American corporations might play in
providing housing through mass production and found that institutional con-
straints limited technological response to the housing problem. Since housing is
a stock, durability and maintenance are important areas for R & D. However,
innovations must take into account who the occupants will be and where they
are.

12. DIFFUSION OF INNOVATIONS PERSPECTIVES ON NATIONAL I & D ASSESSMENT: COM-
MUNICATIONS AND INNOVATION IN ORGANIZATIONS (E. M. ROGERS WITH J. D.
EVELAND)

Organizations are an important part of modern society. Understanding the
innovation process within them is crucial to understanding technological ad-
vance. A new "micro" approach to the study of innovation within organizations
is proposed. The classical diffusion model is of limited value because of its
implicit assumptions. It identifies the principal characteristics of innovation-
relative advantage, compatibility, complexity, trialability, and observability-
perceptual qualities that are easier to assess in an individual than in an or-
ganization. Adopter categories, which classify members of a social system, are
based on the relative time at which adoption occurs; but they can be only applied
to successful innovation. A measure for judging the value of proposed innovation
is needed before a general theory is developed that can deal with failures as well
as successes. The decision to adopt an innovation may be an individual's inde-
pendent choice, a collective choice, or an authoritative decision. Problems arise
in transferring the diffusion model from the individual level to the level of the
organization. The adoption decision and its implementation may be two different
subprocesses. Among the questionable assumptions of the classical diffusion model
is the desirability of adoption. We must focus on how decisions are made, with
what criteria, and with what consequences. The classical model considers cross-
sectional data (comparative information gathered at a given time) as sufficient
for evaluating organizational innovativeness, an assumption that ignores the
continual change within organizations. Another assumption, that decisions are
made by individuals, has led to studies of diffusion among organizations but not
within them. We need a research style to facilitate a merger of organizational
theory with the diffusion model. Large-survey studies on organizational innova-
tiveness have identified variables but have not revealed how diffusion and in-
novation occur.

13. TECHNOLOGY FORECASTING LITERATURE: EMERGENCE AND IMPACT ON
TECHNOLOGICAL INNOVATION (J. R. BRIGHT)

The importance of technology forecasting (TF) has grown with the increasing
impact of technology on our environment. An increasingly rapid succession of im-
provements requires huge commitment of resources. Growing concern over the
environment has prompted government to require impact studies of its major
technological programs and has given rise to technology assessment. But assess-
ment requires anticipation. Traditional forecasting, which relies on expert opin-
ion, is no longer adequate with the growing complexity and interaction of
technologies.

Technology forecasting is a qualified, logical prediction. Its objective nature
and purpose distinguishes it from opinion and prophecy. The possibility of fore-
casting is supported by several rationales. General consistency or pattern in tech-
nological change provides a basis for trend extrapolation from past data. By
choosing appropriate parameters one can extend past time series. Such projec-
tions can predict future levels of performance and capability. Technology is a
response to needs and opportunities. Normative (goal-oriented) forecasting has
arisen from growing willingness to provide public support for technology lead-
ing to desirable social goals. Careful consideration of future needs reveals the
kind of technology that is desired and will probably be developed. Finally, by
monitoring the process of innovation signals can be identified. Since innovation
is a long process, most technological innovations are visible before they are widely
available or applied.
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14. TECHNOLOGICAL INNOVATION AND ECONOMIC GROWTH (SIMON KUZNETS)

The author has summarized his findings in nine points, given below largely in
in his own words:

(1) Technological innovation played a key role in the rise of product and
productivity in modern economic growth; and also induced major trans-
formations of conditions of work and life.

(2) These transformation were required to channel new technology effec-
tively, and meant organizational changes in the earlier institutions that gov-
erned production. The resulting changes in conditions of work for the active
participants were a major element in changing conditions of life. Thus, tech-
nological innovations required innovations in social structure and even in
prevailing attitudes. They also required adjustment to resulting displace-
ment of resources in earlier, and obsolete, uses.

(3) A major technological innovation involves a sequence of phases stretch-
ing over a long life cycle. Of the four phases suggested-preconception, ini-
tial application (IA), diffusion (D), and slowdown and absolescence (SO)-
the IA and D phases alone account, on the average, for half a century. The
phase sequence, the differences in input-output relations in the several
phases, and the phase differences in the interplays between the technological,
economic, and social adjustments bear clearly on analysis, policy considera-
tion, and prognosis.

(4) The clustering of even major technological innovations into groups of
related changes (stemming from exploitation of one source of power, or from
a new industrial material, or from the interrelation of functions within a
production process), combined with the interplay between innovations and
the social and institutional adjustments to them, lengthens the sequence of
distinctive phases and adds to their complexity.

(5) The focus of technological innovations shifts over time from one sec-
tor of the economy to another, and creates new sectors. Their immediate im-
pact is always unequal among sectors, and hence among social groups in the
economy. This inequality of impact is itself a social and economic problem
that requires adjustments.

(6) Because of the combination of conventional economic inputs with re-
quired changes in conditions of work and life, and because of the combina-
tion of conventional economic outputs with possible nonconventional
byproducts of technologically induced economic growth, an adequate quan-
titative gauge of the net contribution of technological innovations to eco-
nomic growth is still to be established. Current measures of total factor pro-
ductivity, though possibly reflecting largely technological changes, are either
limited to conventional input and output, or involve a variety of ad hoc, and
not fully tested, assumptions as bases for inclusion of nonconventional inputs
or byproducts.

(7) Such a net measure may not be of much value, since a variety of
elements, in both inputs and outputs, is needed to give meaning to the com-
parison. Yet the search for such a net measure helps to focus the analysis.
Provisionally, one may justifiably argue that the social valuation of techno-
logically facilitated, modern, economic growth is high and positive, with the
critical reaction reflecting responses to temporary lags in adjustment.

(8) Technologically Induced economic growth, having been attained, stim-
ulates further technological innovation. A particularly important stimulus is
the learning that takes place through mass application of recent new tech-
nology and yields new data, new tools, new insights and puzzles to natural
science, and helps widen the base provided by the latter to further techno-
logical breakthroughs and innovations.

(9) Economic growth hastens the maturity of the older fields by slowing
down growth of final demand for their products. It may also limit the condi-
tions for responsive innovative entrepreneurship in the established and
modernized fields because of the large scale of the firm, and possible domi-
nance of a few in an oligopolistic or monopolistic situation. Furthermore,
the rise in the share of the public sector is a factor, since in its nonmilitary
areas it may not be easily responsive to technological innovation. The slowing
down of the older sectors, once modernized through technological innovation,
helps to shift the focus of innovation to other sectors; such shifts help to
maintain a high or increasing pace of technological innovation and of eco-
nomic growth.
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The economic consequences of technological innovation has been a neglectedarea. Economists have approached problems of economic growth with a short-term orientation in which "technology, institutions, and consumer tastes wereall supposed to be given." A lack of data regarding the effects and origins oftechnological innovation is a consequence of the orientation. Effective policyaction requires measurement and analysis of the quantitative aspects of tech-nological Impact. Work relating new quantitative data with established measureswould be particularly useful. For example, distinguishing aspects of total output,labor force, and capital associated with recent and older technology would helprelate technological innovation and economic growth.

14. Langrish, J., and others. Wealth from knowledge. A study of Innovation in industry.New York, John Wiley [197216 490 pp.
These researchers from the University of Manchester studied the 84 Innovations win-ning Queen's Awards in the U.K. in 1966-67. They found that the most important factorensuring the success of an innovation was an outstanding technical manager, that weakmarkets were most important in delaying innovation, that demand pull was more impor-tant than discovery push, and that many of the crucial ideas necessary for innovationcame from outside the firm (copyright permission not granted to reproduce originalmaterials).

15. Myers, Sumner, and Donald G. Marquis. Successful Industrial Innovations; a Studyof Factors Underlying Innovation in Selected Firms. Prepared for the NationalScience Foundation under contracts NSF-C321 and C556. Washington, U.S. Govt.Print. Off., 1969. 117 pp. (NSF 69-17)

CHAPTER 7. PRINCIPAL FINDINGS AND IMPLICATIONS FOR MANAGEMENT
The process of innovation is "managed" at many levels. Individuals and groupsat the working level in research and development, and marketing and manu-facturing, are the major sources of new ideas and of solutions to problems.Technical competence, experience, and effective communication are critical fortheir success. Higher levels of corporate management are concerned with stra-tegies for planning and evaluating the program of innovations, for allocatingresources to laboratories and projects, and for policies and procedures to makethe working groups more effective.
The findings of the present study are relevant to only some of the questions ofmanagement. The innovations examined were predominantly minor rather thanmajor innovations-the technical changes that enable a firm to maintain itselfin a competitive environment and to grow in some direction. In the followingpages the principal general findings will be summarized and their implicationsfor the management of innovation will be explored.
1. Technical change is, to a significant extent, based on the cumulative effectof small, incremental innovations.-Radical path-breaking innovations are rela-tively rare and quite unpredictable, whether they are based on science or oningenious invention. In the present study two-thirds of the innovations cost lessthan $100,000 for their development to the point of use. One-fourth required littleor no adaptation of information readily obtained from some source, and one-thirdwere modifications of existing products or processes rather than new items.Almost one-half of the innovations required little or no change in the firms'production process.
Small incremental innovations thus contribute significantly to commercial suc-cess. From the standpoint of management this would call for sustained support ofinnovation activities to maintain the competence, experience and personal con-tacts of the professional technical staff.
2. Recognition of demand is a more frequent factor in innovation than recogni-tion of technical potential.-The idea or concept for an innovation is necessarily afusion of recognition of both demand and technical potential. In the present studythe innovators indicated that the primary factor in undertaking work on theinnovation was a recognized market potential or a recognized need in the produc-tion process in three-fourths of the cases. In 21 percent of the cases the primaryfactor was recognition of a technical potential which might be exploited.
The data of the present study concern relatively moderate innovations, butadoption may be even more important in major path-breaking innovations. Muchhas been written about the not-invented-here resistance to change. Since no firm
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can perform more than a very small proportion of the worldwide inventive activ-
ity in any area of technology, it follows that serious attention should be directed
to technology outside the firm, and a deliberate trade-off choice should be made
between being first or second.'

4. Ideas for innovations may be evoked by new information inputs.-Ia more
than one-fourth of the innovations studied, an information input initiated active
work on the problem. This finding underlines the importance of a receptive climate
for new ideas which are not currently being worked on.

While this study did not seek systematic data on organizational response to new
ideas, the sources and channels of information which generated ideas for success-
ful innovations were obtained. Compared with the total set of innovations, the
information inputs for idea generation were much more likely to be initiated by
others, and in 30 percent of the cases were obtained through personal contacts
external to the firm. Printed materials of all kinds were the source of only 7 per-
cent of the cases. The procedures used by a firm to encourage idea generation can
take account of these findings on information sources.

5. The major infornmation inputs which contributed to the so7ut ion of a problem
already being worked on, by the firm were predominantly general in nature and
widely difftused and readily accessiblc.-They were obtained in two-thirds of the
cases from knowledge based on education and experience.

Analysis of the sources of information contributing to successful problem solv-
ing showed, in agreement with other studies, that printed materials were a major
source of information in only 7 percent of the innovations, although they may
have critically important in those instances.2 Printed materials are much more
frequently used in scientific activity than in the moderate engineering inventions
and developments of this study.'

6. Personal coperience and personal contacts arc the principal sources of infor-
nmation for successful innovations.-Corollary to the preceding discussion of R&D
activity is the finding that the principal information inputs for commercial inno-
vations were personal experience and personal contacts (75 percent of the cases).
The picture is essentially the same whatever the role of the information input
However, internal sources of information were more frequently the source of
original innovations and external sources more frequently of adopted innovations.
Also, internal channels were relatively less frequent sources of information which
evoked the basic idea as compared with information which helped solve the
problem.

It may be concluded that competent people are the major resource for innova-
tion. A primary responsibility of management is then the selection, development,
retention and effective utilization of technical personnel, including the facilita-
tion of personal contacts both inside and outside the organization.

7. Perhaps the most general overall implication of the findings is that the
management of technical innovation is much more than the maintenance of an
R&D laboratory which is productive in technical output. In this study only a
small fraction (21 percent) of the successful innovations were based primarily
on the recognition of technological potential. and for even fewer did the major
information input evoking the idea or solving the problem involve experimenta-
tion or analysis in the firm's laboratory. The management of innovation is a
corporate-wide task, and is too important to be left to any one specialized func-
tional department. The R&D staff enn make its full contribution to the total
process of innovation not only by effective problem solving, but by buildng its
competence. knowledge, and personal contacts to contribute to the generation of
new ideas and to the evaluation of proposed adopted innovations. In this way it
can participate fully in the overall corporate strategy for technical inuovationi.

1 The complex role of patents. licensing and Industrial security has not been explored
In the present study. The recent organization of the Licensing Executives Association
affords opportunity for discussion of professional questions in this arpa.

2 There are no comparable figures for chemical and pharmaceutical firms, In which
indexed documents are probably much more valuable.

3D. G. Marquis and T. J. Allen. 'Communication Patterns In Applied Technology,"
American Psychologlst (1966) 21 :1052-1060.
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16. Myers, Sumner, and Eldon E. Sweezy. Federal Incentives for Innovation: Why Inno-
vations Falter and Fall, A Study of 200 Cases. Prepared for the National Science
Foundation under contract NSF-C860. Denver, Denver Research Institute, 1976.
77 pp. (Report R 75-04)

FINDINGS: OBSTACLES TO INNOVATION

Most of the obstacles to innovations reported fit comfortably into one of
five broad categories-the market, management, laws and regulations, capital,
and technology. In other words, the primary factor blocking an innovation could
be found in one of these areas. (Only nine reported obstacles had to be assigned
to a "miscellaneous" category.) Within the general categories, however, certain
definite subcategories were discernible. Many of the management problems were
clearly matters of organization and staffing, and patent and antitrust laws were
recognizable sub-groups in the broad area of laws and regulations.

With this classification, the market and management could clearly be identi-
fied as the principal areas in which blockages to innovation occur. The two
factors accounted for over half the blocked innovations reported in the inter-
views. Of this number, a little over half were attributable to the market and
just under half could be assigned to management. Perhaps surprisingly, con-
sidering the attention which has been paid to R&D as a factor in innovation, the
area of technology offered the fewest obstacles identified in the study. Table IV
gives the complete breakdown by factor.

PERCENTAGE OF INNOVATIONS BLOCKED BY PRIMARY FACTOR

Innovations Percent of
Primary factor blocking innovation blocked total

Market -55 27.5
Management (including organization) -47 23. 5
Laws and regulations (including patent and antitrust) 35 17.5Capital -31 15. 5
Technology --------- 23 11.5
Miscellaneous 9 4.5

Total -200 100. )

It is apparent that a large share of the obstacles to industrial innovation are
less susceptible to direct government action-just about two-thirds of them, to be
exact. Of course, the categories are very broad, so that government action might
be able to affect specific aspects of a field generally beyond its reach.

The point should be kept in mind because, within the major obstacle categories
(including organization, patents and antitrust as major), specific obstacles often
stand out as particularly important.

The chief market problem for the producer's goods industrial segment was
limited sales potential for proposed innovations, including public interest inno-
vations; this accounted for over one-quarter of the market obstacles cited. Only
five of the 55 innovations blocked by the market fell victim to the company's
inability to aggregate a fragmented market for them. This figure seems remark-
ably low. However, it probably understates the negative influence of fragmented
markets; innovations are not funded at all and never enter the pipeline if it
is obvious at the outset that a market cannot be aggregated for them. Similarly,
the effects of competition also may be understated; only four innovations were
blocked because there were too many competitors in the market. Here, too, the
obvious problem of entering an already crowded field would block innovation at
the outset. The effects of competition manifested themselves with respect to tech-
nology: in fully one-quarter of the innovations blocked for technological reasons,
the problem was that some other firm had come up with a competitively superior
technical approach.

The analysis of management problems was discussed at the beginning of this
section. As noted there, organization and staffing and market analysis failures
were the most significant components in this category.

56-367 0 - 81 - 5
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The capital problem was manifested more or less evenly among a number of
specific obstacles, including the high cost of pilot production and changeover,
insufficient resources, and opportunity costs. Only one innovation was blocked
because of insufficient capital to develop a high-risk market. Again, this low
number may reflect the existence of a preemptive, pre-pipeline blockage.

As for the regulatory area, the most striking finding was that the uncertainty
of federal requirements, rather than their stringency, was perceived as the most
important blocking factor. Only one innovation bowed to the length and cost of
federal tests. Interstate variability of regulations is of marked importance. Many
respondents complained about both patent and antitrust laws. But, in fact, both
areas presented relatively few obstacles. Regulations blocked 2.5 percent of the
innovations, and patents 3 percent. Here again, the figures probably understate
the severity of the problems. Innovations that are obviously in violation of anti-
trust regulations don't get funded. Similarly, innovations with obvious patent
problems are rejected at the outset. Finally, union opposition, listed in the mis-
cellaneous category, was found to be a negligible factor, being mentioned twice
in 200 innovations. In both cases, the anticipated union opposition was in the
customer's company, not the innovating firms.

As noted earlier, in about one-fourth of the cases, the respondents cited a
secondary reason for an innovation blockage in addition to the primary reason.
In general, no particular pattern emerges in the linkage of primary and secondary
factors. The market and capital were the two most frequently cited secondary
reasons for innovative failure, but the numbers involved are too small for any
real conclusions to be drawn. The remaining findings in the study are accordingly
based on an analysis of primary factors alone.

17. National Academy of Sciences. Applied Science and Technolovical Procress: A Report
to the Committee on Science and Astronautics of the U.S. House of Representatives.
Washington. U.S. Govt. Print. Off., 1967. 443 pp.

CoNcLuSIoNS AND RECOMMENDATIONS

Group I. With Respect to the Nature and Strategy of Applied Research

1. THE INTERACTION BETWEEN SCIENCE AND TEcHNOLOGY IS COMPLEX

In examining examples of the successful translation of science into technology,
one is struck by the diversity of successful patterns and organizational struc-
tures. There are no simple formulas for success, and for this reason success is
most likely when laboratory management has wide latitude in adapting and re-
structuring the organization to suit the particular problem areas or technologies
with which it is currently dealing. Despite this need for administrative flexibility,
it is possible to identify certain characteristics of the research environment that
facilitate transfer of new scientific results to useful applications and fruitful
feedback from applications to science. They include the following:

(a) The key individuals in the research organization are fully aware
of and sympathetic to the principal goals of the organization, but at the
same time the research mission is defined in broad-enough terms so that
it retains its validity as circumstances and the state of technology change.

(b) The organization is willing to consider and implement new ideas
or initiatives on their own merits regardless of the organizational level
or functional subdivision in which they originate, or even if they come
from a source outside the organization.

(c) People within the organization are receptive to moving between the
more fundamental and the more applied activities, and also to changing
specialties or scientific disciplines. The artificial barriers that sometimes
exist between disciplines and between fundamental and applied work are
minimized.

(d) The organization has a quick response in recognizing and funding
new ideas, at least up to the point where the feasibility and desirability
of a larger commitment can be assessed.

(e) At each organizational level the individual responsible has some
freedom in redeploying the resources at his disposal without extensive
review by higher authority. This is, of course, more true in research than
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in development, where the necessity of fitting into a system plan is im-
portant.

(f) There is full communication through all stages of the research and
development process from original research to ultimate application. A

good deal of overlapping activity between each of the stages is present.
(g) The system of reward and recognition emphasizes technical contribu-

tions to the goals of the organization, if necessary in preference to proper
organizational behavior.

2. A BROAD SPECTRUM OF SCIENTIFIC DISCIPLINES AND TECHNICAL SKILLS IS REQUIRED

To an increasing degree the advance of technology requires contributions from
a variety of scientific and technical fields. This fact imposes the necessity not only
for effective communication within the research organization itself but also inter-
action with contemporary work in science and technology outside. The purpose of
an effective research organization is to ensure the maximum possible opportunity
for matching "problems" to "solutions"-the latter possibly coming from appar-
ently little-related fields. The pattern of technical communications will not al-
ways, or even usually, reflect the organization chart.

3. THE TRANSFER OF TECHNOLOGY FROM THE LABORATORY TO A PRODUCING OR OPERAT-

ING ORGANIZATION WHICH BUILDS, SELLS, OR USES IT, IS A VITAL AND OFTEN UN-

DERESTIMATED STEP IN TECHOLOGICAL INNOVATION

In industry the using component may be a manufacturing organization, but
often involves the final customer as well. In Government the using component may
be an operating organization such as a military service, or a service agency such
as the Weather Bureau. Often the user, as in agriculture or public health or physi-
cal standards, is in both the private and the public sector. The transition from
developed technology to usable product, service, or public action is a well-known
problem area, in which promising developments often falter or even founder. Ef-
fective transfer of each technical advance tends to be a unique problem, requir-
ing a special approach tailored to the specific characteristics of both the research
component and the using components or customers. The transfer process requires
explicit attention very early in the development process as soon as some probabil-
ity of technical success becomes apparent. It is well established that the best
way to transfer some new types of technology is through the movement of knowl-
edgeable people, either temporarily or permanently. It may be necessary, for
example, for the originator of an idea to himself follow his brainchild into de-
velopment, testing, or final production or utilization. Or, alternatively, operat-
ing people may have to be brought into the laboratory temporarily to learn the
new technology early and to influence its development from the user standpoint.

4. GOALS IN APPLIED RESEARCH ARE REACHED ONLY BY REDUCING THEM TO A SERIES OF

RESEARCHABLE, RELEVANT COMPONENTS, BUT THIS IS A DYNAMIC PROCESS, SUBJECT

TO CONTINUAL REVIEW AS NEW RESULTS EMERGE

In establishing a viable program of applied research it is not sufficient to iden-
tify broad problems such as pollution or urban design. Rather it is essential
within such broadly stated problem areas to identify the specific questions to
which it appears feasible to obtain meaningful answers. The determination of
technical approaches must be done by technical people, and the input of tech-
nical information to the decision process should come as directly as possible from
the people who are actually doing the work, regardless of their position in the
organization. Technical information filtered through multiple levels of reporting
to the top tends to lose its integrity, ofen resulting in poor decisions.

On the other hand, the setting of research goals and priorities especially in the
public sector is a task that requires a many-sided interaction between scientists,
technologists, public officials, and informed public opinion. Such goals can neither
be imposed by society unilaterally on the scientists nor determined by technical
considerations alone. In the mobilization of technical effort around significant
problems of society, it must be borne in mind that the highest-quality technical
people cannot be drawn into projects solely on the basis of the alleged social im-
portance of the problems. They must also be able to see an opportunity for making
concrete, identifiable contributions that relate to their particular talents and
background.
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Group II. With Respect to the Environment and Institutions of Applied Research

1. SUCCESSFUL AND RELEVANT APPLIED RESEARCH IS MOST OFTEN CARRIED OUT BY
COHERENT INSTITUTIONS

The setting of sensible and realistic goals for applied research projects is usu-
ally done most successfully in close interaction with systems engineering or anal-
ysis. Systems studies that take into account all phases of a problem, and research
aimed at exploring feasibility, must interact and reinforce each other. In many
successful technical devlopments, there is a continuing three-way interaction
between the changing concept of a system, the development of its components, and
the evolving understanding of the environment in which it is to operate. This is
true not only for engineering systems, but also for "systems" such as medical
care, education, or transportation, in which physical components interact with
social environments. The implication of the above considerations is that the
guidance of applied research, unlike that of basic research, requires an institu-
tional environment that is capable of dealing with all facets of a problem in a
coherent fashion, developing a "coherent doctrine" into which the various sub-
sidiary research goals can be fitted in a logical fashion. An applied research pro-
gram administered by a headquarters staff distributing small sub-tasks among
many participants is seldom as effective as a laboratory that assumes full respon-
sibility for a major problem area.

2. COMMUNICATIONS BARRIERS IMPOSED BY SECURITY OR OTHER REQUIREMENTS REDUCE
THE PRODUCTIVITY OF APPLIED RESEARCH

Applied research, like basic research, thrives in an atmosphere of free exchange
of ideas and maximum exposure to scientific criticism. While security restrictions
or compartmentalization for proprietary reasons are sometimes necessary, it is
important to recognize that they exact a substantial price in loss of effectiveness
in the research effort. Too often security or "need-to-know" restrictions serve only
to protect inadequate or ineffective work from critical scrutiny by a larger tech-
nical community. Such restrictions should be imposed only for the most urgent
reasons, and should be constantly reviewed to determine whether the gains are
worth the cost.

S. APPLIED RESEARCH ORGANIZATIONS SHOULD INTERACT WITH UNIVERSITIES
WHEREVER POSSIBLE

In planning for the creation or development of mission-oriented research in-
stitutions, consideration should be given to facilitating interaction with uni-
versities. For Government-owned laboratories, interaction with industry in
similar lines of work is also important. The mission-oriented laboratory benefits
from new ideas and viewpoints brought in by outside scientists, while the uni-
versity community is stimulated by contact with problems of application, which
often trigger new lines of fundamental research. Applied research and develop-
ment people should have opportnuities to teach and to come into contact with
graduate students, recognizing that any temporary loss of productivity will be
more than compensated by the long-term benefits of the exposure of able stu-
dents to the intellectual challenge of applied research.

Group III. With Respect to the Individuals Who Conduct Applied Research

1. APPLIED RESEARCH REQUIRES PERSONAL MOBILITY

Since the transfer of technology and the applications of new science fre-
quently occur through the movement of people among different kinds of sci-
entific activities and institutions, policies for the support of research should
always be considered in light of the need to foster such mobility and to reduce
organizational and intellectual barriers between basic and applied research, be-
tween Government, universities, and industry, and between different fields of
science. Many foreign observers cite the mobility of scientists among institutions
and disciplines in the United States as a major factor in our superior perform-
ance in the application of science. It is important that in our desire to protect
the integrity and objectivity of basic science we do not discourage this important
type of mobility.
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2. THE UNIVERSITY PLAYS A CRUCIAL ROLE IN THE EDUCATION OF PEOPLE
FOB APPLIED RESEARCH

The highest-quality applied work is often done in an environment in which
a substantial pool of people with original training in basic sciences can be
drawn upon for applied research and development activities, especially as
these people broaden and mature in experience. Thus it is desirable and nat-
ural that the educational system should produce an excess of people trained
at the research frontiers of science and engineering over those required to feed
back into the educational system itself. Not every student trained in basic
research should expect to have a long-term career in fundamental science. Too
frequently, however, the general climate in universities and professional societies
tends to denigrate the intellectual challenge and satisfaction of applied research;
in discovering these things for himself, a scientist or even a research-trained
engineer must often overcome adverse attitudes fostered by his graduate studies
and professional associations. A greater effort should be made to create an
atmosphere in graduate education that would anticipate and encourage the
subsequent entry of many students into applied work. Although this problem
is less acute in the professional schools-especially in medicine-it is not un-
known even in this area.

3. THE TECHNICAL ENTREPRENEUR IS FREQUENTLY THE CATALYST OF PROGRESS

The technical entrepreneur, or missionary-the man who carries the torch
for a new idea-is often the catalyst of technical progress. Even though he may
sometimes be more distinguished for enthusiasm and ingenuity than for pro-
found technical understanding, his courage and tenacity are frequently vital
elements of successful innovation. We need to identify such individuals early
in their careers, to encourage appropriate educational preparation, and to en-
sure an occupational environment that will enhance their contributions.

It must be recognized, however, that many successful innovations have been
accomplished without such zealots. Some very able and original technical people
who have contributed important innovations, are not especially vocal or per-
suasive. Infectious enthusiasm may impart courage when-as is frequently the
case-courage is needed; but enthusiasm will not, of course, repeal a law of
nature, if that is the roadblock that stands in the way of a successful innovation.
The technical idea that has glamor or popular appeal or is easily explained and
dramatized is not always the best idea, or the one most likely to lead to success-
ful application in the long run.

Group IV. With Respect to the Role of the Federal Government in Applied
Research

1. APPLIED RESEARCH ESTABLISHMENTS OF THE FEDERAL GOVERNMENT SHOULD
BE EXAMINED FOR REDEPLOYMENT IN THE LIGHT OF CHANGING NATIONAL NEEDS

The large interdisciplinary applied research establishments of agencies of the
Federal Government comprise an important national resource. Although manyof these laboratories were founded upon a specialized scientific or technical field
with major mission orientation, by virtue of their scientific breadth they nowhave impressive and versatile capabilities. In addition to their fields of origin,
they undoubtedly could perform with great effectiveness in a variety of con-temporary scientific fields, some within the purviews of Government agencies
other than their original parent organizations. The programs and organizational
locations of Federal laboratories should therefore he examined at appropriate
intervals to determine whether the maturity of their original missions would

justify some reassignment of effort to emerging problems of challenging na-tional interest. New national missions or regrouping of old missions oftenbecome possible as a result within science and technology themselves. Thusredefinition of agency purposes is essential for exploiting such developments In
in a timely effective way and realizing the maximum benefits from prior invest-
ments in science.

2. PATENTS PLAY A VITAL ROLE IN UTILIZING THE RESULTS OF APPLIED RESEARCH

In modern Industry, in which useful economic innovation is sought as a
source of growth, patent protection is almost always essential to successful
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useful application. The originator of a new process, product, or service generally
cannot risk the very considerable investment in production equipment or in
exploring and developing a market if his competitor is free to copy his invention
and use it without paying for the development. A very large fraction of the
industrial applied research now in progress in this country would not be justified
in the absence of potential patent protection, or would have to be accomplished
under tight industrial secrecy. The widespread practice of promptly publishing
scientific and technical results originating in industry could not exist without
patent protection. Patents are thus the antidote for both the pirating of ideas
and the maintenance of secrecy.

S. STUDIES OF THE HISTORY AND SOCIOLOGY OF APPLIED SCIENCE ARE IMPORTANT

Studies of the history and sociology of science and technology should be en-
couraged, in order to further understanding of the principles behind the great
variety of successful patterns of applied research and its transfer. To be effective,
such studies probably require the participation of both natural scientists or tech-
nologists and social scientists or historians. Both academic studies and retro-
spective self-studies within research organizations are desirable, but the com-
plexity of the subject must be recognized and premature generalizations and
policy application avoided.

4. WHEN POSSIBLE, FORECAST TECHNOLOGICAL PROGRESS

The effort at technological forecasting-that is, projecting future technological
possibilities and probabilities in relation to current knowledge and research and
in relation to potential interactions with society, with the economy, and with the
natural environment-can provide important guides to the identification of new
goals for applied research, and in educating and alerting scientists and tech-
nologists to new possibilities. Technological forecasting is, however, a relatively
new field and its methods are subject to further improvement. It can do more
harm than good for research planning if its results are treated as more than
rough first approximations. Part of the purpose of research is to keep many fu-
ture options open to society, and the purpose of technological forecasting is pri-
marily to identify and expand these options rather than to foreclose them.

5. CONCERN WITH THE ENVIRONMENT MUST BE A GROWING FEDERAL RESPONSIBILITY

Understanding, prediction, and control of the consequences of technology, In-
dustrialization, and urbanization on man's physical and biological environment
are urgent. A broader and more intensive national effort is needed on the integ-
rity and sufficiency of the environment. This effort must also encompass the
logical constraints that are placed on the quantity and possible quality of life,
and hence on wise social development, by the availability and quality of natural
resources.

18. National Academy of Sciences. Technology, Trade, and the U.S. Economy. Washing-
ton, 1978. 180 pp.

ABSTRACT OF ISSUES AND RECOMMENDATIONS

The choice of the designation abstract rather than summary is deliberate. The
report itself is in essence a summary-not a study in the usual sense, but an
analytical and interpretative summary of 10 days of workshop discussion. The
workshop brought together 39 individuals of diverse backgrounds to discuss a
broad and complex tangle of issues relating to technology, international trade,
and international investment and their implications for the U.S. economy. The
discussants came from private industry, organized labor, departments and agen-
cies of the federal government, universities, private research organizations. and.
in one instance, an international organization. Their training and experience in-
eluded the natural sciences, engineering, management, economics, government.
law. and the crafts.

The issues and recommendations that follow are grouped to correspond to the
main sectors of our inquiry. The OECD sector of the discussion exposed not only
issues of particular application within the OEOD group itelf but also issues of
general significance and application to U.S. trade with all countries.
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ISSUES AND RECOMMENDATIONS OF GENERAL APPLICATION

The search for causes and the attempt to appraise the consequences were re-
lated to the primary mission of the workshop: to assess the importance of tech-
nological factors on trade and to discover and explore possible remedial policies
and actions, if they were called for. While the many differences in approach and
analysis among the participants led, inevitably, to differences in proposals for
action, the participants did agree on certain suggested measures. The two most
important are as follows:

The U.S. government should not enact legislation to restrain the export of
commercial technology by private firms from the United States (apart from pos-
sible special measures designed to meet special problems as they arise, for ex-
ample, in trade with the Soviet Union).

A general inquiry should be organized into all possible ways and means to
foster technological innovation in the United States. This inquiry should range
broadly over tax policy and incentives, regulatory policy, antitrust practices,
and other federal laws and policies affecting innovation.

Two additional conclusions were specific in nature:
The U.S. government should adjust its priorities in the allocation of financial

support to research and education, by giving enhanced attention to research and
education affecting productivity and innovation in commercial technology and
by seeking effective ways to provide financial support to research in process en-
gineering and production systems and to imaginative engineering training re-
lated to the processes of production. This adjustment should and could be made
while federal support for basic research is fully maintained or, indeed, increased.

An inquiry should be undertaken into the comparative age and quality of the
stocks of capital goods, arranged by industrial sectors, within the United States
and other countries. Such a study should emphasize comparison of U.S. indus-
tries with those in other countries in the OECD.

ISSUES AND RECOMMENDATIONS CONCERNING TECHNOLOGY TRANSFER, TRADE. AND
INVESTMENT AMONG THE OECD COUNTRIES

The issues and recommendations in the preceding section are relevant to rela-
tions among the United States and the other OECD nations, as well as to rela-
tions of the United States with countries outside the OECD community. Another
set of issues and recommendations has a special bearing upon technology trans-
fers, trade, and investment within the OECD. What have been the domestic eco-
nomic costs and international competitive implications of certain U.S. regulatory
legislation designed to serve such valid and varied purposes as environmental
protection, occupational and personal health and safety, public participation in
decisions of public concern, and protection against undue financial or corporate
concentration? In the enactment of such legislation and in its administration,
have the economic costs and international competitive implications been ade-
quately factored into the total cost-benefit analysis? The workshop discussants
expressed concern over the international competitive consequences of differences
in the nature, scope, and vigor of regulatory policies among the several nations
in the OECD and asked whether the consequences of such policies give a new
thrust for harmonizing economic policies among the OECD nations. Was it neces-
sary and would it be feasible to consider such a new harmony not only of
macroeconomic but also of microeconomic policies?

ISSUES AND RECOMMENDATIONS CONCERNING TIHE EFFECT OF TECHNOLOGY TRANSFER
UPON U.S. LABOR

In the view of the workshop participants from organized labor, the transfer of
U.S. technology abroad and more especially-the transfer of entire plants andproduction systems has had mounting adverse effects upon employment within
the United States. In their view, the provisions for adjustment assistance under
existing U.S. trade legislation are woefully inadequate to remedy the unem-ployment and dislocations that have been attributed to technology transfers to
other countries. They raised the issue of direct governmental control over the
transfer abroad of U.S. technology by U.S. enterprises. In advocating direct
controls, they insist that U.S. labor is Pot tllrnina protectionist or abandoning itssupport of legislation to foster international trade. They described several of the
possible causes of technology transfer: the barriers to free trade interposed by



foreign governments and foreign governmental subsidies to their own enter-
prises, the flight by some U.S. firms from social and environmental regulatory
measures at home to countries where comparable legislation is less or lacking:
and the U.S. government's encouragement of the export of technology by Ameri-
can firms for foreign policy reasons wholly unrelated to economic considerations.
They also pointed to tax legislation that allegedly facilitates the export of tech-
niology. In their view, the "market" has very little to do with the phenomenon.
As a consequence, they consider that remedial governmental measures to restrain
the export of technology, along with capital and jobs, would be fair, reasonable,
and beneficial to the nation.

The members of the workshop generally acknowledged the problem and sympa-
thized with the plight of labor; however, they rejected proposals for additional
U.S. governmental restraints upon direct foreign investment and technology
transfer by U.S. enterprises. The majority of the participants favored other
measures:

The existing readjustment assistance legislation should be amended to expand
the scope of eligibility for assistance by including workers who are laid off be-
cause the employer has transferred operations to another country or whose
jobs are indirectly jeopardized by imports; to extend the time limits during
which benefits would be made available; to simplify procedures; and to expand
and strengthen job retraining programs.

Whenever the federal government may be disposed to sponor the transfer of
advanced U.S. technology for foreign policy reasons (for example, in bilateral
agreements with other nations), full account should be taken of domestic eco-
nomic considerations and consequences, including the possible effects upon do-
mnestic employment, before a decision to transfer the technology is reached.

The United States should adopt and seek to give effect to a principle of "tax
neutrality" in regard to direct investment and technology transfer abroad by
U.S. firms (i.e., taxation considerations should create neither an incentive nor a
disincentive for the U.S. investor to invest abroad). Aware of the complexities
and difficulties of carrying out such a policy, the participants believe neverthe-
less that a sustained effort should be made.

ISSUES AND RECOMMENDATIONS RELATING TO TRADE, INVESTMENT, AND TECHNOLOGY
TRANSFER BETWEEN THE UNITED STATES (AND OTHER OECD COUNTRIES) AND THE
SOVIET UNION (AND OTHER EAST EUROPEAN COUNTRIES)

Two sets of questions dominated the workshop discussion of technology trans-
fer in trade with the Soviet Union. How can and should U.S. institutions and
patterns of trade, investment, and technology transfer be adapted to problems
arising from national security considerations? What are the actual and potential
costs and benefits for the United States of trade with the Soviet Union?

The discussion ranged through a number of subsidiary questions. with empha-
sis upon problems relating to governmental controls. What degree of control
should be exercised by the federal government on the transfer of technology?
What materials, goods, and skills need to be controlled? How appropriate and
effective are the mechanisms for such control? What are the likely international
implications of attempts to control trade in goods and services available from
many nations besides the U.S.?

A consensus was reached by the participants on the importance of coordination
among the OECD nations that are major sources of technology for the Soviet
Union. Such coordination should cover principles and operational guidelines as
well as procedures for assuring compliance with agreed principles and guide-
lines. There was consensus that there was little point in controlling sales that
transferred technology if the same technology is available from non-U.S. sources
that place no restrictions on such sales. The force of this recommendation was
reduced somewhat by doubts among the participants on the efficiency of existing
and prospective bureaucratic controls and concern for the costs of controls.
even if and when they could be made efficient. The same doubts were raised
about domestic controls.

There was also agreement that the control of sales of "militarily sensitive
technology" should be keyed to "lead time" criteria. There should be a pre-
sumption against authorizing sales to the Soviet Union of militarily sensitive
technolosies in which the United States holds a significant lead time advantage.
Conversely, there would be little point in restricting sales to the Soviet Union
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of technologies in which the United States has only a negligible lead time
advantage.

The participants stress the need for more insight into problems of accommo-
dation between the respective institutions of the United States and the Soviet
Union that determine patterns for trade, investment, and technology transfer.
In the members' view, tfiere has been a tendency among OECD governments,
business enterprises, and scholars to pass too lightly over the institutional
differences and their possible consequences. As trade increases between the
United States (and OECD nations generally) and the Soviet Union, the United
States (and other OECD countries) might be confronted with a choice between
serious impairment of their own comparatively open trading and payment sys-
tems and a blunting and reversal of the expansion of trade with the Soviet
Union. These participants had no solutions to offer to the problem they defined,
but they urge that more attention be given to the problem.

ISSUES AND RECOMMENDATIONS CONCERNING TECHNOLOGY IN DEVELOPING COUNTRIES

The discussion of technology transfer to developing countries centered upon
the demands of the Group of 77' for modes of technology transfer appropriate
to the New International Economic Order. In a sense, this added a new thrust
to the workshop inquiry, as the scope of the workshop was enlarged from an
assessment of harms and benefits to the United States to an assessment of bene-
fits and harms to the developing countries as perceived and articulated by their
spokesmen, notably the Group of 77. In another sense, however, the workshop
maintained its original direction and emphasis but interpreted "effects upon
the United States" in terms of the nation's foreign policy as well as its foreign
trade position and domestic economy.

Examination of this issue began with a review of arguments voiced by the
group of 77 against present technology transfers-that the cost of technology
transferred to the developing countries through direct foreign investment by
multinational corporations is unwarrantedly high; that the technology trans-
ferred is not suited to the special capacities and needs of the recipients; and
that multinational corporations engage in unfair practices that discourage the
rise and development of local enterprises. Many of the workshop participants
believe the assertions to be unfounded or exaggerated and significant primarily
as reflections of the Group of 77's aspirations and frustrations. The discussion
turned to possible ways and means by which the United States might accom-
modate its policies in some measure toward relief of the frustrations and sup-
port for the aspirations.

In the end, the workshop recommended that
A program be established by the National Science Foundation or other ap-

propriate government agencies to carry out a continuing analysis of ways and
means by which the United States could respond to the desire of the developing
countries for technology appropriate to their needs and capacities.

The United States consider plans to assist financially the establishment within
developing countries of regional institutions of applied research and develop-
ment (R&D), as well as the creation of international institutions designed to
contribute to understanding of the industrialization and economic development
procesa in developing countries. Several participants warned that the usefulness
of regional institutions would depend on how effectively the work could be as-
similated into the outlook and practice of local enterprises that were expected
to use the R&D results in production.

The United States explore possible new programs (or seek to improve existing
programs) that would (1) assemble and maintain inventories of technologies
the federal government owns or has legal capacity to transfer and (2) facilitate
the selective transfer of such technologies to developing countries.

The United States cooperate with other OCED nations in coordinated pro-
grams for the selective transfer to developing countries of technologies that
OECD governments own or have legal capacity to transfer.

I Historically. the Group of 77 Is that informal association of developing nations which
came into existence at the 1964 United Nations Conference on Trade and Development
(UNCTAD) and pressed the industrialized nations for a new international economic order.
The Group of 77 now comprises 111 member countries of the United Nations.
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19. National Academy of Sciences. National Research Council. Materials Advisory Board.
Report of the Ad Hoc Committee on Principles of Research-Engineering Interaction.Washington, 1966. Various pagings. (Publication MAB-222-M) [Available from the
National Technical Information Service, No. AD 636 529]

ABsTRACT

The evolution of 10 separate material developments were investigated and
case histories are presented.A technique of analysis was developed and applied to the case histories to
identify common elements and patterns which might be used as guides by the
Department of Defense to stimulate research-engineering interactions in the
solution of materials problems. The analysis identified several elements which
were prominent in many of the cases. Among these are:

(1) Flexibility for the individual investigators to make major changes in
direction and goals was frequently required.

(2) Close and frequent communications between organizationally inde-
pendent groups were often essential.

(3) Key individuals played essential roles in bridging the geographical,
organizational, and functional barriers between groups.

(4) The recognition of an important need was most frequently the prin-
cipal factor in stimulating research-engineering interactions.

(5) Often technical approaches were available and lay dormant for some
time before their pertinence to a specific need was recognized.

Findings

GENERAL FINDINGS

The factors that are most commonly identified in the discussion of the cases
can be classified into three main groups.

1. Characteristics of the environment in which the events took place, suchas type of institution, its organization and communication patterns, manage-
ment involvement, nature of the support, organizational traditions, etc.

2. Characteristics of the individuals involved in the events, such as educational
level, basic or applied training and interests, etc.

3. Characteristics of the problem itself, such as technical difficulties, the visible
need for a solution, etc.

These findings are presented below and underlined for emphasis.

CHARACTERISTICS OF THE ENVIRONMENT

Two of the three most commonly identified factors in the cases concerned the
environment in which the events took place. One of these was related to the sup-port of the activity. The second was related to the role of communications during
the events.In eight of the ten cases the authors observed that the flexibility of support wascritical to the final success. In these cases the majority of the REI events re-
quired the ability to shift direction and explore unanticipated paths. This wasreadily done because the support was on a broad enough base to permit adequate
discretion on the part of the investigators. In the remaining two cases the flex-ibility of support was important in at least one of the critical events, although it
was not identified in the majority of the events. In these cases it was most fre-
quently identified as important in the REI events which occurred in the first
three stages.It is. however, necessary to qualify this findine in view of its relation to other
findings of the study that are discussed below. Indeed, each of our separate tind-
ings must be considered in the context of all of the findings. Thus it is noted be-low that the recognition of a need characterized m'-t of our cases. Therefore,
the flexibility to which we refer above generally operated in an environment that
was structured by the recognition of a need. This, of course, noderates the degree
of flexibility which was exercised.

In nine of the ten cases the majority of the identified events required close and
frequent communications between organizationally independent groups. In many
cases these groups were geographically separated and had different functional
responsibilities (e.g., basic research vs. development). In eight of the cases
geography was very infrequently cited as a significant factor. This latter finding



69

at first seems at variance with the identified importance of communications. On
the other hand, close examination of these latter cases showed that in every in-
stance there were one or two key individuals who, through their efforts, bridged
the geographical, organizational, and functional gaps; actively stimulated com-
munications; and sometimes performed the technical work which was a vital
part of the REI. These key individuals are the people whom we will refer to as
"couplers."

Other environmental factors such as the role of management, the type of
organization (government, commercial, university, nonprofit, etc.), organiza-
tional structure, research and development traditions, etc. are variously cited
as important in about half of the total REI events. Thus one might conclude that
in these cases these factors played important but not crucial roles. This observa-
tion is, of course, based upon an assumption that applies to the entire analysis;
namely, that each of the events had the same significance to the over-all achieve-
inent. Indeed, it may well be that these factors played a crucial role in the most
critical event in a given case. The present method of analysis would not identify
that situation. Indeed in retrospect, the Committee has recognized that our study
did not probe deeply into these other environmental factors. We recognize this
as a major weakness in our efforts and we will refer to this later.

CHARACTERISTICS OF THE INDIVIDUAL

Many of the cases include biographical sketches of, or comments about, the
principal individuals who were invloved in the critical events. In every case an
individual with postgraduate (often doctoral) education was invloved in at
least one of the events. In about half of the cases most of the events revolved
about individuals with formal postgraduate academic training.

In several cases an individual emerged whom we will define as a "champion."
This is an individual who becomes intensely interested and involved with the
over-all objectives and goals and who plays a dominant role in many of the REI
events through some of the stages, overcoming technical and organizational ob-
stacles and pulling the effort through to its final achievement by the sheer force
of his will and energy. We have selected the word "champion" to indicate an in-
dividual whose extensive energies were focused upon a single goal with single-
minded purpose. We do not intend any value judgment in the use of this term
and leave such judgments to the reader in each individual case.

CHARACTERISTICS OF THE PROBLEM

- One of the most enlightening aspects of the analyses was the manner in which
the character of the problem itself appeared to affect the frequency and intensity
of reseorch-engineering interactions. In all but one of the cases studied, the
recognition of an important need was identified in a majority of the events as an
Important factor in bringing about the research-engineering interaction. It was
very rare that basic research by itself produced a new and unexpected oppor-
tunity whieh then stimulated a search for engineering application. By far the
most dominant mode was the case where an urgent need stimulated a search for
solution through prior basic knowledge. This seems to substantiate the simile of
research as a well of knowedge from which engineering can drink to satisfy de-
fined needs rather than as a geyser which floods the engineer with solutions to
present problems and with clear opportunities for exploitation.

This observation aslo qualifies the type of communication exchange which was
discussed in the section on environment. In almost all of the cases under con-
sideration, it was an individual with a well-defined need who was the initiator
of the communications. It was most frequently he who began the dialogue with
the basic researchers and determined its continuation until the need was satisfied.
If this generalization is valid, then it is perhaps most important for the individual
on the applications side to be able to look across the interface to basic research
and know when to initiate the dialogue.

Finally, although in all cases technical problems were encountered and over-
come, in only four of the cases did a majority of events require the development
of a new solution to a major technical problem. In many instances, it appeared
that technical approaches were available but had not been pursued, and it was
the act of timely recognition, bringing available knowledge to bear on the prob-
lem, that resulted in the final solution. This leads to the suggestion that there is
much knowledge in the well of research which has yet to be tested, tried, and
applied in the solution of current critical problems.
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The factors cited above have been emphasized because their presence or ab-
sence was particularly striking to the Committee in reviewing the case histories.
It must be repeated that some of the cases emphasized additional factors and
that there are many factors which might have been of critical importance but
which the limitations of our study did not permit us to investigate. We stress
again that it is particularly dangerous to draw broad generalizations based upon
these very Imperfect analyses. We must repeat that a principal characteristic of
this study has been the large heterogeneity of the environments. personalities and
problems which fill our case histories. We believe that the greatest benefits are
to be derived by a study of the individual cases themselves and by the individual
analysis of this report by each reader.

20. National Commission on Technology. Automation, and Economic Progress. Technology
and the American Economy. Washington, U.S. Govt. Print. Off., 1966. 115 pp.

SUMMARY OF MAJOR CONCLUSIONS AND RECOMMENDATIONS

The issues discussed in this report are complex and diverse. A brief summary
of major conclusions cannot do justice to the report and is certainly not a sub-
stitute for the full text with its supporting evidence and argument. Once the text
has been read, however, a summary may serve a useful purpose in crystallizing
the major points and pointing up the recommendations which have been made.
The principal conclusions and recommendations follow:

1. There has been some increase in the pace of technological change. The most
useful measure of this Increase for policy purposes is the annual growth of out-
put per man-hour in the private economy. If 1947 is chosen as a dividing point,
the trend rate of increase from 1909 to that date was 2 percent per year: from
1947 to 1965 it was 3.2 percent per year. This is a substantial increase, but there
has not been and there is no evidence that there will be in the decade ahead an
acceleration In technological change more rapid than the growth of demand can
offset, given adequate public policies.

2. The excessive unemployment following the Korenn war. only now beginning
to abate, was the result of an economic growth rate too slow to offset the com-
bined impact of productivity increase (measured in output per man-hour) and
a growing labor force.

3. Since productivity is the primary source of our high standard of living and
opportunity must he provided to those of the population who choose to enter the
labor force, the growth of demand must assume the blame for and provide the
answer to unemployment. But it must be realized that the growth rate required
to match rising productivity and labor force growth rates Is unprecedented in
our history, though not in the history of other Industrial economies. There will
be a continuing need for aggressive fiscal and monetary policies to stimulate
growth.

4. To say that technological change does not bear major responsibility for the
general level of unemployment is not to deny the role of technological change in
the unemployment of particular persons in particular occupations, industries,
and locations. Economic and technological changes have caused and will continue
to cause displacement throughout the economy. Technological change, along with
other changes. determines who will be displaced. The rate at which output grows
in the total economy determines the total level of unemployment and how long
those who become unemployed remain unemployed, as well as how difficult it is
for new entrants to the labor force to find employment.

5. Unemployment tends to be concentrated among those workers with little
education, not primarily because technological developments are changing the
nature of jobs. but because the uneducated are at the "back of the line" in the
competition for jobs. Education, in part, determines the employability and
productivity of the individual, the adaptability of the labor force, the growth and
vitality of the economy. and the quality of the society. But we need not await
the slow process of education to solve the problem of unemployment.

6. The outlook for employment and adlustment to change in the next decade
depends upon the policies followed. Uneven growth and decline of occupations
and industries could, but need not. cause serious difficulties for the economy
as a whole. The number of unskilled jobs will not decline. though unskilled
jobs will continue to as a proportion of all jobs. Growth patterns in both the
economy and the labor force provide an important warning: Unless Negroes
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and, to a lesser degree, youth, are able to penetrate growing occupations and
industries at a more rapid rate than in the past. their high unemployment rates
will continue or even rise. Our society must do a far better job than it has in the
past of assuring that the burdens of changes beneficial to society as a whole
are not borne disproportionately by some individuals.

7. The more adequate fiscal policies of the past 2 years have proven their ability
to lower unemployment despite continued technological change and labor force
growth. Economic policy must continue, watchfully but resolutely, to reduce
the general unemployment rate. We must never again present the spectacle of
wartime prosperity and peacetime unemployment. The needs of our society
are such that we should give major attention in our fiscal policies to public
Investment expenditures.

8. With the best of fiscal and monetary policies, there will always be those
handicapped in the competition for jobs by lack of education, skill, or experi-
ence or because of discrimination. The needs of our society provide ample
opportunities to fulfill the promise of the Employment Act of 1946: "a job for all
those able, willing, and seeking to work." We recommend a program of public
service employment, providing, in effect, that the Government be an employer of
last resort, providing work for the "hard-core unemployed" in useful community
enterprises.

9. Technological change and productivity are primary sources of our unprec-
edented wealth, but many persons have not shared in that abundance. We
recommend that economic security be guaranteed by a floor under family income.
That floor should include both improvements in wage-related benefits and a
broader system of income maintenance for those families unable to provide for
themselves.

10. To facilitate adjustment to change as well as to improve the quality of
life, adequate educational opportunity should be available to all. We recommend
compensatory education for those from disadvantaged environments, improve-
ments in the general quality of education, universal high school education and op-
portunity for 14 years of free public education, elimination of financial obstacles
to higher education, lifetime opportunities for education, training, and retrain-
ing, and special attention to the handicaps of adults with deficient basic educa-
tion.

11. Adjustment to change requires information concerning present and fu-
ture job opportunities. We recommend the creation of a national computerized
job-man matching system which would provide more adequate information on
employment opportunities and available workers on a local, regional, and na-
tional scale. In addition to speeding job search, such service would provide
better information for vocational choice and alert the public and policymakers
to impending changes.

12. The public employment service is a key instrument In adjustment to tech-
nological and economic changes. But it is presently handicapped by administra-
tive obstacles and inadequate resources. We recommend the now federally fi-
nanced but State-administered employment services be made wholly Federal.
This would bring them into harmony with modern labor market conditions.
Then they must be provided with the resources, both in manpower and funds,
necessary to fulfill their crucial role.

13. We recommend that present experimentation with relocation assistance
to workers and their families stranded in declining areas be developed into a
permanent program.

14. Displacement, technological and otherwise, has been particularly pain-
ful to those blocked from new opportunity by barriers of discrimination. The
Commission wishes to add its voice to others demanding elimination of all so-
cial barriers to employment and advocating special programs to compensate
for centuries of systematic denial.

15. Technological and economic changes have differential geographic Im-
pacts requiring concerted regional efforts to take advantage of opportunities
and avoid dislocation. We recommend that each Federal Reserve bank pro-
vide the leadership for economic development activities in Its region. The de-
velopment program in each Federal Reserve District should include: (1) A
regular program of economic analysis; (2) an advisory council for economic
growth composed of representatives from each of the major Interested groups
within the district; (3) a capital bank to provide venture capital and long-
term financing for new and growing companies; (4) regional technical Insti-
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tutes to serve as centers for disseminating scientific and technical knowledge
relevant to the region's development; and (5) a Federal executive in each dis-
trict to provide regional coordination of the various Federal programs related
to economic development.

16. The responsibility of Government is to foster an environment of oppor-
tunity in which satisfactory adjustment to change can occur. But the adjust-
ments themselves must occur primarily in the private employment relationship.
The genius of the private adjustment process is the flexibility with which it
accommodates to individual circumstances. Our report suggests areas for con-
sideration by private and public employers. employees. and unions. We also
recommend study of a reinsurance fund to protect pension rights and modifica-
tions of the investment tax credit to encourage employers to provide appropriate
adjustment assistance. We also advocate a positive program by employers and
unions to provide compensatory opportunities to the victims of past discrimina-
tion and stronver enforcement provisions in civil rights legislation relating to
employment. Federal, State, and local governments are encouraged to conduct
themselves as model employers In the development of new adjustment techniques.

17. Technologry enlarges the capacities of man and extends his control over
his environment. The benefits of increased productivity can and should be
applied to combinations of higher living standards and increased leisure, im-
provements in the work environment, increased investment in meeting human
and community needs, and assistance to less advantaged nations.

18. As examples of possible applications of new technologies to unmet human
and community needs. we recommend improvements in health care, transporta-
tion, control of air and water pollution, and housing.

(1) To improve health care, we recommend: (a) Fuller access to diag-
nostic and patient care facilities by all groups in the population; (b) broader
and bolder use of the community and other new health technologies; (c)
increased spread and use of health statistics. information, and indexes; and
(d) new programs for training health manpower.

(2) To aid the development of an efficient transportation system we
recommend: Federal support of a system research program directed toward
(a) the problems of particular multistate regions, (b) the determination of
national transportation requirements, and (c) the evaluation of alternative
programs.

(3) For air pollution control. we recommend: (a) Enlargement of re-
search efforts to learn and understand the effects of various pollutants on
living organisms; and (b) assignment of pollution costs to the sources of
pollutants.

(4) To control water pollution, we recommend: The establishment of
effective, amply empowered river basin authorities.

(5) To encourage improvement in housing technology, we recommend:
(a) Federal stimulation of research; (b) use of federally supported public
housing to provide initial markets for new housing technologies; (c) promul-
gation of a national model building code by making available Federal sup-
port and Insurance of housing and other construction only In those com-
munities which put their building codes in harmony with the national code;
and (d) provision of adjustment assistance to any building crafts destroyed
by technical change.

19. We also recommend (1) increased use of systems analysis in resolving
social and environmental problems, (2) the use of Federal procurement as a
stimulus to technological innovation through purchasing by performance criteria
rather than product specification. (3) provision of Federal funds to universities
and other organizations for the improvement of research techniques and their
experimental application to urban problems, (4) the formation of university
institutes integrated with the educational function which would serve as labo-
ratories for urban problem analysis and resources for local communities wanting
their advice and services, and (5) increased efforts to make available for non-
government use results of Government performed or funded research.

20. Finally, we recommend: (1) Efforts by employers to "humanize" tie work
environment by (a) adapting work to human needs. (b) increasing the flexibility
of the lifespan of work. and (c) eliminating the distinction in the mode of pay-
ment between hourly workers and salaried employees; (2) exploration of a
system of social accounts to make nossible assessment of the relative costs and
benefits of alternative policy decisions; and (3) continuous study of national
goals and evaluation of our national performance in relation to such goals.

c1
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21. Nelson, Richard R., Merton J. Peck, and Edward D. Kalachek. Technology, EconomicGrowth, and Public Policy. Washington, The Brookings Institution, 1967. 251 pp.

INTRODUCTION

Technological advance has generally mystified layman and economist alike.In the popular literature technological advance tends to be viewed as the resultof the insight of a hero Inventor, or as the automatic by-product of a great scien-tific discovery-in any case, an unpredictable and uncontrollable force. Withfew exceptions, until recently the economists's treatment of technological advancedid little better in facilitating understanding of the subject. In most of the litera-ture on economic growth, technological advance tended to float in the air as afactor which increased the productivity of capital and labor, its contributionbeing estimated sometimes by the residual in the growth rate after allowancefor growth explained by other factors, sometimes by a time trend in productivity.'
In recent years economists and other social scientists have begun to deal moreexplicitly with technological change. Research has been undertaken on the rela-tionship between productivity growth and research and development spendingand other activities directed towards advancing technology. Other studies haveexamined the factors influencing the allocation of resources to advancing tech-nology among the various sectors of the economy. Still other work has focused onthe factors influencing the rate at which new technology is absorbed into theeconomy. 2 Part I of this book draws together much of this work, and attemptsto further develop understanding of the relationship between technologicaladvance and the economy.
Central to the analyses in Part I is an operational concept of technologicalknowledge. The discussion centers on the different kinds of pertinent knowledge,the various stages in its creation and application, the diverse inputs required inthese stages, and the factors affecting the allocation of these inputs. Also exam-ined is the interdependency between technological advance and other important

factors in the process of economic growth, such as expansion and updating ofcapital stock, increases in educational attainment, and shifts in the allocation ofresources from low to high productivity uses.
Part II deals with the ways the economy adjusts to technical change. It ad-dresses the laymen's fears that the existing economic and social structures arenot capable of adjusting to the consequences of technical change. In the past,technological change has destroyed the social and economic framework of tra-ditional rural pursuits and small-scale craft production and brought job andincome insecurity in its wake. Many people see this problem intensifying in thefuture, as a wave of automation inundates existing economic institutions.'
Professional economists generally take a more sanguine view of the futureregarding job security. After three decades of revolutionary change in socialpolicy, society seems on the verge of reconciling rapid technological advance withcontinuing high employment and a high degree of personal economic security.There remains, however, a serious reluctance to deal with other costs of techno-logical advance and rapid economic growth, such as smog, water pollution, noise,congestion, and other hazards to health and safety which have become blights onthe physical and psychological landscape. Indeed, society is still so lethargic indealing with these problems that it often accepts them fatalistically as the "costsof progress."
Clearly, the net benefit that society reaps from technological progress dependsin considerable degree on the costs of adjusting to change, and the costs of

IEdward F. Denison, The Sources of Economic Growth in the United States and theAlternatives Before Us (New York: Committee for Economic Development, 1962), is anexample of the first; Robert Solow, "Technical Progress, Capital Formation, and EconomicGrowth," American Economic Review, Vol. 52, No. 2 (May 1962), is an example of thesecond.
2 See, for example, Zvi Griliches, "Research Expenditures, Education, and the AggregateAgricultural Production Function," American Economic Review, Vol. 54 (December 1964) -Edwin Mansfield, Econometric Studies of Industrial Research and Technological Innovation(New York: W. W. Norton & Co., 1967) ; Jacob Schmookler, Invention and EconomicGrowth (Cambridge: Harvard University Press, 1966), and Everett Rogers, The Diffusionof Innovations (New York: The Free Press of Glencoe, 1962).
a PerhaDs the most striking example of the panic literature is Donald N. Michael,Cybernation: The Silent Conquest (Santa Barbara: Center for Study of Democratic Institu-tions, 1962). The report of the National Commission on Technoloev, Automation, andEconomic Progress. Technology and the American Economy, Vol. 1 (Washington: Govern-ment Printing Office, 1966), takes a more balanced view.
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inadequately adjusting. The extent to which society should foster technological
advance therefore depends on the strength and weaknesses of existing adjustment
mechanisms, a matter examined in Part II.

Part III is more directly oriented toward public policy concerning technical
advance. Certainly this area is no longer ignored. Rther, there is considerable
interest in federal policies to stimulate technical advance and channel it in more
socially productive directions. Research and development (R&D) programs on
supersonic civilian transport aircraft and inter-urban ground transport have been
initiated. A program of support of textile research has begun, and a Presidential
Commission has been formed to examine the patent system. Proposals have been
made for a vast expansion of R&D for the nondefense public sector, and for
support of civilian technology generally.' Since this volume was substantially
completed, the Presidential Commission an Automation has reported, but its
report became available after this manuscript was completed.'

Despite the ferment, and a considerable amount of action, policy making in
this field has suffered from an inability to delineate the proper role of private
and public financing and institutions, and from the lack of agreement on criteria
for determining when government programs are justified. Part III of this book
outlines a suitable framework for establishing such criteria. It suggests both a
set of broad problem areas where new governmental programs might have posi-
tive results, and a general strategy for policy making in this area.

22. Organization for Economic Cooperation and Development. The Conditions for Success
in Technological Innovation. Paris, 1971. 169 pp.

SUMMARY OF MAIN CONCLUSIONS OF THE REPORT

RELEVANCE TO SCIENCE AND ECONOMIC POLICIES

Technological innovation is defined here as the first application of science and
technology in a new way, with commercial success. Fostering technological inno-
vation is an important objective of national science policy, since considerable
scientific and technological resources are devoted to innovative activities.

Furthermore, technological innovation makes a significant contribution to
competitive strength in international markets, and the diffusion of innovation
amongst its potential population of users to economic growth in all Member
countries. The pressures for technological innovation and diffusion will continue
to be strong as long as economic growth and international competitiveness are
important policy objectives in the Member countries. The report's analysis is
concentrated on technological innovation rather than on diffusion, mainly because
of the relative lack of empirical information on the latter.

SOME CHARACTERISTICS OF THE INNOVATIVE SYSTEM

The Essential Components
Successful technological innovation always requires the existence of three

factors: scientific and technological capability, market demand, and an agent
which transforms this capability into goods and services which satisfy the de-
mand. In the OECD countries, this agent is the industrial firm, the pressures and
incentives being competition and profit, mainly through product innovations but
also through cost-reducing process innovations.

'For an example, see Report of the Committee on Economic Impact of Defense and
Disarmament. July 1965 (Washington: Government Printing Office, 1965), particularly pp.
51-55; U.S. Department of Commerce, U.S. National Bureau of Standards, "Improving the
National Climate for Invention and Innovation" (Washington: The Bureau. mimeo, 1965);
and Council of Economic Advisers, Economic Report of the President Together with the
Annual Report of the Council of Economic Advisers (Washington: Government Printing
Office, 1962), pp. 123-27. See also the report of the National Commission on Technology,
Automation, aand Economic Progress, op. cit., Chaps. 6 and 7.

5 The report of the Automation Commission concerns many issues discussed In this book.
At various places reference to the report is made In footnotes. While the report material
would not alter the authors' approaches or conclusions, had It been available earlier, it
would have been given more extensive reference In the text Itself. The varloius monographs
sponsored by the Automation Commission were not available at the time of printing.
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"Technology-Push" vcrusus "Demand Pull"
According to the results of four empirical studies, between two-thirds andthree-quarters of innovations are initially stimulated by a clear definition ofmarket needs. However, the remaining technology-stimulated innovations includerelatively more innovations of a radical nature, which provide the basis for alarger number of more minor innovations, oriented towards the satisfaction of

wvell defined market needs.
Differences mongst Industries

In spite of the relative concentration of R and D activities in a few industrialsectors, many other sectors of the economy benefit from science and technology,through being suppliers or customers of the research-intensive industries. Ac-cording to a U.S. study, these research-intensive industries employ relativelylarge numbers of qualified scientists and engineers, not only in R and D, butalso in production, marketing and general management. They also have relativelyhigh proportions of total employment outside production and high levels of con-centration; but they are not particularly capital intensive, nor are they rela-
tively big consumers of raw materials.

Three factors have been put forward to explain the varying research-intensityof industrial sectors, namely, variations in technological opportunity, quality ofmanagement, and market opportunities. But there is no empirical evidence on therelative importance of these factors which may, in any case, be interdependent.Technological advances in materials, automation and informatics offer consider-able opportunities for application in sectors which are not at present research-intensive. Managements in these sectors may themselves exploit these opportuni-ties, which will otherwise be seized by the research-intensive industries them-
selves.

Industrial Structures
The empirical evidence suggests that both large and small firms play essentialroles in the process of technological innovation, and that these roles are comple-

mentary, interdependent and ever changing.
They are complementary in that larger firms have tended to contribute mostto innovation in areas requiring large scale R and D, production or marketing

resources, whilst smaller firms have tended to concentrate on the supply of spe-cialised but sophisticated components and equipment-often with large firms ascustomers. In addition, however, small firms have often made very major inno-vations, either because large firms have not had effective methods of evaluating
and implementing radical proposals, or because major innovations often involve
great uncertainties so that even the best managed of large firms may let impor-
tant opportunities slip through their fingers.

The roles of large and small firms are interdependent because small firms areoften started by scientists and engineers with previous experience in large firms.
Sometimes the establishment of these "spinoff" firms has been actively encour-aged by large firms. Sometimes it has happened by default. Small science-based
firms flourished earlier in the United States than in other Member countries,
partly because of a more favourable market and financial environment and of a
greater degree of personal mobility.

Finally, the roles of large and small firms are ever changing. As a technology
matures in one sector, scale factors tend to become more important. But, as onetechnology matures, another enters a period of growth, thereby opening other andnew opportunities for smaller firms. Hence the need for mobility and flexibilityof innovative resources-and particularly skilled manpower and capital-in orderto respond to the ever changing opportunities and requirements of technological
innovation.

The Size of Nlational Markets
Studies in the USA have suggested that the size and sophistication of the U.S.

market has been a key factor in the innovative strength of U.S. industry. How-ever, this explanation does not appear to hold for all Member countries. Thereare countries with very small national markets, but also with the technologicaland entrepreneurial capabilities enabling them to respond to demands for inno-vation on world markets. However, overcoming barriers to national markets has
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its costs, and can reduce the rewards and returns to successful innovators. In
particular, the penetration of foreign government markets appears to have been
particularly difficult, and to have had important effects on patterns of innovative
performance in certain sectors.
The Management of Innovation

Technological innovation poses many difficult and sometimes novel problems to
management, given the uncertainties and long time horizons involved, and given
the need for communications across disciplinary and functional boundaries.
Hence the need for "entrepreneurial" organisational forms, with flexible defini-
tions of responsibilities and large possibilities for lateral communication, capable
of evaluating and responding to new-and often unforeseen-technical and
market circumstances. Hence also the need for top management's commitment
to taking risks.

Study and teaching specifically related to the process of innovation may be
particularly valuable-for both research workers and managers-given the diffi-
culties of applying successfully many of the conventional management techniques.
Furthermore, the increasingly worldwide competitive and market environment
within which technological innovation takes place requires a careful definition of
the role of R and R in achieving company objectives: in particular, the definition
of the appropriate mix of "offensive", "defensive" and "absorptive" R and D
strategies.
The Role of Fundamental Research

Fundamental research undertaken mainly in the universities plays an essential
role in the process of technological innovation. It enlarges the pool of knowledge
from which innovative activities draw, and is an essential input into the train-
ing of manpower for applied research and development activities.

The experience of eleven Member-countries suggests that strong links exist
between national potentials In fundamental research and national strengths in
technological innovation. Although the results of the world's fundamental re-
search are, In narrow economic terms, a "free good", the effective absorption
of the results of foreign fundamental research requires an indigenous funda-
mental research effort-certainly in the universities and, at higher levels of
technological development, also in Industry.

Furthermore, the transfer of knowledge between science and technology is
mainly "person-embodied": in other words, it takes place through people talk-
ing to one another, or through people moving from one institution to another.
Hence the importance of integrating the results of fundamental research rapidly
Into the teaching process, of university staff consulting with industry, and of
university-based refresher courses for industrialists.

Conversely, strength in technological innovation also affects the quality of
fundamental research. It leads to industrial growth and thereby induces greater
demands for university education and research, either through direct, indus-
trial financing of certain university activities. or through the sensitivity of
governmental educational policy to industrial requirements.

THE ROLE OF GOVERNMENT

Government Is not the primary agent for the generation and application of
scientific and technological knowledge. This role belongs to the universities and
industry. But experience has shown that government policy, when oriented to-
wards well-defined objectives, can have an important influence on the resources,
incentives and barriers related to the innovative process.

Objectives
However, no general policy prescriptions can be made which will be applicable

in all countries, because countries differ in resources, environment and objec-
tives, and not enough is known about the impact of various components of gov-
ernment policy. Nonetheless, successful. national Innovative systems appear to
be bound up with strong fundamental research coupled with a capability in
Industrial R and D, orientation towards world markets, and flexible structures
and methods which ensure that multiple channels are kept open for the creation,
transfer and application of technology.
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The Deployment of R and D Resources
Even where variations in absolute size are taken into account, there are big

differences amongst Member countries in the level of resources devoted to
R and D performed in industry. For R and D financed by industry, the differ-
ences are smaller, although still important.

Government performed R and D has decreased as a proportion of total R and
D in countries where it has been high. Although total levels of R and D fund-
ing, and the objectives of government-financed R and D, have often evolved
rapidly, patterns of performance of R and D changed only slowly.

Many governments are taking measures to couple government performed R and
D more closely to industrial needs. At the same time, government measures to
promote industrial R and D have been successful when R and D has been the
main bottleneck in the innovative process, but not otherwise.
National Technological Specialisation

The increasingly open and interdependent OECD region requires national
specialisation within areas of advancing technology. The existing patterns of
national specialisation reflect government objectives and access to raw mate-
rials, as well as the sanctions of commercial success in world markets. Govern-
ment can reinforce existing patterns of specialisation through rewarding suc-
cessful, innovating firms, and can help create new patterns in the longer term
by building up new strong points in scientific and technological capabilities.
Large-Scale Technological Programmes

Governments are often involved in financing large-scale scientific and tech-
nological programmes which have a strong influence on the pace and direction
of scientific and technological advance, as well as on the use of resources. These
programmes have had important effects on technological innovation in specific
sectors. But some countries have a strong national performance in technological
innovation without such large-scale programmes. The extent to which govern-
ments will finance large-scale programmes related to technological innovation
will depend on their attitudes to, and resources available for, costly, high risk
and high return projects, as well as the degree of internationalisation of par-
ticipation in large-scale programmes in future.
Creating a Climate Favourable to Technological Innovation

When considering more general policies for the creation of a climate favourable
to technological innovation, three key characteristics of the innovative process
must be borne in mind. First, the outcome of innovative activities is uncertain
so that risk taking must be rewarded, and individuals and institutions must have
the ability to adapt to new and unforeseen situations. Second, innovation often
implies uncomfortable changes, so that pressures must exist for change, and its
social costs reduced as far as possible. Third, the transfer of technological knowl-
edge is mainly "person-embodied", so that mobility and person-to-person contacts
must be encouraged, both within and amongst institutions at the various stages
of the innovative process.

These requirements suggest a number of objectives for government policy,
such as:

Ensuring industrial competition, as the main pressure for technological
innovation;

Ensuring equitable rewards for innovations, through the tax and patent
systems;

Ensuring that regulations, codes and standards take account of both the
social costs and benefits of the innovative process, as well as the flexibility
and pluralism required for successful innovation;

Having active regional and manpower policies to deal with the changes in
industrial and skill patterns brought about by technological change;

Using government procurement to upgrade the technical level of industry,
and to couple technology more effectively to collective, social needs;

Encouraging the mobility of scientists and engineers, especially in and out
of government laboratories;

Identifying policy measures to encourage science-based entrepreneurship;
Ensuring continued trade and capital liberalisation, thereby heightening

the pressures and incentives for technological innovation in all Member
countries, and maintaining the rapid, international spread of the benefits of
new technology.
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23. Organization for Economic Cooperation and Development. Gaps in Technology. General
keport. Paris. 1968. 41 pp.

IV. POLICY IMPLICATIONS

1. Definition of the Policy Problem and Areas of Possible Action

112. The differences in levels of scientific and technological capability and in
innovation in industry that have been brought to light are not entirely new, but
represent trends of long standing. What, then, are the factors that account for
the present concerns? The evidence of the OECD studies suggests the following:

(i) Products of industrial sectors which require much R and D and
Innovation are growing in number and in importance. Although their weight
in the total output of the Member countries is still relatively small, as com-
pared, for example, with agriculture and construction, their role In the total
Industrial economy of advanced countries is generally conceded to be of
growing importance. This is partly because it is believed their Impact on
more traditional industrial sectors may be important, and partly because of
their growing importance in world trade.

(ii) Together with the above trend, there Is some feeling that in certain
science-intensive Industries the point may be reached after which it will
become increasingly difficult for new firms to enter the market successfully.

(iii) Although technology is being effectively transferred among Member
countries, the relative Importance of foreign investment as a vehicle for
transfer appears to be increasing. This fact has raised the issue of the effect
of location of industrial decision-making on national economic. employment
and research policy. This matter is linked with the important role now played
by International companies which operate on a world-wide basis, and In some
cases have a strong leadership position in the total market.

113. Thus, the growing importance of science-intensive industries, the increas
ing "price of entry" to the market, and the growing role of direct investment
and International companies in the process of technological transfer appear to be
the new factors which explain the political importance of the issues which this
report is concerned.

114. The findings of the OECD study would suggest that three main lines of
action are required. First of all. individual countries will need to take measures
to enable their industries to strengthen their performance in original Innovation,
and their abilities to exploit these innovations in the market. This can only be
achieved by deliberate efforts on the part of the countries themselves. Secondly,
groups of Member countries. includine the European members, will need to de-
velop more effective forms of cooperation in order to overcome the existing frag-
mentation of markets. industries and technological efforts. Success in this direc-
tion is nepessary if cooperation and exchanze between the United States and
other Member countries Is to be effective. Thirdly, co-operation between all the
Member countries will be needed to avoid the development of obstacles to tech-
nological exchanges, thereby Increasing the benefits to all. Each of these three as-
pects of policy will now be discussed.

2. Policies at the National Level to Strengthen Performance in Innovation

115. There is a wide range of measures at national level which would con-
tribute to building up national and scientific and technological capabilities and
success In original innovation. These measures would imply a new .tage in science
and technological policy in coming years, including close integration with eco-
nomic, Industrial and commercial policies. The principal objectives of this new
stage would be:

(i) to relate government science policy more explicitly to clearly-defined
economic, social. defence and other objectives. in order to provide clearer
orientation of effort, leading to better utilization of and more economic out-
put from scientific and technological resources;

(ii) to define the possible contribution of science and technology to a wider
range of government objectives;

(iii) to strengthen communication and co-operation among industry. the
universities and government agencies, in order to overcome the "isolation"
of science and technology from those who may apply their results;
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(iv) to consult industry much more comprehensively in the formulation
and execution of policy, in particular in Europe, in order to overcome the
weaknesses in the innovation process in some Member countries as revealed
by the present study.

116. There is no unique prescription for policies in these directions. Economic,
industrial and social policies are clearly just as much involved as, and inter-
related with, those in science and technology. Some of the following would, how-
ever, provide the basis for a new partnership between industry and government
and thereby help to strengthen Member countries' performance in original tech-
nological innovation.

3. International Co-Operation in Science and Technology Between Member
Countries and Groups of Member Countries

135. Although the actions reviewed above are important, more needs to be
done if the pace of technological innovation is to be accelerated. For this to be
achieved, other Member countries and groups of Member countries, for example,
in Europe, are considering programmes for science and technology which, even if
not of the same size as the space programme of the United States, nevertheless
have the same power to catch the imagination of the industrial, scientific and
educational communities, and the means to overcome institutional barriers and
traditional attitudes. If the United States' experience is a pointer it seems be-
yond doubt that the political will to undertake such programmes will depend on
their being the instruments for attaining important and stimulating objectives.
Moreover, since programmes in advanced areas of technology, such as space,
aviation and nuclear energy, and an increasing number of areas of civil tech-
nology, are in many cases beyond the resources of individual countries, they will
depend on the identification of objectives which can be agreed between groups of
countries.

THE REQUIREMENTS FOR EFFECTIVE INTERNATIONAL CO-OPERATION

140. Whilst the need for major programmes of cooperation in science and tech-
nology related to social and economic objectives is clear, there are a number of
fundamental difficulties which call for examination:

the need for more clarity or agreement concerninr the objectives for which
the projects are undertaken and the policies for achieving them;

lack of means for the systematic examination of the alternatives for achiev-
ing a desired policy objective, or the alternative methods of managing a
given project or programme;

the seemingly inevitable competition between national and international
projects;

the difficulties of reconciling the need for efficiency and managing such proj-
ects, with the desire for each participating country to achieve a fair re-
turn in every specific area of cooperation:

intergovernmental co-operation in applied R and D projects must often go
hand in hand with inter-country co-operation in industry and in govern-
ment procurement.

141. Quite apart from the above difficulties, there remains the problem of
choosing objectively the most appropriate framework for international co-opera-
tion. and of working out effective and realistic arrangements for political and
managerial control. Whilst there have been some past successes, there has also
been a sufficient number of difficulties to make it clear that, although it is urgently
necessary to give a new impulse to international scientific and technological co-
operation, it is equally important to establish an effective mechanism or forum
for evaluating possible projects, so that governments may have a clear picture of
the objectives to be served, and alternative methods for achieving these ob-
jectives.

142. In addition to this need for evaluation. decisions should be related to
future needs, and emerging technological opportunities. Otherwise, the priorities
for effort will run the risk of not reflecting the real options, which must of neces-
sity be formulated having regard to possible technological and market trends.

143. These considerations suggest that the efforts of individual countries to
evaluate possibilities and develop an effective role in international co-operation
in science and technology could be significantly assisted by arrangements to
carry out the following functions:
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(i) assessment of social and economic objectives in Member countries, in re-
lation to which there are potential contributions from technology which call
for international co-operation;

(ii) evaluation of proposed international projects in relation to these ob-
jectives, including the formulation of criteria which would assist Member
countries in such evaluations;

(iii) examination and evaluation of management requirements for large-
scale co-operative programmes.

4. Policies To Increase the Benefits of International Technological Exrchanges

152. While scientific and technological projects undertaken in common provide
one example of the way in which the benefits of technological advance can be
shared, a great deal of technological flows between countries takes place through
the processes of trade in goods. capital movements, purchases of technological
know-how and the migration of professional manpower. It is important that.
where necessary, action should be taken to facilitate these flows.

153. The structure of trade in manufactured goods does in itself seem to reflect
a certain pattern of relationships in terms of technology. The United States seem
to lead in the production and exportation of new products. Western European
countries, once in the position occupied today by the United States, retain a canac-
ity for innovating new products in some sectors, but in many cases they are bril-
liant followers based on the early adoption of innovations made in the United
States and elsewhere. Japan, formerly competing in products based on "tradi-
tional" technology, has moved up to a position similar to that of some European
countries, and in some key sectors is an original Innovator.

154. Thus, trade in goods has enabled countries to acquire technologies as a
result of liberal trading policies. However, the above pattern of relationships in
technology will continue to evolve if Member countries succeed in developing their
innovative capabilities.

155. In this connection the reduction of non-tariff barriers to trade would un-
doubtedly be beneficial to flows of technology. Industry is sometimes hampered by
the need to diversify its products for export in order to fit In with varying stand-
ards, certification procedures, safety requirements, etc.; by varied patent proce-
dures in different countries, and by regulations and restrictions in the field of
government procurement. There is in consequence a definite need to harmonize
standards, to consider patent legislation on an international basis, and to liberal-
ize and harmonize government procurement.

156. In addition, countries are bound to ask themselves how they can to some
extent produce their own advanced technological products and thereby benefit
from the rapidly growing markets for such products. There are a number of ways
in which they may develop their production facilities, either through licenses, for-
eign investment, or by generating the technology domestically.

157. As far as licensing is concerned, the system of patent monopoly has con-
tributed much toward avoiding wasteful duplication of research and development,
ensuring the effective building-up of scientific and technical knowledge, and act-
ing as an incentive to Invention and especially to innovation. However, some
patents are now so basic to the development of important sectors of industry, and
the pace of technological change has become so fast. that fears have been ex-
pressed about the possibility that access to some important inventions and the
related licenses may be restricted. It may be desirable to give some attention to
aspects of this question.

158. Foreign investment may be considered an alternative to licensing, depend-
ing on the particular circumstances of competition between firms in different
countries, and on national policies. In Europe. for example. foreign investment,
principally from the United States, has undoubtedly contributed to the effective
transfer of technologies. However. foreign investment on a large scale raises the
question of control of decision-making over important sectors of national econ-
omies, and calls for developments In national and company policy whereby the
contribution to the national economy can be most effective, while allowing for a
fair return for the investor. Foreign subsidiaries and joint ventures also con-
tribute to the level of technological development in the host country, especially
If the strategy of the firms concerned is to conduct R and D in their subsidiaries
and joint ventures and diffuse the technology in question in the recipient
economy.



81

159. An important additional process in the transfer of technology is the mo-
bility of scientific and technical manpower. Whereas the provision of education
is mainly a national concern, the labour market for qualified persons emerging
from any educational system is becoming increasingly international. If a country
produces more persons with certain qualifications than its economy can absorb,
these persons may be expected to seek lucrative employment in countries with a
higher standard of living, and the country losing manpower will experience a
"brain drain". A country producing fewer qualified people than required by the
private and public sectors of the economy will tend to attract them.

160. Licensing, foreign investment and the "brain-drain", should be seen in the
broad context of technological development and exchange under modern condi-
tions. The efficient exploitation of advanced technologies calls for both technologi-
cal resources beyond national boundaries and access to markets that are interna-
tional in scope. This, added to the mobility of the factors of production (essen-
tially knowledge, qualified manpower and capital), leads to a new emphasis in
international exchange. Flows of manpower, investment and knowledge are un-
doubtedly beneficial to all countries but in this new situation some countries are
experiencing problems which affect the development of their own technological
capabilities.

161. It is also important to bear in mind the special plight of the under-devel-
oped countries. For, whereas the evidence suggests that technology has been
effectively transferred between the Member countries, the same is not true for
the under-developed countries. The absence of scientific and technological capa-
bility in these countries may be an important factor in limiting the transfer of
technology to them, and the aid to them in developing indigenous R and D capa-
bility may be an increasingly important task for the Member countries.

24. Organization for Economic Cooperation and Development. Policies for the Stimulation
of Industrial Innovation Analytical Report, v. 1. Paris, 1978. 10f7 pp.

PREFACE

(By Professor C. Freeman)

I. THE IMPORTANCE OF POLICIES TO STIMULATE INNOVATION

The introduction to the Report argues that government policies for innova-
tion are likely to remain an extremely important aspect of public policy. Dis-
illusion with some of the unwelcome side effects of technical change will not
diminish the need for innovations, rather the opposite. Similarly, shortages of
primary commodities or of other resources are acting as an additional impetus to
innovation. It is difficult to dispute the conclusion that "the long-established in-
terest of Member governments in the innovation process is today becoming even
more marked". At the same time as new programmes and institutions have been
started in most Member countries, older organizations and measures have been
modified or transformed to serve new purposes. Old public scientific laboratories
are increasingly "mission-oriented" and the older "big science" programmes are
adapted to cope with the energy crisis.

II. PROBLEMS OF THEORETICAL GENERALISATION IN INNOVATION STUDIES

The Report shows that most national authorities (with the exception of the
United States) attempt little systematic evaluation of PSI. It has also demon-
strated the shortcomings of some of the traditional approaches which influence
decision-making. But a comparative survey could go further. Even though con-
structive criticism of some national policies may occassionally be unwelcome to
this or that national authority, the Member governments of OECD are suffi-
ciently mature in their approach to comparative research to recognise that this
is one of the main benefits of an international organization. Economic policies,
educational policies and environmental policies of Member countries have all
benefitted from this type of friendly but critical international evaluation and com-
parison within the framework of OECD research and discussion. Such evaluation

I Director of the Science Policy Research Unit University of Sussex (United Kingdom).
In this preface, written at the request of the ad hoc Group, Professor Freeman expresses
its personal views on PSI and the problems which are raised by their study.
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and discussion depends of course on some commonly agreed theoretical frame-
work. But such a consensual framework has in fact been emerging during the
last ten years, partly as a result of the OECD's own efforts. A few examples may
serve to illustrate the type of thing which might be attempted: one obvious ex-
ample is the question of subsidies to industrial R&D. There is evidence in the

survey that these are playing an increasingly important part in the PSI of many
Member countries, even in some which have traditionally been unsympathetic to

the conception of public subsidies to private firms. There is an abundant eco-
nomics literature on the whole question of subsidies to particular industries or
firms. There is also an increasing volume of evidence on the relevance of this
theory to the special case of industrial innovation.

Broadly speaking, almost all schools of economic theory have established a
strong case against subsidies to particular firms and industries, arguing that in
the long run they are likely to lead to a misallocation of resources and to a

diminution of welfare. There is also strong evidence from the theory of govern-
ment and public administration that ad hoc subsidies to individual firms may
prove in the long run difficult to administer fairly and efficiently. Finally, there
is evidence from the specific field of innovation studies that subsidies to R&D
may not even be the most effective form of subsidizing innovations. R&D per-

formance is by no means identical with innovation performance and it is the
latter with which PSI are primarily concerned.

Case studies of Industrial innovations in many OECD countries, together with
some more systematic comparative studies, have now established a fairly well-
organised body of knowledge on the circumstances surrounding successful inno-
vative performance. Simply to spend more money on R&D cannot in itself

ensure success, and may indeed make failure more likely. In most industrialised
countries private firms are ready and able to finance those innovations which
they believe will be profitable. There is a real danger that when subsidies are
requested they will be for the less satisfactory projects. Moreover, a whole
series of innovation studies have demonstrated that the most common causes
of failure are not those associated with lack of finance for development, but those
related to a poor understanding of the market and failure to relate technical de-
velopment to the needs of potential users. A very common pattern of failure is
the pursuit of a technologically Interesting idea without sufficient regard to its
potential profitability or consumer demand. The availability of generous R&D
subsidies seems far more likely to reinforce this pattern of behavior than to
weaken it.

All of this would suggest that more efficient and socially desirable forms of PSI
might emerge from procurement policies rather than from R&D subsidy poli-
cies, or at least from a well conceived combination of the two. One of the few
empirical studies which made some comparisons between these alternatives came
to the firm conclusion that procurement was far more effective than subsidy in
one industry where both were used on a large scale. This was the U.S.
semi-conductor Industry which has been the subject of detailed investigation by
Golding and by Tilton. Golding concluded not only that procurement policies
had been far more effective than subsidies in the United States, but also that the
subsidy policies used in several European countries had been largely ineffective.

Yet there is scarcely any mention of the role of the market or procurement
policies in the national replies to the OECD survey. This is clearly a case where
there is some divergence between the findings of research and the views of some
policy-makers on appropriate and useful PSI. Some further research by the OECD
on this issue could conceivably lead to an important change of emphasis in pol-
icy, just as the findings of research led to major changes in international trade
and employment policies in the past.

All of this does not mean that there may not sometimes be a strong case for
R&D subsidies in particular countries. in particular industries. Economic theory
has for a long time Indicated that tariffs and other forms of protection, like sub-
sidies, lead to inefficiency and loss of welfare. National and international policies
have been strongly influenced by this theory and this Is reflected in the steady
pressure of GATT, the OECD, the EEC and other international organisations to
reduce the barriers to trade by agreement. But economic theory has generally
accepted that there are important exceptions which may justify national pro-
tective measures, at least temporarily, and these exceptions are reflected in the
relevant International agreements. For example, the "infant industry" argu-
ment is an important consideration, which by extension may be applied in the
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early stages of industrialisation to the whole of manufacturing industry in de-
veloping countries. Again, another important exception to the general rule is in
the whole area of "strategic industries". The applications of this are often
highly controversial, particularly for example in relation to agricultural prod-
ucts, such as sugar or wheat, and industrial products with both military and
civil applications such as computers or aircraft. No one could possibly argue that
international trade theory provides easy answers to all these complex and difficult
questions, but it does at least provide a framework within which they may be dis-
cussed. Similarly, in the case of subsidies to R & D: it should now be possible
to discuss these within a general theoretical framework rather than on a purely
pragmatic ad hoc basis. This does not mean that such a framework should be
based on the increasing importance of social criteria. But where subsidies are
used the onus should be on policy-makers to indicate the specific justification for
this type of measure.

Similar considerations apply to the discussion of the role of government labora-
tories, rewards to inventors, tax incentives, public procurement and several other
PSI. Much work in the social sciences on regional policies, on public finance, and
on communication theory is relevant here, as well as the specific work on indus-
trial innovation.

Consider for example the role of government laboratories. The response of the
member countries on this question was extremely uneven, but all of them have
important public laboratories and are concerned about their future role. Here
too the findings of theoretical and applied economics have extremely important
implications for government policy. Several empirical studies (for example
TRACES, Gibbons and Johnston) have demonstrated the importance of infor-
mation inputs from public and university laboratories for technical innovation by
industry. Nelson and his colleagues have demonstrated an extremely strong case
for government endowment of long-term basic research, which has not been re-
jected or refuted by any school of economic theory. Nelson has further argued
that there will be a chronic tendency for industry to under-invest in long-term
research. Whilst Hirschliefer has argued that firms may be more capable of
profitable appropriation of the results of their own basic research than Nelson
allows for, he has not refuted his general case. There is a clearly mutual advan-
tage to be derived from industry concentrating on experimental development and

commercialization, with government financing more fundamental and more long-
term research. As Pavitt has pointed out, government finance of public labora-

tories and universities complements industry's own R & D programmes and this
is more valuable than to supplement them by subsidising development. Nelson,
Peck and Kalachek argued ten years ago that the main concern of public labora-
tories should be "fundamental technology" and not development.

It seems that on the one hand there is a danger of pushing government labora-
tories into short-term development in an effort to make them more "relevant",
and on the other hand there is a danger of government laboratories becoming the
Cinderella of PSI, whilst subsidies to firms are increased, and this applies even
more to Research Associations. Yet these changes in the emphasis of government

policies are due less to any serious comparative evaluation of PSI than to a vague
feeling that the industrial firm is where the action is and that it is here that
effort needs to be concentrated. The apparently poor showing of some public lab-
oratories and RAs may well be due to problems of interface with industry and
technology transfer than to a basic mis-allocation of government expenditures.
Evidently, here too there is important scope for OECD research on the evaluation
of RAs and public laboratories, concentrating in particular on programme selec-
tion and transfer mechanisms.

From the Report and from other evidence it is clear that governments since the
war have given a much higher priority to special measures related to "high tech-

nology" industries than to the RAs. The RAs are concerned much more with indus-
tries of relatively low research-intensity and often composed of smaller firms. Yet
-insofar as industrial efficiency is the main concern of government PSI there
would be a strong case for concentrating more attention on a wide range of indus-
tries, rather than the preoccupation with glamorous high technologies. Here
again there is a clear need for OECD research. In the 1950s the OECD did a pio-
neering comparative study of the RAs, but since then it has almost entirely
neglected this extremely important area of government involvement with tech-
nical change in industry. Yet a great many new developments have taken place in
the RAs and there is much that countries could learn from each other by a really
good comparative study.
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To sum up these points, it Is clear from the Report that although governments
have shown increasing interest in PSI, and have been willing to introduce many
new measures, they have devoted realtively little attention to studying the rel-
ative efficacy of PSI or their impact. Comparative research, using the results of
much recent empirical work could throw a great deal of light on this question,
and possibly prevent some mis-allocation of resources.

Finally, although the Report argues very convincingly in Chapter I that "social
innovations" in such areas as housing, health and transport are of growing impor-
tance for PSI, this theme subsequently receives little further mention or dis-
cussion. Yet this is surely a topic which merits a great deal of further research
and which is relvant to almost all the PSI which are discussed, whether this is
undertaken within the framework of a social cost/benefit type of analysis, or this
approach is discarded because of its inherent limitations and a wider approach
is adopted.

25. Pavitt, K., and W. Walker. Government Policies Towards Industrial Innovation: A
Review. Research Policy, vol. 5, January 1976: 11-97.

SUMMARY

Existing economic theories show that continuing innovation, diffusion, and
technical and managerial improvement are necessary for economic growth and
international competitiveness in the industrially advanced countries. But knowl-
edge of why, where and how governments should intervene in the processes of
industrial innovation stems more from trial and error than from systematic
empirical information of the nature and extent of the handrances to economically
and socially desirable innovations, and of the effectiveness of alternative govern-
ment policies to remove them. Nonetheless, past empirical studies do offer some
clues.

Difference8 amongst industrial 8ectors.-The sources of new technology vary

widely amongst industrial sectors: in the costs of innovation, in the relative
importance of outside suppliers of equipment and materials, of large and small
firms, and of full-time R. & D. departments as compared to part-time innovative
activities. Similarly, the conditions for successful innovation vary amongst
sectors. Thus, government policies designed to influence innovation are likely
to act with different intensities in different industries.

The management of innovation.-Nonetheless, there are some features common
to innovation in different industries. Considerable costs beyond R. & D. are often
necessary before the innovations reach commercial use. And the following
managerial characteristics are in general associated with successful innovation:
a deliberate policy of seeking innovations; close and careful attention to customer
requirements; good personal communications both within the firm and with out-
side sources of relevant knowledge; a style of management that is 'organic' and
'participatory' rather than 'hierarchical' and 'authoritarian'; strong project lead-
ership; and a strong engineering capability.

R. & D. managers are still unable to predict the outcome of R. & D. projects to a
useful degree of accuracy and, in the literature on methods of project selection,
very little attention is paid to market uncertainties. Furthermore, a greater use
of conventional investment appraisal criteria in deciding on R. & D. projects may
re-inforce the already observed tendency in industry towards short-term, low-
risk projects, to the neglect of longer-term, high-risk projects.

Governments should therefore examine whether the benefits of policies towards
education and management advisory services for innovation might outweigh
their costs. They may also have a significant role to play in financing longer-
term research that Is basic to the development of industrial technology.

The nature of market and production demands.-The direction of industrial
innovation Is often very sensitive to market and production demands (sect. 3).
This fact, together with the high degree of market uncertainty facing innovating
firms, suggests that governments can potentially influence both the pace and
the direction of industrial innovation through their influence on the scale of
industrial, consumer and public service demands. However, this potential influ-
ence will become real only if users of innovations are 'able to specify the innova-
tions that they need, or to evaluate those that they get. This is generally the case
for industrial demand, but not in consumer and public service markets, where
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fashion, insensitivity to users' needs and lack of technical competence often pre-
vail. Government-funded technological institutes and laboratories are ideally
placed to provide such technical competence.

Economic incentives and rewards for innovation.-A whole range of economic
factors are said to influence the resources, the incentives and the rewards for
innovation: for example, the degree of monopoly or the degree of competition,
the patent system, the level of profits, the level of taxation, and the level of de-
mand. The empirical evidence on the effects of most of these factors on industrial
innovation is either inconclusive or non-existent. However, in the United States
a close relationship has been observed between growth of industry sales and
growth of industry-financed R. & D. activities. The rate of growth of demand is
also one of the key factors influencing the rate of diffusion of innovations
amongst their potential population of users.

The government-financed scientific and technological infrastructure--Scientific
and technological knowledge from outside of innovating firms is often crucial
to the completion of successful innovations, and three UK studies show that a
significant proportion of this outside knowledge comes from government-financed
technological institutes and laboratories, and from the universities. If the same
is true in other countries, it should be an essential feature of any government
policy towards industrial innovation to know how effectively government-
funded laboratories and universities provide supportive knowledge to industry,
and how government laboratories should be organised and financed.

Direct government-financing of innovative activities in industry.-Governments
specifically finance R. & D. activities in industrial firms, although these expendi-
tures are less than those for general industrial development. These R. & D. ac-
tivities in industry are relatively more important in France and UK, than in
F.R. Germany and the Netherlands.

In the four countries, more than 70 percent of all civilian government R. & D.
activities related to industry are spent on aircraft, space, nuclear energy and
electronics. In all these high technologies, governments attempted in the 1960's
to implement 'policies for innovation', involving government procurement, in-
dustrial mergers and attempts at European co-operation, in addition to the
financing of R. & D. Government expenditures on civilian R. & D. related to
other Industrial sectors are very much smaller in all four countries.

Where should governments intervene?-A number of attempts have been made
to develop a formal framework of criteria to assist governments in deciding
where they should intervene in industrial innovation. They all run into the
following difficulties: dealing with multiple policy objectives; assessing national
costs and benefits; comparing with alternative policies, choosing appropriate
policy instruments.

How should governments intervene?-Very little information is available on
the effectiveness of various policy instruments that have been used by govern-
ments in order to promote innovation in industry. Although it is often possible
to measure the inputs into such policies, the measurement of their outputs (or
results) is more difficult. Nonetheless, detailed studies would enable some such
measurements to be made, and internationally comparable studies would increase
the range of experiences and the number of cases that could be examined.

Why should governments intervene?-A full appreciation of the nature and
scale of hindrances to industrial innovation, on which governments should act
to remove, requires direct information on what innovations are (or are not)
being introduced by industry, and why they are (or are not) being introduced.
This information can best be obtained from analyses of the behaviour of in-
dustrial firms. They would differ from most existing innovation studies that
concentrate on asking how firms must behave in order to make successful
innovation, by asking what innovations are attempted), and why firms are stim-
ulated to attempt them.

26. Rogers, Everett M. Diffusion of Innovations. New York, Free Press, 1962, 380 pages.

GENERALIZATIONS

Throughout the book, a number of generalizations have been presented to
synthesize the major findings. A total listing of these generalizations provides a
skeleton summary of the major conclusions of what is now known about the
diffusion of innovations.
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1. Innovativeness of Individuals is related to a modern rather than a tradi-
tional orientation.

2. An individual's innovativeness varies directly with the norms of his social
system on innovativeness.

3. Relatively later adopters are more likely to discontinue innovations than are
earlier adopters.

4. Impersonal information sources are most important at the awareness stage,
and personal sources are most important at the evaluation stage in the adoption
process.

5. Cosmopolite information sources are most important at the awareness stage,
and localite information sources are most important at the evaluation stage.

6. There is little evidence that lack of knowledge about innovations actually
delays their adoption.

7. Awareness occurs at a more rapid rate than does adoption.
8. The first individuals to adopt Innovations require a shorter adoption period

than do relatively later adopters.
9. The awareness-to-trial period is longer than the trial-to-adoption period.
10. The awareness-to-trial period is shorter for relatively earlier adopters than

for later adopters.
11. The trial-to-adoption period is longer for relatively earlier adopters than

for later adopters.
12. Earlier adopters try Innovations on a smaller scale than later adopters.
13. A crisis emphasizes the relative advantage of an innovation and affects

its rate of adoption.
14. The relative advantage of a new idea, as perceived by members of a social

system. affects its rate of adoption.
15. The compatibility of a new idea, as perceived by members of a social sys-

tem, affects its rate of adoption.
16. The complexity of an innovation, as perceived by members of a social

system, affects its rate of adoption.
17. The divisibility of an innovation, as perceived by members of a social sys-

tem, affects its rate of adoption.
18. Relatively earlier adopters may perceive divisibility as more important

than later adopters.
19. The communicability of an innovation, as perceived by members of a social

system, affects its rate of adoption.
20. Adopter distributions follow a bell-shaped curve over time and approach

normality.
21. Earlier adopters are younger in age than later adopters.
22. Earlier adopters have higher social status than later adopters.
23. Earlier adopters have a more favorable financial position than later adopt-

ers.
24. Earlier adopters have more specialized operations than later adopters.
25. Earlier adopters have a type of mental ability different from that of later

adopters.
26. Impersonal sources of Information are more important than personal

sources for relatively earlier adopters of innovations than for later adopters.
27. Cosmopolite sources of information are more important than localite sources

for relatively earlier adopters of innovations than for later adopters.
28. Earlier adopters utilize information sources that are in closer contact with

the origin of new ideas than later adopters.
29. Earlier adopters utilize a greater number of different information sources

than do later adopters.
80. Earlier adopters are more cosmopolite than later adopters.
31. Earlier adopters have more opinion leadership than later adopters.
32. There is considerable shifting of individuals in a social system from one

category to another over time.
33. Laggards are most likely to drop out of the social system.
34. Innovators are perceived as deviants by other members of their social

system.
35. Innovators perceive themselves as deviant from the norms of their social

system.
36. Personal influence from peers is most important at the evaluation stage in

the adoption process and less important at other stages.
37. Personal influence from peers is more important for relatively later adopt-

ers than for earlier adopters.
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38. Personal influence from peers is more important in uncertain situations
than in clear-cut situations.

39. Opinion leaders conform more closely to social system norms than the aver-
age member.

40. There is little overlapping among the different types of opinion leaders.
41. Opinion leaders use more impersonal, technically accurate, and cosmopolite

sources of information than do their followers.
42. Opinion leaders are more cosmopolite than their followers.
43. Opinion leaders have more social participation than their followers.
44. Opinion leaders have higher social status than their followers.
45. Opinion leaders are more innovative than their followers.
46. Each adopter category is mainly influenced by individuals of the same or a

more innovative adopter category.
47. Social system norms on innovativeness seem to determine, at least in part,

the innovativeness of opinion leaders.
48. Differences in innovativeness between individuals are a more important

barrier to the flow of ideas in a social system where the norms are modern than
where they are traditional.

49. The extent of promotional efforts by change agents is directly related to
the rate of adoption of an innovation.

50. Commercial change agents are more important at the trial stage than at any
other stage in the adoption process.

51. Commercial change agents are more important for earlier adopters than
for later adopters at the trial stage.

52. Change agents have more communication with higher-status than with
lower-status members of a social system.

It is not difficult to criticize the wording of most of these generalizations in
terms of (1) their lack of succinctness and (2) their lack of generality. As an

example of the former criticism, consider the generalization that "opinion leaders
have higher social status than their followers." In more succinct terms this
generalization would be "opinion leadership varies directly with social status."
In the case of several generalizations, succinctness was sacrificed for the added
clarity of a more lengthy statement.

The lack of general sociological concepts in many of the generalizations indi-
cates these statements are. at best, in the "middle range" and need to approach
greater generality before they are considered at the level of general sociological
theory. As an example, consider the generalization that "earlier adopters have

mnore specialized operations than do later adopters." Perhaps after further re-
search findings are available from a wider range of contexts, the more general
statement may be made that "innovativeness varies directly with specialization."

FUTURE DIECOTIONS

Many specific suggestions for future research were mentioned in each of the
preceding ten chapters. At this point, only one further methodological recom-
mendation should be made, the need for 'survey experiments" or "field experi-
ments' to test some of the basic generalizations listed in this chapter. There
is a limit to what findings from the usual type of correlational analysis of survey
data can tell us. For example, little of a cause-and-effect nature about innovative-
ness can be definitely determined until a research design with a before-after
measurement with an adequate control is utilized. There are remarkably few
before-after designs with a control that have been used in natural or field condi-
tions, and it is this type of study that offers great promise in testing the present
generalizations under more adequately controlled conditions.

This book is actually the first of two volumes. The second volume can perhaps
be written in ten or fifteen years after the leads for research suggested here
have been followed up and expanded upon.

27. Schon, Donald A. Technology and 'Change: The New Heraclitus. New York, Delacorte
Press, 1967. 267 pp.

INTRODUCTION

We in the United States, besieged by the continual introduction of new
products and processes into our lives, have been quick to accept technological
change as a permanent part of our society and as a form of progress. With
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technological change, we have grown used to technological innovation as a con-
tinuing task of established organizations. We have accepted "research and devel-
opment" as a budget item, an occupational category, a way of life and an
inseparable part of industrial and Government institutions. These ideas are well
on their way to becoming part of what John Galbraith has called our conven-
tional wisdom.

According to well-established principle, when we accept an idea which was
once controversial, we like to forget its origins. We prefer to think of it as
eternal. But the idea of technological innovation as an integral part of corporate
activity is only about fifty years old. The concepts of "science" and "invention,"
as we know them, date from the sixteenth and seventeenth centuries. The con-
cept of organized scientific research is derived from the German universities
of the nineteenth century. Organized invention seems to have come into being
with Edison, around the turn of the century. And fifty years ago the notion that
established corporations should hire scientists and engineers and undertake
systematic inquiry into their own products, materials and processes, with the
aim of improving existing products and processes and developing new ones-the
idea of industrial research-was a strange one.

It is one thing for a craftsman to improve his craft. It is one thing to establish
a business on the basis of an invention made by an independent inventor. It
is quite another thing for businessmen to exploit for business the results of sci-
entific research. It is quite another thing for business to establish a permanent
living arrangement with science, and for scientists, technologists and business-
men, with their very different value systems, to enter into a kind of symbiosis
quite unknown before the twentieth century.

On still another level it is part of the new conventional wisdom that tech-
nological innovation is essential to economic growth and that economic growth-
as expressed by rate of increase in Gross National Product-is a sign of national
economic strength and vitality. New products create new markets. New proc-
esses reduce the cost of existing products, or permit inproved products to be
produced without increase in cost, thereby extending markets.

One of our responses to the problem of the balance-of-payments is to think of
technological innovation as a way of improving our export/import ratio and
fighting off the inroads of foreign competition.

For individual corporations technological innovation has come increasingly
to be recognized as a principal-if not the principal-instrument in intercor-
porate competition. The corporation is seen as a miniature nation: its weapons
are products and processes, its battlefield is the market place, its enemies are
the corporations with which it competes. Behind its walls it produces weapons
and counterweapons, strategies and counterstrategies. On its own level it
recapitulates the national belief that technical innovation is essential to the
waging of this war, which is the very lifeblood of the firm.

This view, which is by now almost universal in American industry, has swept
across industries in waves over, roughly, the last fifty years. What was at first
true only of the chemical and petrochemical industries is now accepted doctrine
in all but a few industries which have yet to undergo their research cycle.

For individuals, at various levels and stations within the corporation, tech-
nological Innovation has become a major task and a main road to upward move-
ment. Creativity, for the scientist, engineer and marketing man, and generalship
In innovation for the manager, now rank with such traditional corporate virtues
as loyalty, steadfastness and financial shrewdness. Increasingly, performance in
the corporation has to do, in one way or another, with invention and innovation.

On all these levels of concern with technological innovation. official interests
are by no means identical with practice. The nation, industry, firm or individual
Is not Innovative because it favors Innovation. According to Galbraith, official
talk about innovation stands In innovation's place. As we will be seeing later on,
the sources of resistance to technological innovation, at all levels, are enormous.
But, again at all levels. the problems concerning Innovation are usually defined
In terms of getting on with it. Technological innovation is something we strive
toward, stimulate, create a climate for, adapt to. Naturally the problems are
formulated differently at each level.

At the level of the individual the problem is "how to become more creative"'
or "how to give inherent creativity more chance to express itself." At the level
of the corporation the problem is how to "have more ships at sea," how to "get
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more out of research," how to "manage innovation" more effectively. For a whole
industry the problems have to do with "encouraging innovation in individual
firms" or with "becoming more effective in joint technological effort." For the
nation as a whole the problems have to do with:

Creating a climate in which industrial technological innovation will flourish;
Encouraging Industrial growth, based on innovation, in the regions, particu-

larly the depressed regions, of the country;
Finding ways to help industry meet the challenges of foreign competition

and markets;
Coping more effectively with the consequences of technological innovation-

the dislocations produced by it; and
Increasing national effectiveness in technological innovation essential to

defense and other international contests.
In the following chapters we will try to understand something of the process

and problems of technological innovation in the industrial corporation, in indus-
tries and in American society as a whole. At each level of analysis, we will find,
well embedded in the conventional wisdom, a rational Parmenidean view whose
function Is to place technological change within a stable state:

A rational view of invention as an orderly, plannable process;
A rational view of innovation as a manageable function of the firm;
A view of technological change as occurring within well-defined industrial

boundaries; and
A view of technological change in society as a part of a Technological

Program, extending in orderly progress from the eighteenth century to
the present time.

But we will also find aspects of the process of technological change which
resist these rational models. These Include:

the nonrationality of invention;
the nature of innovation as a process of converting uncertainty to risk;
the pattern of interindustry invasion and its consequences;
the undermining of the values of the Technological Program.

The analysis will bear on invention and innovation within the corporation, on
a national climate for Innovation and on our way of confronting the conse-
quences of technological change.

Accordingly, this book addresses itself first to the process of invention, then
to technical innovation in industrial corporations, to patterns of technological
change in industry, and finally to the consequences of technological change for
our social objectives and norms.

This book is principally about American industry. Insofar as it is concerned
with technological innovation, however, it could have focused on other social
systems-medicine, for example, or agriculture--whose patterns of innovation
have much in common with those of Industry. And in its concern with the dis-
ruption of the stable state and the need for values for the process of change, it
could have centered on other institutions-the family, universities or Government,
for example-which share these patterns and needs with industry. The choice
of Industry as the central theme reflects my own experience. But my effort will
be to present the dynamics of industrial change as a metaphor for change in oursociety as a whole.

28. Science Policy Research Unit. University of Sussex. Success and Failure in Industrial
Innovatioa : Report on Project SAPPHIO. London, Centre for the Study of Industrialinnovation, 1972. 36 pages.

PRINCIPAL FINDINGS OF PROJEcT SAPPHO

THE PROJECT

Project SAPPHO is a study of the innovation process in two science-based
sectors of industry. It was conceived as a systematic attempt to identify and
evaluate the factors which distinguish innovations which have achieved com-
mercial success from those which have not. Existing studies deal almost exclu-
sively with innovations that were commercially successful, although observation
shows that in reality attempts at innovation are frequently unsuccessful. It was
therefore thought worthwhile to attempt a study of failed innovations alongside
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parallel successes.' There is an abundance of literature on the subject of innova-
tion, largely hypothesising about the conditions under which it flourishes. The

hypotheses put forward cover almost every conceivable aspect of the innovation
process, and some of them conflict. Typically, studies of innovation have high-
lighted "single factors" in the process, on which the ultimate success is believed
to have hinged. Accepting that innovation is a complex sequence of events,
involving scientific research as well as technological development, management,
production and selling, it was felt that these single factor interpretations were
less than satisfactory, and that allowance should be made for multi-factor expla-
nations. Furthermore, it was considered that insufficient attention had been given
to inter-industry differences and that in consequence generalisations had been
made that might not apply to all sectors of industry.

THE RESULTS

The results show clearly that the attempt to search for explanations involving
more than one facet of the innovation process is justified. The differences observed
between the successful and unsuccessful innovations cannot be explained by

superiority in any one aspect of the process. To this extent SATIPHO differs from
the majority of previous studies. The clear-cut differences within pairs which do

fall into a consistent pattern distinguishing between success and failure can be
summarised in five statements:

1. Successful innovators were seen to have a much better understanding of

user needs.-They may acquire this superiority, in a variety of different ways.

Some may collaborate intimately with potential customers to acquire the neces-
sary knowledge of user requirements. Others may use thorough market studies.
However acquired, this imaginative understanding is one of the hallmarks of

success. Conversely failures often ignore users' requirements or even disregard
their views.

2. Successful innovators pay much more attention to marketing.-Failures
were sometimes characterised by neglect of market research, publicity and user
education, and the failure to anticipate customer problems.

3. Successful innovators perform their development work more efficiently than

failures, but not necessarily more quickly.-They eliminate technical defects

from the product or process before they launch it. They usually employ a larger

development team on the project, and spend more money on it. This applies even
where the successful firm is smaller.

4. Successful innovators make more effective use of outside technology and

scientific advice, even though they perform more of the work in-house. They have

better contacts with the scientific community not in general but in the specific
area concerned.

5. The responsible individuals in the successful attempts are usually more

senior and have greater authority than their counterparts who fail.-In the instru-

ment industry they have more diverse experience, often including experience

abroad. The greater power of the individual innovators in the successful attempts

facilitates the concentration of effort on the scale which is needed as well as the
integration of R&D and marketing.

The results of testing existing hypotheses on the SAPPHO data must be

considered in the light of the main finding, that no single factor can by itself

explain the success-failure difference. However, some of the previously advanced
single factor explanations are supported by Inclusion in the group of capabilities

that appear to differentiate successful attempts from unsuccessful ones. These in-

clude those hypotheses which relate success to market awareness and marketing

effort, those which emphasize the importance of individuals, particularly with

managerial responsibility, and those hypotheses which relate success to R&D

capability and efficiency, and which have stressed the importance of effective

communications. both internal and external, in innovating firms. The results
do not support the belief that size of firm is a determining factor, that successful
innovation results either from strong or weak market positions, that greater

familiarity with the technology or the market is a necessary ingredient, or

that successful innovators take larger (or smaller) risks than unsuccessful

I An earlier study by the Centre for the Study of Industrial Innovation (On the Shelf,

1971) dealt with R&D projects which were shelved. SAPPHO deals with "failures"
which were taken a stage further, i.e.. reached the point of commercial launch and
usually were on the market for several years.



91

ones. It is encouraging to find that there is broad agreement between these
results and those of two earlier studies in other industries, those of Carter and
Williams ' and Marquis and Myers.3

The results should not be looked upon as a recipe to ensure automatic
success for innovators who apply it. Indeed many of the factors which dis-
tinguish success from failure are not of a kind which are easily created within
a firm, at least in the short run. An analogy with football may help to clarify
the situation. Both in football and in component industrial innovation there
will always be winners and losers. This is the nature of the game.4 Knowledge
of those factors which are conducive to success may 'lead some firms and some
football teams to succeed more often than others by applying this kind of
knowledge. But their competitors will also learn, so that circumstances are
constantly changing and the end-result may simply be an improvement in the
standard of "play" all round. The managers of football teams mostly know what
their teams ought to do in order to win, but the factors which they are striving
to control are not easy to manipulate and they certainly cannot guarantee
success in any particular game. What can be much more positively asserted is
that a team which has not learned to adapt its tactics and level of fitness to con-
temporary standards will find itself dropping to the bottom of the League table.
To learn the "rules" of innovation management may sometimes lead to well-
earned success, depending upon the relative efforts of competitors and an
element of chance. Not to know the "rules" or to apply them is likely to have the
opposite effect. However, even where no competition is involved, technical and
market uncertainties are such that failures will continue to occur.

29(a). U.S. Congress. Joint Economic Committee. U.S. Economic Growth from 1976 to
1986: Prospects, Problems, and Patterns. Vol. 1. Productivity. Washington, U.S.
Governmejt -ran ing office, 1976, 56 pages. At head or title: 94th Congress,
2d session. Joint Committee Print.

PRODUCTIVITY TRENDS AND PROSPECTS

(By John W. Kennedy)'

For more than half a century, productivity advance has accounted for more
than half of the growth in real gross national product in the United States. The
rest was due to increases in inputs of resources-labor, manmade capital goods,
and natural resources-when these are measured without adjustment for quality
improvements. But since productive resource inputs have risen little, if any,
faster than population, all of our increases in planes of living, defined as real
income or product per capita, have been due to productivity advance. It is, there-
fore, of the utmost importance to pay special attention to the productivity factor
in analyzing past economic growth and in assessing prospects for the future.

Looking ahead, I would expect the rate of increase of total factor productivity
in the U.S. economy as a whole in the decade 1975-76 to 1985-86 to be somewhat
above the 1.7 percent rate of 1966-73. In part, this would reflect the move from
cyclically depressed rates of utilization of capacity currently to more efficient
rates, assuming 1985-86 is a period of relatively high-level, or even average,
activity.

More fundamentally, it reflects the lifting of some of the negative forces affect-
ing productivity in recent years, particularly 1966-70, as reviewed below.

Abstracting from cyclical forces, however, I would expect that the trend-rate
of total factor productivity advance in the next decade would be modestly below
the 2.4 percent rate of the 1948-66 period. Basically, this would reflect a bit
slower growth of R&D: slower productivity advances in extractive industries,
and particularly in production of energy materials; and somewhat lesser oppor-
tunities for economies of scale as economic growth generally slows' down some-
what as the growth of the labor force decelerates in the 1980's. There will be

2 Carter, C F and Williams, B R, "Industry and Technical Progress," Oxford, 1957.
3 Marquis, D a and Myers, S, Successful Industrial Innovation, National Science Founda-

tion, 1970.
4Circumstances might conceivably be different in a socialist non-competitive economy

insulated from the world market.
5 Professor of economics (on leave), the George Washington University; currently chief

economist for the U.S. Department of Commerce.

56-367 0 - 81 - 7
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some offset to these negative factors as the proportion of investments and costs
devoted to antipollution, health and safety, and energy conservation stabilize or
possibly decline, and as a productivity payoff from these programs emerges.

The rate of increase in output per man-hour in the decade ahead may well
equal the longer run trend-rate of somewhat better than 3 percent a year, on
average. This more optimistic assessment of prospects for labor productivity
relative to total factor productivity is based on the expected retardation of labor
force growth in the years ahead. The U.S. Department of Labor projects a
1.2-percent average annual rate for 1980-85. compared with about 2 percent for
1966-73. Assuming that saving and investment propensities are maintained at
their past levels, this means that capital per worker will grow significantly faster
in the latter part of the decade ahead. Since the rate of increase in output per
man-hour is positively correlated with real capital per man-hour, the growth of
labor productivity should accelerate relative to the growth of total factor produc-
tivity. Thus, real income per worker may be expected to grow in line with past
secular trends, assuming that average hours worked per year do not drop faster
in the future than they have in the past.

PRODUCTIVITY

(By Edward F. Renshaw)'

SUMMARY

In this paper we will first consider productivity from the perspective of such
important dimensions of economic and technological progress as speed, scale,
and the efficiency of converting energy into useful effects. We wvill then examine
the recent productivity slump and the prospects for further improvements in pro-
ductivity from the perspective of new technology and such basic economic inputs
as labor, capital, energy, agricultural, and pollution control expenditures

Productivity until fairly recently has been almost synonomous with improve-
ments in output per man-hour. As we near the limits of technological progress,
however, it will not be possible to increase one kind of productivity without a
sacrifice of some other kind of productivity. In the future much more attention
will have to be paid to the productivity of other factors of production such as
energy and capital even if it means a fairly substantial sacrifice in the growth
of labor productivity. Natural resource scarcity, in the final analysis, is oat only
a serious problem at the present time but may very well constitute mankind's
most enduring problem. After 2 years of rather inexcusable procrastination Con-
gress has finally passed a major energy bill. While this bill can be considered a
step in the right direction, much more can and should be done to encourage en-
ergy conservation and to reduce our consumpttion of domestic oil and gas-
two of our most valuable and scarcest resources-both of which will be largely
exhausted before the turn of this century.

The recent slump in productivity has not only helped to reveal a serious food
and energy problem but has also helped to Initiate a new and rather virulent
type of cost-push inflation which could get worse as the U.S. economy returns
to a condition of full employment and productivity again slumps back to a more
depressed rate of increase that will gradually decline to zero and perhaps even
become negative on the average before the turn of this century.

Our knowledge with regard to how to promote improvements In productivity
is rather meager and, In terms of certainty, about on a par with our knowledge
of how to control inflation. The large amounts of unemployed resources which
now exist in the United States and the high degree of positive association which
has existed over time between changes in productivity and changes in total out-
put would suggest, however, that the most effective way to increase productivity
in the next year or two will be to adopt those fiscal, monetary, price and wage
measures that are likely to be the most effective at reducing unemployment

As one moves from a concern over macroeconomic policy to a consideration of
microeconomic measures it seems clear that there are many actions which Con-
gress could take to improve the efficiency of resource utilization. It is rather
difficult and perhaps even dangerous to generalize, however, since the various
sources of improved productivity are not really independent of each other.

I Professor, Department of Economics, State University of New York at Albany.
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Modern aircraft are noted for speed but would never have risen from the ground
without the invention of more efficient internal-combustion engines that can be
scaled up to an almost unbelievable horsepower rating. Education is certainly
important but if additional expenditure for vocational education simply prepared
young men and women with outmoded skills for jobs that do not exist it might
be counterproductive.

One would hope that additional spending on R. & D. might increase produc-
tivity but again one can't be very confident. In the health field the rapid increase
in public spending seems to have been much more effective at increasing hospital
costs than human life expectancy. It seems clear that we do need substitutes for
naturally occurring oil and gas. There is a possibility, however, that the Federal
GovernmeDt's huge prospective investment in new coal gasification technology
may have already been rendered obsolete by prospective improvements in electric
heat pumps. About all that one can say with confidence is that each and every
proposal and strategy for improving productivity must be carefully analyzed on a
case-by-case basis.

While the National Commission on Productivity and Work Quality has done a
reasonably good job of highlighting areas where productivity can be improved,
there is a larger sense in which the promotion of productivity can be considered
too encompassing, too complex, and too important to be left to one small Com-
mission. In the remainder of this decade, I would hope that Congress will re-
examine all of its own expenditure programs, our national tax system, and the
numerous Federal regulatory bodies that may now be inadvertently fostering in-
efficiency and impeding gains in productivity that are socially desirable.

Since the substitution of one input for another is likely to be of even greater
Importance in the future than it has been in the past, it would be my guess that
the great political controversies of the next decade will continue to center around
instances of either too much productivity or not enough of the right kind of
productivity. Productivity in the municipal bond underwriting profession, for
example, has been so high in recent years as to not provide investors with ade-
quate protection against hidden operating deficits and a rather serious problem
of unfunded pension liabilities.

29(b). U.S. Congress. Joint Economic Committee. U.S. Economic Growth from 1976 to1986: Prospects, Problems, and Patterns. Vol. 9. Technological Change. Washing-ton, U.S. Government Printing Office, 1977. 61 pages. At head of title: 94thCongress, 2d session. Joint Committee Print.

THINKING ABOUT TECHNOLOGY POLICY FOR THE COMING DEcAD&E

(By Nathan Rosenberg) 1 2

SUMMARY

The economic conditions which are likely to encourage innovative activity
need to be more strongly emphasized. In our recent preoccupation with the con-
tribution of technological progress to economic growth, there has been a serious
neglect of the reverse relationship-the contribution of economic growth to tech-
nological progress. There seems little doubt that that contribution has been a
powerful one in the past-that expectations of high rates of future economic
growth have provided highly favorable environments to the willingness of indi-
viduals to commit resources to those activities which generate technological
progress. Moreover, such favorable expectations have not only influenced the de-
cision to commit resources to inventive activity; they have also positively influ-
enced the adoption decision concerning inventions, once such inventions have been
successfully developed. New technologies exercise their impact upon the produc-
tivity growth of the economy, not as a function of the volume of resources com-
mitted to the. search process or even the actual achievement of new inventions.
Rather, that impact is a function of the speed with which the new technology
is diffused throughout the economy. New technologies generate productivity

growth only to the extent that they are actually incorporated into the economic

1 Professor of economics. Stanford University.
I have had the benefit of useful discussions on a variety of relevant matters with MosesAbramovitz Richard N. Cooper, Stanley Engerman, Victor Puchs, Hans Mark, DavidMowery, Richard R. Nelson, and Raymond Vernon.
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life of the society. In this sense it is the decision to adopt which is critical. Such
decisions are, in turn, highly sensitive to expectations concernng market condi-
tions and, in particular, to expectations concerning the adequacy of the demand
for the product. Innovative activity, therefore, is not likely to flourish in a stag-
nating or slowly-growing economy with a substantial unemployed or underem-
ployed labor force and an underutilized capital stock. Under these conditions the
incentive to undertake inventive activity or to adopt new inventions will be weak
and the incentive of workers to oppose the introduction of inventions, especially
labor-saving inventions, will be strong. Measures on the macroeconomic level
which will assure a sustained high level of economic activity will therefore
strengthen both the incentive of business to introduce inventions as well as the
willingness of workers to make the necessary accommodations involved in their
introduction.

In some respects public policy toward technology may be much more effective
if it addresses itself energetically to more modest goals and issues in addition to
the big ones. In our preoccupation with the big questions we tend to neglect the
fact that there are literally hundreds of things which we can do now, with our
present technology, to achieve important goals. For example, while no one of the
many ways in which we can, with our present technology, reduce our utilization
of fuel, will be highly significant to our aggregate utilization, cumulatively these
measures would be enormously significant. Getting people to respond to these
present possibilities for fuel savings requires a combination of forceful political
leadership together with the willingness to introduce incentives into our eco-
nomic life to induce people to reduce fuel consumption-smaller cars with less
"performance," more extensive use of home insulation materials, substitution of
glass bottles for aluminum beer cans, etc. At the same time, recent experience
strongly suggests the desirability of a government technology policy involving
the development of a greater capacity for shifting to alternative sources of mate-
rial supplies in various areas, so that we will retain a potential for more flexible
policy responses to changing conditions. Such flexibility is likely to be particu-
larly Important in activities where long lead times are involved. This necessity
is, obviously, likely to become greater in an international environment where
access to vital raw materials can be manipulated in response either to political
considerations or the prospect of exploiting a monopolistic or oligopolistic ad-
vantage in world markets.

A point which requires great emphasis is that technological change and its as-
sociated productivity improvements enter the economy through many doors and
take a wide variety of forms. Moreover, the location of these doors to shift period-
ically, so that any rigid mapping of the most significant relationships is bound to
become outmoded over time-and not very long periods of time at that. It is of
basic importance to the formulation of policy to recognize explicitly his diversity
of routes and forms by which technological changes lead to improvements in
productivity. Our failure to appreciate this diversity is due to a variety of causes:
to the small size of individual improvements, to a frequent preoccupation with
what is technologically spectacular rather than economically significant, and to
the inevitable, related difficulty which an outsider has in attempting to appreciate
the significance of alterations within highly complex and elaborately differen-
tiated technologies. Finally, although we are becoming increasingly aware of the
dependence of technology upon science, we are much less aware of the depend-
ence of science upon technology. It needs to be remembered that progress in the
realm of science is and always has been highly dependent upon technological im-
provements which enhance our capacity to observe and to experiment. This is
particularly true in the realm of instrumentation. Our present knowledge of the
natural world, ranging from microbiology on the one hand to cosmology on the
other, would have been inconceivable without the microscope and telescope and
the improvements which continue to be made in our observational capacities
through further modifications of these instruments.

In spite of the enormous contribution which technological change has made to
our economic well-being, it is extremely important that w-e should not think of it
as a potential "fix" for all of our economic problems. The effective formulation
of national policies can only be jeopardized by such excessive expectations. This
is so not only because we will inevitably be disappointed and frustrated, but
because, by placing excessive faith in the prospect for purely technological solu-
tions, we will fail to explore other measures and alternatives which may offer
greater, or more immediate, prospects for success.
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TECHNOLOGICAL CHANGE AND FUTURE GROWTH: ISSUES AND OPPORTUNITIES

(By Joseph F. Contes) 1 2

SUMMARY

Over the next three decades we may anticipate major technological advances
and changes in American society in the area of electronics, automation, informa-
tion handling, food, and biological manipulations, as well as in the more common-
place areas of industry, commerce, and domestic devices. Dominant elements driv-
ing these changes are fundamental shifts in the availability of energy and mate-
rials, which will stimulate major innovation in -substitutions, extended service
life, and easier maintainability; and the increasing role of science as a well-
spring of new technologies. Furthermore, the movement of U.S. society into a
post-industrial society with its emphasis on knowledge based industries will stim-
ulate major shifts in the nature and location of work, land use, and information-
associated technologies. This will be accompanied by a flourishing of social, insti-
tutional, and psychological technologies.

Market forces will play a dominant role in the realization of these new techno-
logical developments. In addition to these forces, technological needs and oppor-
tunities will arise which lie outside the market system, such as developments
with regard to geophysical manipulation, earthquake control, and weather
modification.

The principal role of government in assuring continuing benefits from tech-
nology is guiding the socially effective interplay of the basic variables: land, labor,
capital, resource availability and knowledge. To be socially useful, the interplay

must be future-oriented, flexible, and information driven. One specific role for
government is setting reliable boundary conditions on private and public endeav-
ors with some clarity and incisiveness to permit market and non-market forces
to operate. Put differently, a principal role for government is the more effective
management of uncertainties with regard to future potential opportunities and
risks in order to encourage new and needed developments and innovations.

A principal limitation on technological and scientific decisionmaking is the
inadequacy of knowledge gathered and organized for the purpose of illuminating
public policy. Meeting these information needs is a second specific role for gov-
ernment. Since most information is collected for other purposes, modifications
which explicitly generate and collect policy-related information would effect a
major improvement in public and private decisionmaking.

The wider practice of the concept of technology assessment as a means to better
understand options, alternatives, and consequences for technology should be en-
couraged in and out of government.

Many major regulatory agencies of government reflect needs and problems dec-
ades old which are no longer of primary importance. A third specific role for
government in guiding technology, the reform of the regulatory agencies through
their restructuring, offers major opportunities for more effective management of
technology. Primary candidates for this specific role of government include agen-
cies regulating communications, drugs, banking, securities, energy, health care,
transportation, and marine and oceanographic affairs.

The fourth major role for government, research and development, should be
driven by several convergent factors. There are opportunities for new and ex-
panded technological developments with regard to: (a) The wiring of metropoli-
tan and rural areas for fuller telecommunications; (b) the introduction of major
new energy sources such as solar, geothermal, and ocean technologies; (c) the
reformulation of education technologies, welfare, and health delivery systems;
and (d) the reconstruction of cities and other habitats. Furthermore, the eco-
nomically mature society implies not less but different technology emphasizing:
social and biological as well as physical technology; personal improvement and
fulfillment, and accomplishing more with less. There are also numerous problems
of a high-growth society such as the propensity to maximize bureaucratic effm-
ciency at the expense of social effectiveness; alienation of workers; adverse
effects of excessive size and integration; societal needs not accommodated by
market forces, and the negative side effects of technology. Each of these clusters
of problems and opportunities could be profoundly influenced by research and
experimentation.

Assistant to the Director, Office of Technology Assessment, U.S. Congress.
The material in this paper is the responsibility of the author and does not represent the

position of any government agency or the U.S. Congress.
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30. U.S. Congress. Joint Economic Committee. Subcommittee on Priorities and Economy
in Government. Priorities and Efficiency in Federal Research and Development: A
Compendium of Pjaers. Washington, U.S. Government Printing Office, 1976, 115
pages. At head of title: 94th Congress, 2d session. Joint Committee Print.

THE RELATIONSHIP BETWEEN DEFENSE-RELATED AND CIVILIAN-ORIENTED RESEARCH
AND DEVELOPMENT PRIORITIEES

(By Lester C. Thurow)

X. CONCLUSIONS

There are a variety of actions that could be taken to strengthen the system
of research and development in the United States.

(1) Research and development expenditures should be broken into three broad
categories-basic capabilities, mission orientated, and massive mobilization.

(2) Funds for basic capabilities should be spent on analysis of how much
it costs to keep enough R. & D. personnel in an area to be aware of any break-
throughs that might occur and to be able to expand rapidly should each break-
through actually occur. Instead of allocating funds to traditional disciplines,
funds should be allocated across life sciences, agricultural sciences, environ-
mental sciences, material sciences, energy sciences, behavior sciences, logical
sciences, space sciences, and equipment sciences.

(3) Funds for mission oriented research should be spent based on the modi-
fied cost-benefit analysis outlined above. Every project should have ranges of
possible benefits and costs along with an estimate of the maximum possible
benefit. Wherever possible there should be ranges of costs and benefits estimated
by more than one individual or group. Since it is not possible to make analytical
comparisons across non-commensurate objectives, mission oriented research
should be broken into four types-national independence, life saving, economic
goods and services, and non-economic quality of life goods and services.

(4) Massive mobilization research will be funded in accordance with what-
ever is necessary to achieve the goal over time and in accordance with efflcient
expenditure rates at any point in time. But massive mobilization research will
seldom occur and it will never occur if the basic scientific knowledge does not
exist to be relatively confident of success within a 5 to 10 year time period.

(5) Spinoffs and economic multipliers should always be ignored in allocat-
ing R. & D. expenditures.

(6) Institutional constraints need to be taken into account in allocating
R. & D. expenditures. Unless you are going to improve railroad roadbeds there
is no sense in spending money on developing fast trains.

(7) Some procedure must be developed to overcome the learning curve exter-
nality in the non-military non-medical part of the R. & D. budget. The best tech-
nique would probably be to continue public R. & D. expenditures further along
the development path but to them insist that all production data and processes be
made publically available.

(8) Cost-reduction R. & D. is probably being slighted in favor of new product
R. & D. Here again the problem can probably only be solved by changing the
current de facto proprietary rights of those who might be hired to do the cost-
reduction research. Whatever information is generated must become much more
publicly and quickly known if this research is to overcome the political obstacles
that it currently faces.

SENATE PROCEDURES FOR AUTHORIZING MILITARY RESEARCH AND DEVELOPMENT

(By Louis Fisher)

IV. CONCLUSIONS

Members of the Senate Armed Services Committee have spoken openly of their
need for adidtional assistance. During hearings in 1969 Senator Barry Gold-
water stated that the Committee lacked time to scrutinize Pentagon requests:
"We need help on it." a Staff members who presently assist the R&D Subcommit-
tee speak candidly of the frustration they feel in trying to discover an adequate
handle to analyze budget requests.

a The Military Budget and National Economic Priorities (Part 2), hearings before the
Joint Economic Committee. 91st Cong., 1st Sess., 471 (1969).
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Frequently it is proposed that Congress acquire additional staff capability.
CED, for example, recommends that Congress establish an office to assist in the
review of the defense budget and weapons programs.6 Such proposals are re-
ceived skeptically by the congressional staff presently responsible for defense
authorizations. Recent years have brought a dramatic increase in legislative
staff, including the greatly augmented responsibilities of the General Accounting
Officee and the Congressional Research Service, the new Office of Technology
Assessment, and the resources available from the newly created Budget Com-
mittees and the Congressional Budget Office. The feeling runs deep that Con-
gress, at least for the time being, has reached a saturation point.

Assistance at this point must come in a form that eases the burden and simpli-
fies the task. Whether studies are conducted by existing staffs, a new permanent
office, or a temporary commission, there must be appreciation and sensitivity for
the intense schedule that already presses upon congressional committees. While
the number of reports and analyses may climb without limit, the day remains
fixed at 24 hours.

SOME OBSERVATIONS ON THE 1EFFECTIVENESS OF FEDERAL CIVILIAN-ORIENTED
RESEARCH AND DEVELOPMENT PROGRAMS (FC/R. & D.)

(By Albert H. Rubenstein)

5. CONCLUSIONS AND RECOMMENDATIONS

The issue of measuring or even qualitatively assessing the effectiveness of Fed-
eral Civilian-Oriented R. & D. (FC/R. & D.) is far from a matter of merely col-
lecting existing data and performing some statistical analysis to see if the output
justifies the input. There are some severe conceptual. measurement, and value
problems that must be addressed before such measurement or assessment can be
done effectively.

Conceptually, the problems involve an analysis of the total R. & D./Innovation
process, including its involvement with the social subsystems and supersystems
which it is intended to serve or which it serves inadvertently. This means that the
various stages of outputs described in this paper require careful study and differ-
entiation in terms of what credit (or blame) the R. & D. part of the process de-
serves for its contribution. Then there is the related issue of accounting for the
other important inputs to the social systems, including political as well as eco-
nomic inputs. This is crucial, since political and administrative decisions on
whether and how to stimulate or inhibit the flow of the innovation process from
laboratory to user play a decisive role in whether any ultimate results are
achieved.

Measurement problems are also severe for a number of reasons. One is that the
entities or events which constitute the potentially measureable output of the
R. & D./Innovation (R. & D./I) process vary widely in size, form, detectability,
directness, and other characteristics. Decision on a unit of measurement is a task
that has defied many efforts over the past few decades to assess the outputs of the
R. & D./I process. Given that some units can be agreed upon (e.g., number of new
products in the intermediate stages or increase in employment at more ultimate
stages of the total process) there is the fundamental problem of imputing to a
given input in this complex process the proper quantitative share of credit for out-
puts from the overall process or the various stages in the process. This is particu-
larly important in a process such as R. & D./I, where many inputs are necessary
to achieve useful results and none of them is sufficient to achieve them alone.

Finally, the value questions are perhaps as complex and ill structured as the
measurement and conceptual problems. To what extent is the society willing to
spend federal funds to support and encourage a process which has the potential.
in addition to helping society at large, for helping some individuals and organiza-
tions to benefit greatly from involvement in it (e.g.. the entrepreneurs and the
venture capitalists). Is the society willing to have funds earmarked for a particu-
lar social mission contribute to outputs in another sector. If the answers to these
value questions are affirmative, then the budgeting, planning, programming, man-
agement, and incentive structure of our FC/R. & I). programs should be made
consistent with these values.

6 Committee for Economic Development, Congressional Decision Making for National
Security/, September 1974, at 24.
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These comments lead to a few specific recommendations which are in an area of
joint decision and action by Congress and the Administration:

1. Clearer guidelines should be established and enforced on how far along
the R&D/Innovation continuum (lab to market place) the Federal Govern-
ment is willing and able to encourage and influence the R&D/I process

2. If further real involvement in the process is desired on the part of
Federal civilian agencies, the legislation, regulations, funding, and reward
structure should reflect these desires.

3. Instead of an occasional investigation or quick inquiry into the effec-
tiveness of the FC/R&D process in producing useful outputs for society, a
continuous, systematic audit should be established to provide guidance on
how the R&D/I process is working in various sectors and what changes
are needed to make it more effective.

None of the recommendations mentioned above can be easily done with the
flick of a wrist or the announcement of intentions. The size and complexity of the
system, with all its inherent uncertainty and time lags, requires that a well-
funded, competently-staffed effort is needed to specify the exact changes that
are needed in regulations, legislation, operating procedures, and innovation cli-
imiate to increase the effectiveness of FC/R&D. Clues to many of the factors
involved are given in this paper, but their incorporation into a workable pat-
tern will take a lot of hard work over an extended period, if the situation is to
be improved significantly. As a result of the many experiments and studies sup-
ported by the ETIP program of the National Bureau of Standards and the RDI
program of the National Science Foundation, there is much information accumu-
lating on the barrier to improved effectiveness of FC/R&D. This information
needs to be sorted out, integrated, and utilized in improved design of the process.

THE RELATIONSHIP BETWEEN FEDERAL, STATE, AND LOCAL GOVERNMENT SUPPORT
FOR RESEARCH AND DEVELOPMENT

(By William D. Carey)

CONCLUSIONS

Research and development are, at the present time. peripheral aspects of inter-
governmental relations. Trace elements of the massive Federal involvement in
science and technology can be detected in the operations of State and local gov-
ernments, and patches of State and local awareness and activity appear here and
there are exceptions to the general picture of low R&D vitality. Through the
persistence of the National Science Foundation, however, the institutional
capabilities of State and local government for coping with scientific and technical
aspects of problems of choice have been significantly upgraded.

Where to go from here is the tough question. Throwing R&D dollars at State
and local governments as an impulsive act of faith cannot be justified as a policy
choice. The flow of general revenue sharing has turned up no evidence that
State and local decisionmakers viewed investment in R&D as a priority use of
discretionary revenues. The managerial capacity of most State and local govern-
ments for planning and executing R&D are not such as to inspire high confidence.

The assumption continues to be workable, however, that the pyramiding
dilemmas and frustrations of State and local government can be relieved if the
R&D resources of the Federal Government can he coupled in a productive way
with the State and local users. This writer believes that if process is emphasized
as the key to intergovernmental relations in R&D a productive role for State
and local governments can be carefully worked out over time. We have been
emphasizing the wrong things-R&D as a self-fulfilling prophecy. State and
local spending on R&D, and technology transfer as a species of Federal surplus
proprty disposal. We do not have much to show for it to date, nor any reason
to expect better results in the future.

If the objective is to expedite and increase the diffusion of know-how and
technology through intergovernmental arrangements, some barriers will have
to come down and some catalysts be provided. One barrier is the idea that
"R&D" means high technology; in the case of State and local government
it is more likely to mean low or intermediate technology. A second barrier is the
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sparse representation of State-local operating experience in Federal R. & D.
agencies. A third is the lack of incentives for Federal agencies to assign strong
weights to State and local needs and preferences, relative to Federal mission
requirements, in shaping R. & D. programs. A fourth is the poor-to-moderate
capacity of many State and local governments for judging the risks and benefits
ol' applied science and technology, and the inadequate resources of National
Science Foundation for improving their capacities. And a fifth barrier is the
resistance at tne r ederal level to making the technical services of its laboratories
and technology centers generously available to State and local governments for
joint R. & D. and problem solving.

In the long run, the largest benefits of Federal R. & D. will result from enabling
State and local governments to exercise meaningful leverage on the Federal
Government's outlays for R. & D. in the civil areas. If this is going to happen, a
process must be introduced which gives the States and localities an effective voice
in programing. This requires leadtimes of 1 to 3 years, and even longer waiting
times for the results to be evaluated and put into practice. If this does not come
as good news, there is no help for it. R. & D. have time cycles which must be
understood, even by elected officials who want answers in time to impress the
voters. Intergovernmental relations in R. & D. are different from other kinds of
intergovernmental relations, and the reason for it is found in the built-in uncer-
tainty of research and development. Perhaps this has a lot to do with the unim-
pressive performance of R. & D. as a fast-response remedy to social problems.
Put very simply, R. & D. comes under the head of investment, not current
expense. By leveraging the Federal investment, State and local governments
can expect deferred but potentially high yields.

In the shorter run, intergovernmental policy strategies should emphasize a
variety of catalysts for the diffusion of R, & D. into and among State and local
governments. Primary among them is the strengthening of know-how and
analytical capacity in the Governors' planning offices and in the legislatures.
of State Legislatures, regional cooperative consortiums of States and cities, and
providers, such as the Science and Technology arm of the National Conference
of State Legislatures, regional cooperative consortiums of States and cities, and
PTI, are solid candidates for further support and diverstification with the role
of the National Science Foundation being augmented by ERDA, EPA, and
HEW. The potential of the Federal R. & D. centers as catalysts for technical
assistance should be recognized and legitimized as a strong and geographically
dispersed capacity in-being for regional public service. Taken together, these
combined actions would constitute a pragmatic and low-cost start towards assem-
bling the elements of an intergovernmental relations strategy for R. & D.

FEDERAL SUPPORT OF R. & D. ACTIVITIES IN THE PRIVATE SECTOR

(By Edwin Mansfield)

14. SUMMARY AND CONCLUSIONS

In conclusion, the federal government supports R. & D. in the private sector in
a variety of ways. In 1974, the federal government financed about $8 billion of
R. & D. carried out by firms, about $3 billion of R. & D. carried out by colleges and
universities, and about $1 billion of R. & D. carried out by other nonprofit or-
ganizations. (Of course, some recipients, such as State universities, are not in the
private sector.) Much of the R. & D. performed by the private sector for the
federal government is directed toward technological change in public goods like
defense and space exploration, not toward private-sector problems. The rationale
for federally financed R. & D. directed at private sector problems is generally
that the private costs and benefits from R. & D. do not adequately reflect the social
costs and benefits. Besides its contracts and grants, the federal government also
supports and encourages private sector R. & D. through the patent laws, the tax
laws, some aspects of regulation, the antitrust laws, federal programs to transfer
technology, and its educational policies. There is no way to put an accurate dollar
figure on the amount of support from these activities.

Due to the inappropriability, uncertainty, and indivisibility of R. & D., an un-
der-investment in R. & D. may occur in the private sector. But this may be offset,
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partially or fully, by oligopolistic emphasis on nonprice competition, by existing
government intervention, or by other considerations. Based on simple methods,
economists have attempted to estimate social rates of return from various kinds
of investments in R. & D. and technological innovation, both in agriculture and
industry. The results seem to suggest that both the marginal and average social
rates of return have been very high. and many economists have interpreted these
results as evidence of a possible under-investment in R. & D. However, these esti-
mates suffer from many important limitations, and should be viewed with
caution.

There are a variety of ways that the government might stimulate additional
R. & D. in the private sector-tax credits, R. & D. contracts and grants, expanded
work in government laboratories, loan insurance for innovation, purchasing pol-
icies with greater emphasis on performance criteria and life cycle costing, altered
regulatory policies, and prizes. An important problem with a general tax credit is
its inefficiency ; an important advantage is that it involves less direct government
controls. An important problem with more selective support mechanisms is that
it is so difficult to estimate in advance the social benefits and costs of particular
types of R. & D. projects. In my own opinion, if a program of this sort were
started, and combination of selective and more general forms of support would be
most effective.

Although many economists suspect that there may be an under-investment in
certain areas of civilian technology, there is at the same time some concern that
the federal government, in trying to improve matters, could do more harm than
good. In this regard, it seems to be generally agreed that any selective program
should be neither large-scale nor organized on a crash basis, that it should not be
focused on helping beleaguered industries, that it should not get the government
involved in the latter stages of development work, that a proper coupling be
maintained between technology and the market, and that the advantages of
pluralism and decentralized decision-making be recognized.

In previous sections of this paper, I have discussed (all too briefly) a variety
of policy alternatives that have been suggested for improving the existing federal
posture concerning civilian technology, as well as the broad issues that bear on
the relative desirability of many of these policy alternatives. Perhaps the most
important point to emphasize in this connection is the extent of our ignorance and
uncertainty. There sometimes is a tendency to slur over-or perhaps not to recog-
nize-the fact that very little really is known concerning the effects of many of
these policy alternatives, or concerning the desirability of their effects. (Indeed,
in some areas, no one really knows how to study these questions effectively, let
alone provide answers here and now.) Given the current uncertainties, it would
seem wise to proceed with considerable caution, and to build into any program
the capacity and necessity to resolve many of the key uncertainties before too big
a commitment is made.

Finally, it is important to recognize that the nation's basic economic policies
may have a notable impact on R. & D. and technological change in the private
sector. Technology policy, after all, must be integrated with and viewed in the
context of, our overall economic policy. With regard to antitrust policy, which
is an important element of our basic economic policy, the available evidence does
not indicate that we must permit very great concentration of American industry
to achieve rapid technological change and the rapid adoption of new techniques.

31. U.S. Department of Commerce. Commerce Technical Advisory Board. The Role of
New Technical Enterprises In the U.S. Economy. Washington, 1976, 13 pp.

(By Richard S. Morse)

III. RECOMMENDATIONS FOR CORRECTIVE ACTION

As observed in the 1967 CTAB report on technological innovation, the entre-
preneurial process, particularly as it relates to high technology companies, is not
well understood. It has been noted, however, that the process can occur only in
a favorable environment. This environment has deteriorated over the last few
years in the following manner:

1. Government R. & D. programs are a less significant factor in stimulating high
technology companies. The character and complexity of government procurement
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policy and procedures and its management methods have resulted in a significant
deterioration of the effectiveness of these programs in stimulating these com-
panies.

2. Financial incentives for the entrepreneur and the investor have declined.
3. Government regulation has greatly increased the operating cost and man-

agement problems of new business enterprises.
4. The liquidity of investments in small companies has been reduced by the

absence of a receptive public market and by regulation.
5. The supply capital for starting new high technology ventures is almost non-

existent. Private capital for seasoned new companies is difficult to obtain and
public financing is essentially unavailable.

These changes in the entrepreneurial environment present a serious problem
for the U.S. conditions as they exist today, new high technology growth com-
panies are not being organized in sufficient numbers to provide the jobs and the
technically-advanced products for domestic consumption and export which will
be needed in the decades ahead. If the future economic health of the country is
to be insured, it is apparent that steps must be taken to improve the business
environment. It is probably impossible to predict quantitatively the extent to
which any specific legislative or administrative change might stimulate or ex-
peuite the generation of new business enterprises. Nevertheless, the following
recommendations are suggested for executive and legislative action with the ex-
pectation that these actions would enhance the initiation and growth of new
technically-based enterprises:

1. Change Capital Gains Tax.-A reduced capital gains tax rate for direct
investment in small technical enterprises should be an effective incentive to
make venture capital available for 'start-ups." Such an incentive should be
available to both corporate and individual investors.

2. "Founders'" Stook.-A new mechanism is needed to facilitate the acquisi-
tion of "Founders'" stock by officers, directors, and key employees during the
formative years of a company. Care should be taken to prevent adverse tax
consequences which negate the value of the stock in attracting key talent to
the enterprise team.

3. Recognize the Role of Corporate Investors.-The institutionalization of the
venture capital community and the increasing use of the industrial corporate
venture mechanism suggest that it would be desirable to allow corporate participa-
tion under both Sub-Chapter S and Section 1244 of the Internal Revenue Code.'

4. Tax Incentive for Direct Investment in Small Technical Enterprises.-An
immediate deduction against income for individual, institutional and corporate
investors for their direct investment in small technical enterprises would be an
effective incentive for start-up financing. The investors would assume a zero
base, and capital gains tax liability would be incurred only upon sale of the
investment.

5. Review SEC Rules.-SEC rules, notwithstanding Rule 144, continue to
restrict the small-company-investor's liquidity. New combinations of holding
periods and rates of distribution (for both private and public companies) should
be considered.

6. Review Reporting Procedure8.-Reporting requirements under the rapidly
growing state and federal regulations should be reviewed with the intent of sim-
plifying the requirements for small companies.

7. Review Tax and SEC Regulations.-General cost increases and inflation
have made dollar limits in certain rules too small. In particular, for 1244 stock,
the maximum asset value should be increased to $1,000,000; the loss allowance
should be increased to $50,000 on an individual basis, and $100,000 on a joint
return basis. Similarly, the capitalization limit for a Regulation A registration
should be increased to $1,000,000. The small business 22% tax rate should be
applied to the first $100,000 of income rather than $25,000. The tax-loss carry-
forward period should be extended from five years to ten years.

8. Review Incentives for Management.-For the new enterprise, the value of
stock options as a management incentive can be restored by reducing the holding
period for shares issued under a qualified p'an and by arranging to defer tax
liability for shares issued under a non-qualified plan. Other forms of financial
and tax incentives should be developed for the management and key employees
of the higher-risk new technical enterprise.
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32. U.S. Department of Commerce. Office of the Assistant Secretary for Science and
Technology. U.S. Technology Policy: A Draft Study, Washington, 1977, 171 pp.

EXECUTIVE SUMMARY

Introduction

This paper discusses U.S. technology policy in its relationship to the Nation's
economic welfare and makes specific recommendations for an improved policy.

The goal of U.S. technology policy should be to maximize our capacity to
develop and utilize technology for national purposes. Market economic criteria
alone are not adequate for making social choices and for determining the na-
tional goals which technology policy should help achieve. Many non-economic
factors are important in formulating a national technology policy, including the
protection of the ecological system, the quality of employment, and the effects
of technology on life styles. A comprehensive discussion of these important non-
economic factors is outside the scope of this paper.

Since technology is a pervasive force throughout society, it is affected by a
large variety of Government actions. In the context of this paper, U.S. technology
policy is the sum of actions taken by the Federal Government affecting the
production, diffusion, and utilization of technology. The elements comprising
the policy lack unity and coherence. The pluralistic development of U.S. tech-
nology policy has resulted in a national technology enterprise with considerable
strengths. But the fragmentation, incoherence and sometimes contradictory
aspects of the various elements of the policy hold some disadvantages for the
U.S., particularly in a world no longer dominated by U.S. technology.

Background

CONTRIBUTIONS OF TECHNOLOGY TO U.S. ECONOMIC DEVELOPMENT

It has been estimated that technological innovation was responsible for 45
percent of the Nation's economic growth between 1929 and 1969.

A comparison of technology-intensive manufacturing industries with other
industries in the period 1957-1973 shows that:

Technology-intensive industries grew 45 percent faster;
Employment in technology-intensive industries grew 88 percent faster;
Productivity in technology-intensive industries grew 38 percent faster;

and
The ratio of price to unit output increased 44 percent less in technology-

intensive industries.
DISQUIETING TRENDS

Recently, some disquieting trends have appeared in the Nation's inventiveness,
entrepreneurship, productivity, and international trade:

The U.S. share of patents filed worldwide and the number of U.S. patents
awarded to U.S. nationals has decreased in the last decade.

The number of innovative technology-based companies that are starting
in the United States is much less than a few years ago.

The U.S. worldwide lead in productivity, measured as GNP per civilian
employee, has narrowed by 50 percent since the 1950's, and current U.S.
productivity growth is below its historical trend.

The Nation's large favorable balance of trade in products of R&D-inten-
sive industries has come to depend primarily upon exports of developing
countries and Canada.

We cannot establish definite relationships between the disquieting economic
and technological trends, or even agree on how "disquieting" they are. Neverthe-
less, the trends are serious enough to require that U.S. technology policy be
studied to identify weaknesses and opportunities for improvement. That study
is the subject of this paper.

Contradictory Elements of Current De Facto Policy

In this paper the elements of the current technology policy are discussed under
the following headings:

Production of technology,
Diffusion and utilization of technology in the domestic economy, and
Diffusion and utilization of technology internationally for achieving for-

eign policy objectives.
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The elements pertinent to each of these areas are set forth in terms of concerns
and possible alternative remedial actions in the appendix to this summary. Many
of the actions are not mutually exclusive.

Many of the elements are contradictory in their efforts on innovation:
The innovation incentive of patent protection is undermined by compul-

sory licensing.
The support of long-range and undirected basic research is called for at

the same time that the "Mansfield Amendment" restricts DoD to mission-
oriented research.

Government-industry cooperation in large R&D projects of national con-
cern is promoted at the same time that Federal patent policy discourages
this cooperation.

Cooperative industrial R&D on high risk, expensive projects to alleviate
national problems is desired, but is discouraged by antitrust attitudes.

Technological innovation is called for at the same time that tax and regu-
latory barriers are erected to innovation.

The economic benefits of exporting technology-intensive products are de-
sired at the same time that overly restrictive controls on exports are imposed.

RECOMMENDATIONS FOR AN IMPROVED NATIONAL TECHNOLOGY POLICY

A coherent national technology policy needs to be developed in order to inaxi-
mize the U.S. capacity to develop and utilize technology to achieve national
purposes. The so id definition of, and reasonable degree of continuity in, con-
sistent Federal technology policy would promote private sector investment in
technological innovation.

Several of the actions discussed in the appendix of this summary are new to
the United States and, in our opinion, necessary to the formulation of a coherent
policy, while others can be implemented by continuation and/or straightforward
expansion of ongoing programs. We recommend that eight particular areas
should receive priority attention in order to achieve the economic gains a co-
herent policy would foster:

INDUSTRIAL TECHNOLOGY ANALYSIS OFFICE (APPENDIX D, I)'

Every proposed national policy, whether or not obviously technology related,
should be evaluated for its potential impact on technology. The means for such
analyses are lacking. An industrial technology analysis office should be estab-
lished immediately in the Department of Commerce. This office would evaluate
proposed U.S. Government actions against the goal of U.S. technology policy to
maximize the capacity to create and utilize technology for accomplishing national
objectives. It would perform analyses of technico-economic indicators related
to economic and industrial growth and productivity; technological factors in
foreign trade and direct foreign investment, including costs and benefits of tech-
nology transfer; resources (manpower, capital, etc.) applied to the generation
and acquisition of technology; effectiveness of various governmental pojicies in
promoting the Nation's technological health; legal, regulatory, institutional and
other barriers to technological innovation; and social cost-benefits of currently
debated or anticipated major technological developments.

INDUSTRIAL R&D (SECTION III, A)

Some types of industrial R&D of high potential social value are not being per-
formed because the economic rewards to individual companies are not great
enough and the risks and costs are too high. The Federal Government should in-
vestigate direct (grants, loans, etc.) and indirect (tax, regulation, etc.) means
of promoting the needed technological innovation in the private sector.

MODIFICATION OF REGULATORY INHIBITIONS OF INNOVATION (SECTION IV, A, 1)

The present regulatory climate contains unnecessary disincentives for tech-
nological innovation. Under the Office of Science and Technology Policy leader-
ship, actions should be undertaken to strengthen the required data base, and to
develop more appropriate mechanisms for deciding on acceptable risks and devel-
oping optimum regulatory strategies. Also, more adequate assessments of the
probable impacts on technological innovation, as well as costs vs. benefits of such
regulatory strategies, are needed.

1 These references cite the relevant part of the full report.
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IMPROVING THE CLIMATE FOR STARTING TECHNOLOGY-BASED ENTERPRISES
(SECTION IV, B)

The U.S. economy is losing a traditional growth stimulus because the present
tax and regulatory climate is not conducive to the start-up of new advanced-
technology companies. The Departments of Commerce and Treasury should work
with the Securities and Exchange Commission to investigate a variety of possible
remedial actions.

INNOVATION INFORMATION FOR STATE AND LOCAL GOVERNMENTS (SECTION IV, C, 2)

The present scattered Federal Government pilot programs aimed at providing
innovation information to state and local governments are not adequate to supply
the needs and to capitalize on the potential for productivity increases in these
sectors. The existing demonstration projects should be administratively con-
solidated and strengthened.

EXPORT PROMOTION OF TECHNOLOGY-INTENSIVE PRODUCTS (SECTION V, A)

The economic benefits of technology-intensive products exported from the
United States are being less and less fully realized. Additinal foreign markets
must be developed for nonmilitary technology products. This is especially neces-
sary to create employment opportunities to compensate for those that may be
lost if foreign military sales by U.S. aerospace and defense-related industries
are reduced. The Government should work wih industry to streamline further
the various export control procedures and reporting requirements, to shorten
the list of commercial products or technical data requiring specific permission to
export, to continue reducing delays n the various export licensing processes, to
improve efforts in market identification and analyses for technology-intensive
products, to develop better Federal promotional practices, and to improve the
relevant financing policies to be more competitive with foreign countries.

EXPORT CONTROL OF DESIGN AND MANUFACTURING TECHNOLOGY (SECTION V, B)

Export control involves the Departments of Commerce, State, Defense, as well
as the Energy Research and Development Administration, NASA, the Nuclear
Regulatory Commission, the National Security Council, and the Intelligence Com-
munity. A recent turnabout in Defense thinking, increased concern of the Con-
gress, and new attitudes on arms exports and nuclear proliferation indicated by
the Carter Administration have created the need and opportunity for a greatly
improved policy. There is no satisfactory interagency means for addressing these
issues, nor is consultation with industry any better. Both Commerce and Defense
have elaborate committee structures that are foundering because top-level leader-
ship is lacking. The Executive Office of the President, through the OSTP or the
NSC, should assume leadership in developing an export control and technology
transfer policy which better serves both U.S. national security and economic
interests.

TECHNOLOGICAL SUPPORT OF LESS-DEVELOPED COUNTRIES (LDC'S) (SECTION V, C)

Technology issues relevant to LDC's have been receiving too low priority.
An unsound policy in this field could have very large adverse impacts on the
economy and on foreign relations. A U.N. Conference on Science and Technology
for Development in 1979 requires the establishment of a U.S. policy which con-
tributes to the progress of LDC's while being consistent with U.S. interests.
The Departments of State and Commerce should work closely with industry to
promote cooperation in industrial R&D and to assist technological infrastructure
development in LDC's.

33. U.S. National Science Board. Science Indicators 1976. Washington, U.S. Government
Printing Office, 1977. 312 pp. (NSF-77-1).

INTERNATIONAL INDICATORS OF SCIENCE AND TECHNOLOGY

INDICATOR HIGHLIGHTS

The relative emphasis placed by a country on research and development ac-
tivities can be approximated by comparing its R&D expenditures to Its Gross
National Product (GNP). During the middle and late 1960's, and continuing into
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the early seventies, this ratio generally showed a decline for the United States,
the United Kingdom, France, and Canada. The West German ratio peaked in
1971 and now appears to be declining. The U.S.S.R.'s positive growth seems to
have leveled off since 1973.' Since the late 1960's, Japan has generally shown
increases in its R&D/GNP ratio.

Another comparative measure of a country's R&D effort is the relationship
between the number of scientists and engineers (S&E's) and the population. The
number of S&E's per 10,000 population in the United States has remained con-
stant since 1972. The 1975 level is 10 percent lower than that of 1969, when this
ratio peaked in the United States. Limited data from the other countries studied

showed a general increase in this ratio.
A major difference between the R&D programs of the United States and other

countries relates to the distribution of Government funds by function. Among
the countries for which data are available, the United States devotes a much
higher proportion of Federal R&D funds to defense and space-related activities,
especially the former.'

The United States contributes significantly to the world's scientific and tech-
nical knowledge base. Non-U.S. authors cited U.S. scientific publications 15 per-
cent more in 1975 than could be expected from the U.S. share of the world's
scientific literature-citations to U.S. chemistry, physics, and biomedical research
publications were respectively 42 percent, 30 percent, and 26 percent more than
could be expected.

The United States also utilizes other nations' scientific findings and journals.
In 1975, 57 percent of the citations appearing in U.S. chemistry publications and
49 percent of those in U.S. physics publications were to foreign publications.
Those fields with the greatest percentage of articles appearing in non-U.S.
journals in 1975 were mathematics and biomedical research (both 27 percent)
and physics and chemistry (both 24 percent).

Since 1961, U.S. scientists have received 53 percent of the Nobel Prizes in
physics, 36 percent in chemistry, and 53 percent in physiology/medicine. This
represents 47 laureates or 24 percent more Nobel Prize winners in science than
during the 1946-1960 period. While U.S. scientists received all of the Nobel
Prizes awarded in 1976, the U.S. share of total prizes has remained at about 50
percent since 1946.

Although positive, the U.S. patent balance declined almost 47 percent between
1966 and 1975. This was due to the 91 percent increase of foreign-origin patent-
ing, coupled with the leveling off and eventual decline in the number of foreign
patents awarded to U.S. citizens. The United States has a favorable but de-
clining patent balance with Canada, the United Kingdom, and five European
Economic Community countries, but a negative balance with West Germany and
Japan.

RESOURCES FOB RESEARCH AND DEvELoPmENT

INDICATOB HIGHLIOHTS

National research and development (R&D) expenditures in the United States
rose to an estimated $38.1 billion in current dollars in 1976; however, constant
dollar spending of $28.5 billion was only 2.5 percent above the 1974 total.

The estimated number of scientists and engineers (full-time-equivalent) en-
gaged in R&D reached approximately 531,000 in 1975, slightly higher than the
1974 total but still far below the 1969 level of 558,000.

As a fraction of the Gross National Product (GNP), national R&D spending
has dropped from the high of 2.97 percent reached in 1964, falling to an esti-
mated 2.25 percent in 1976. Estimated Federal funds for R&D in 1976 as a frac-
tion of GNP reached 1.19 percent, while funds from all other sources remained
near 1 percent.

Measured in current dollars, estimated Federally-supported R&D expenditures
climbed to a new high of $20.1 billion in 1976; however, constant dollar levels
stood at $15 billion, 18 percent below the peak reached in 1967.

The Federal Government remained the largest source of R&D funds in 1976,
providing an estimated 53 percent of the total, while industry supplied 43 per-

'Data regarding the U.S.S.R. should be treated as estimates; limited information and
differences in basic definitions make international comparisons involving the U.S.S.R. very
difficult. (See the following text for discussion of this point.)

2 Data for the U.S.S.R. are not available.
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cent; in contrast, Federal sources provided 65 percent in 1965 to industry's 33
percent.

R&D funds from industrial sources rose considerably in the period from 1960
to 1976, from $4.5 billion to an estimated $16.6 billion. In constant dollars, these
industrial R&D expenditures reached a new high of $12.4 billion in 1976.

RESOURCES FOR BASIC RESEARCH

INDICATOR HIGHLIGHTS

National spending, in current dollars, for basic research climbed substantially
since 1960, and rose to a new high in 1976; in constant dollars however, estimated
expenditures in 1976 advanced approximately 2 percent above the 1975 level,
but remained nearly 11 percent below the peak year of 1968.

Among performers of basic research, more than half of the Nation's expendi-
tures were accounted for by universities and colleges in 1976, compared to a
37 percent share by this sector in 1960. Industry held an estimated 16 percent
(half of its 1960 share) in 1976; the Federal Government also held 16 percent
in 1976.

The source of most support for basic research was the Federal Government
in 1976, as it has been in past years. The Federal share has amounted to 68
percent of the total since 1971. compared with approximately 60 percent in
1960; the share of support provided by industry has remained stable at approxi-
mately 15 percent throughout the 1970's, in sharp contrast to the 28 percent share
this sector provided in 1960.

In constant dollars, estimated Federal and industrial support for basic research
in 1976 was 15 percent below the peak levels which each had reached in 1968.
Real dollar support by each of these sectors has remained at about the same
level between 1974 and 1976.

Six agencies-HEW, NSF, ERDA, DOD, NASA and USDA-obligated over
90 percent of Federal basic research funds in 1976. Current dollar obligations
by these six agencies have increased 32 percent in the period 1967-76.

Federal obligations for basic research in the life sciences, environmental
sciences, engineering, and social sciences, reached their highest current dollar
levels in 1976. However, constant dollar obligations in all fields were lower
than in previous years.

INDUSTRIAL R&D AND INNOVATION

INDICATOR HIGHLIGHTS

It is estimated that the total expenditure for R&D in industry was.$26.5 billion
in 1976, up 9 percent over the 1975 estimate and 21/2 times the 1960 level. The
1960-76 increase resulted primarily from increases in industry's own R&D funds.

When measured in constant dollars, total industry R&D spending is expected
to show a 4-percent increase between 1975 and 1976. This marks the first increase
in constant-dollar industrial R&D expenditures since 1973.

In January 1975 there were an estimated 357,500 R&D scientists and engineers
employed by industry. This number has remained level since 1973 but is down
nearly 8 percent from the 1969 high of 387,100. The entire decrease since 1969
can be attributed to a drop in the number of federally supported R&D scientists
and engineers.

Six industries accounted for over 85 percent of all industrial R&D spending in
1974. They were electrical equipment and communication, aircraft and missiles,
machinery, motor vehicles and other transportation equipment, chemicals and
allied products, and professional and scientific instruments.

According to estimates, industry spent $1.6 billion on energy R&D projects
in 1976 with 37 percent of that amount going for fossil fuel R&D, primarily in
petroleum. Another 49 percent was directed to nuclear energy. An estimated $663
million was spent on pollution abatement R&D projects in 1976, with 74 percent
of that directed towards air pollution programs.
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More than two-thirds of total industrial applied research and development
expenditures were in six product areas in 1974: communication equipment and
electronic components, machinery, aircraft and parts, guided missiles and space-
craft, motor vehicles and other transportation equipment, and chemicals.

SCIENCE AND ENGINEERING PERSONNEL

INDICATOR HIGHLIGHTS

Employment of scientists and engineers in 1974 is estimated at over 1.7 mil-
lion, about the same number as in 1970; engineers represented two-thirds of this
total.

More of the Nation's scientists and engineers were employed in industry than
in any other R&D-performing sector-about one million in 1974-and over 80percent of this group were engineers.

The Federal Government supported less than 25 percent of all industrial
scientists and engineers in 1974, down from nearly 30 percent in 1972; industry's
life and environmental scientists had the lowest average level of Federal support,
at about 5 percent, compared to the highest support (26 percent) for engineers.

Universities and colleges employed about 289,000 scientists and engineers in
1976, about 8,500 or 3 percent more than the number employed in 1975; increases
in the number of psychologists and social scientists accounted for 58 percent ofthis change.

The 160,000 scientists and engineers employed by the Federal Government
represented about one of every ten scientists and engineers in 1974. Over the
1964-74 period, employment of scientists and engineers in the Federal Govern-
ment increased by almost 12 percent, while the employment of scientists andengineers throughout the economy rose by almost 25 percent.

In 1975, approximately 531,000 scientists and engineers (on a full-time-equiva-
lent basis) were engaged in R&D, 9,000 more than the number in 1973, but almost
28,000 fewer than the peak employment level reached in 1969.

About one-third of all scientists and engineers were engaged in R.D activities
in 1974. Of these, 68 percent were employed in industry, 13 percent in universi-
ties, and 12 percent in the Federal Government.

The proportion of young doctoral faculty in doctoral level science and engineer-ing departments deciined from 43 percent in 19b8 to 27 percent in 1975; over 70
percent of doctoral faculty in all fields had tenure in 1974.

Women made up 6 percent of all persons employed in science and engineering
occupations in 1974, although 9 percent of the total number (employed and un-
employed) were women and about 50 percent of all professional and technical
workers were women. Those employed were more highly represented among
psychologists, computer scientists, and mathematicians than other fields. In
the academic sector, women represented 15 percent of all scientists and engineers
employed full-time in 1974.

About 4 percent of all scientists and engineers in 1974 were members of racial
minority groups. Asians accounted for 1.8 percent, Blacks about 1.5 percent, andother minority groups the remainder.

Between 1972 and 1975, the proportion of National Merit Scholars choosing
science as a major declined from 61 to 54 percent, while over the same period
the proportion of those planning to major in engineering increased from 9 to17 percent.

PUBLIC ATTITUDES TOWARD SCIENCE AND TECHNOLOGY

INDICATOR HIGHLIGHTS

In the public's rankings of ten occupations according to prestige, scientists
were second only to physicians in 1972, 1974, and 1976. with engineers in third
place. This is in spite of a general decline in the public's regard for the tenoccupations from the 1960's to the 1970's and again from 1974 to 1976. The
relative standing of scientists has improved since the 1960's.

While the public in general has a high regard for science and scientists, thisregard is highest among the relatively affluent and educated and those who have

56-367 0 - 8i - 8
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professional or managerial occupations. The least favorable attitudes are held
by the poor and uneducated, and those who live and work on farms. These
latter groups also respond "no opinion" with high frequency.

About 70 percent of the public believed in 1972 and 1976 that science and tech-
nology have changed life for the better, and over half believed that they have
done more good than harm. More favorable attitudes on these issues were ex-
pressed in 1974 than in either 1972 or 1976.

Improvements in medicine are by far the greatest benefit that the public
believes science and technology have produced, followed by space exploration.
The most harmful thing is damage to the environment, with the expense and
dangers of the space program coming second.

In 1976, 6 percent of the public thought that science and technology have
caused most of our problems, 45 perecnt some of our problems, 28 percent few
of our problems, and 14 percent none of our problems. In 1972, only 9 percent
felt that none of our problems were caused by science and technology. Govern-
ment decisionmakers were most often cited in 1976 as the group responsible
for causing such problems, while business decisionmakers too were often men-
tioned. Scientists and engineers were very seldom cited, but there was a mar-
ginally greater concern about engineers. There was also a marginally greater
desire to control technology than science, especially among professionals and the
college educated.

The portion of the public that believed that science and technology will
eventually solve most problems such as pollution, disease, drug abuse, and
crime was 27 percent in 1976. This number had been 30 percent in 1972 and
had dropped to 23 percent in 1974.

The two problem areas in which science and technology would be most effec-
tive, in the view of the public, are health care and pollution. The two areas in
which they would be least effective are thought to be reducing crime, and
weather control and prediction.

The areas in which the public would most like its tax money spent for science
and technology are the same as those in which they are considered potentially
most effective. The areas in which the public would least like its money spent
are space exploration, defense, birth control, and weather control and prediction.

34. U.S. National Science Foundation. Conference on Technology Transfer and Innovation:
Proceedings. Washington, U.S. Government Printing Office, 1967. 126 pp. (NSF 67-5).

SUMMARY OF THE PROCEEDINGS

(By Sumner Myers)*

Under the joint auspices of the National Planning Association and the Na-
tional Science Foundation, a Conference on Technology Transfer and Innova-
tion was held in the spring of 1966 at the Statler Hilton Hotel in Washington.
D.C. The conference grew out of a 3-year NPA study aimed at providing quan-
titative data about how scientific and technical information is used as a basis
for industrial innovation.

One recurring theme of the conference is posed by an early speaker: Is there
a technological explosion? Herbert Hollomon, Acting Under Secretary of Com-
merce. voices the feeling that there is no real technological explosion; that this
generation-not unlike its predecessors-may be deluding itself about its own
uniqueness. To illustrate his point he cites the productivity index, which shows
no radical discontinuity from past trends.

Gerhard Cohm. recognizing that the technological explosion is not confirmed
by an increasing rate of productivity, offers three reasons why productivity
gains caused by technological change may be evolutionary rather than revolu-
tionary: (1) technological advances resulting in new products may not be
fully reflected in statistical measures of change; (2) the impact of the ex-
plosion may not yet be felt because there is still a substantial time-lag be-
tween invention and its diffusion through the economy; and (3) technological
change itself sets into motion other changes which reduce the rate of produc-

*Director, R&D Utilization Project, National Planning Association.
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tivity gains. Colm points to the shift of high-income consumers from mass-produced staple goods to more labor-intensive services.
"Technological change" or "technological innovation" is often misunderstoodto mean primarily highly creative, radically new inventions of great economicimportance. in business practice, however, innovation is more often the resultof recognizing and adapting an idea than of inventing a brand new one. Thiswas found to be true for two-thirds of the 5t0 innovations analyzed in theNPA study. The degree of creativity is not necessarily relevant as far as theeconomy is concerned. It does matter, of course, whether a particular innova-tion has important economic consequences-like the diesel locomotive-or im-perceptible consequences-like a better manifold design.
Industrial innovations result from the utilization of technical information,including research outputs. While most of the innovations NPA studied werenot directly based on the output of R&D laboratories, a significant numberwere. Among railroad innovations, 17 percent were directly based on researchoutputs; the comparable figure for housing was 27 percent, and for computers,44 percent. These innovations tended to be more complex and expensive thanthose based on other kinds of technical information. In any event, before theresearch outputs and other technical information could be transformed intoinnovations they had to be somehow transferred to the people who might utilizethem.

VERTICAL AND HORIZONTAL TRANSFER

Harvey Brooks, Dean of Harvard School of Engineering, suggests that trans-fer occurs along two dimensions-vertical and horizontal. In vertical transfer,the general is transformed into the particular; science becomes technology, andtechnology finally becomes hardware. Horizontal transfer occurs when scientificor technical information generated in one context is "borrowed" by anotherfirm, which usually adapts it vertically to meet its own needs. Thus, verticaltransfer normally takes place within an institution and horizontal transfer takesplace among institutions.
Horizontal transfer often involves specific hardware or "frozen information."

But a good deal of intermediate information is also transferred in the abstractform. In the horizontal transfer process, one institution's input is another insti-tution's output. For example, in the case of the transistor, the research outputof Purdue University was horizontally transferred as an input to Bell TelephoneLaboratories. Bell, in turn, vertically integrated work done at Purdue Universityinto its own transistor technology; Bell's research output was then horizontally
transferred to other firms, this time in a fairly specific form. Finally, the receiv-ing firms further improved this technology, again vertically. And so we havetransistors as we know them today.

GOALS AND RELEVANT RESEARCIL

The mere existence of a body of research outputs and other technical knowl-edge is not in itself enough to result in significant industrial innovation. Littleinformation will be transferred, either horizontally or vertically, unless there isa purpose for doing so. Professor John Stedman of the University of WisconsinLaw School emphasizes that the innovative process has no self-starter, nor doesit have a built-in guidance system, nor is it inherently powerful enough to over-come all of the barriers-institutional, financial, labor, entrepreneurial, and soon-in its path to success. For innovation to occur somebody must direct theprocess toward some objective.
In economic terms, technology, applied science, and pure science may beviewed as a spectrum of means to achieve economic ends. Of these, technologyexists primarily to serve these ends; its objectives can be set with a fair degreeof precision in advance. But how can science, whose outputs are by definitionalmost unpredictable, be focused on economic purpose?
The findings of Project HINDSIGHT point up the value of science with a pur-pose. Basic research was found to have made important contributions to weaponsdevelopment when the work was specifically undertaken to illuminate a problemencountered by a weapons-development mission. Isenson suggests that mission-related science outputs may be more readily used because the scientist in sucha project would be in close personal communication with the using engineer. In
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this connection it is important to note that the success stories involving the use
of science research outputs occurred in firms that had achieved effective vertical
transfer by closely coupling their science to the rest of the company.

TECHNOLOGICAL GOALS FOR PRIVATE INDUSTRY

Besides the need to set economic goals at the science end of the spectrum, a
similar need also exists at the technology end in order to utilize research out-
puts in meaningful industrial innovations. Fortunately, economic goals for tech-
nology are much easier to set. Most people would agree that the goal of tech-
nology is to meet needs felt in the marketplace. Granted, the marketplace is
always somewhere in the innovating picture, but this statement oversimplifies
its role.

In the first place, the market rarely expresses a felt need for a product. Rather,
choices are made among alternatives offered by producers, and innovations are
either accepted or rejected with a sometimes inscrutable logic. Because the
market reacts to innovations critically rather than creatively, the risks of inno-
vating for it are inevitably high.

In any event, about half of the innovations studied by NPA occurred in direct
response to market factors such as changing customer requirements, potential
demand, or competitive products. The other half were more immediately stimu-
lated by in-firm requirements: systems changes, quality failures, and the ever-
present need for cutting costs.

Entrepreneurial skill is the crucial factor in the innovation process. It takes
a special kind of ability to look at a proposal and see its market-where it is,
how big it is, and, most importantly, how accessible it is. Many innovations
have met every test but the last. The market exists, but the firm cannot reach
it. Unfortunately, it is too easy to underestimate both (1) what it will cost to
take an idea and translate it into successful business-and (2) how much
time it will take. The combined effect can be disastrous. Time is money; a dollar
discounted this year is only pennies when a successful innovation at last begins
to bring a return to the firm.

SCIENCE, TECHNOLOGY, AND PUBLIC NEEDS

The conference revealed a general sense of dissatisfaction about the innova-
tive process, a dissatisfaction that is both quantitative and qualitative. Some
think it is proceeding too slowly; others, too rapidly. There is a growing im-
patience with the lag between discovery and application. Still others think the
output is too wasteful or too irrelevant to society's needs. There is a growing
dissatisfaction that technology is failing to solve society's most pressing problems.
This note-sounded in the opening remarks of Dr. Leland Haworth, Director
of the National Science Foundation-was echoed by other speakers.

Most dissatisfaction with the quality of innovation and the rate of technology
utilization boils down to a feeling that-as yet-technology has failed to meet
public needs. Spectacular innovations in weapons and space have convinced many
people that the outputs of the research establishment offer unique opportunities
to meet social goals. Presumably there remains only the problem of deciding what
the goals are and who will pay for them. In a pluralistic society this is easy
at the general or "motherhood" level but extremely difficult at the specific level-
where it counts.

Charpie suggests that a prime social goal is to help business innovate more
because industrial innovations create the wealth that makes other goals think-
able. But how shall this be done? Perhaps the best way to help business in-
novate is to stimulate the economy as a whole. The point was made earlier that
about half of the innovations came about in direct response to market factors.
A rapidly growing economy obviously expands the market for innovations and
encourages investment in new ideas. It is less clear what will be accomplished
by changing boundary conditions sueh as patent policy and antitrust regulation.

Given strong enough market incentives and the force of innovative attitudes,
boundary conditions may not matter much. Daniel De Simone, Director of the
Office of Innovation and Invention at the National Bureau of Standards, sums
it up this way: "A sympathetic and encouraging Federal climate is very im-
portant, it is not more so, is what goes on in the firm . . . neither the provision
of incentives nor the removal of barriers can be an adequate substitute for
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excellence, boldness, and understanding at the front line of innovation, wherethe action is."
Stimulating the economy will undoubtedly yield more innovations. But thesewill be "more of the same" and therefore will still fail to satisfy public needs.This should not be taken as a criticism of innovation in the private sector. Gen-erally, the products of American industry are more than satisfactory for privatepurposes. The unsatisfactory ones are usually eliminated in the marketplace.Yet, something is missing. There are few industrial innovations developed specifi-cally to fit into systems to perform a function of public interest. For example,component innovations in housing determine the system rather than the otherway round. So housing costs more than it should and is not as good as it might be.The difficulty is compounded when those who now perform essential parts ofa function refuse to modify their operations to meet the needs of the wholesystem. These vested interests constitute by far the most serious institutionalbarriers to socially important innovations. Ordinarily they can't be orderedto collaborate. Nor will they do so unless they clearly see something in it forthem. The problem is how to provide the means for inducing them to integratevoluntarily into a system that performs a socially desirable function.
Money is the force that can align private interests with public purposes. Bycoupling systems requirements to dollar incentives it will be possible to generatethe innovations called for. Michael Michaelis of Arthur D. Little, Inc., describeshow this has in fact been done. A group of young architects at Stanford Universitycreated a powerful market for innovative school construction systems by ag-gregating existing but heretofore fragmented markets. They noted that 13 sepa-rate school districts in California together needed 22 new schools. In a projectsponsored by the Ford Foundation the group of achitects helped the 13 districtsto identify their needs and translate these needs into performance specifications.Manufacturers were then asked to propose and bid on subsystems that would meetthe performance requirements. Because products as such were not specified, com-ponent suppliers were free to come up with new innovations. And because themarket opportunity was a fairly substantial one, they found it worthwhile todo so. Indeed, to meet performance requirements of the various subsystems, com-ponent suppliers spent over $2,000,000 of their own money on research anddevelopment. What's more, much of their research output was later utilized inother construction systems.

THE ACTIVE ROLE OF NEW TECHNICAL INFORMATION

If goals are specified and backed with dollars, the necessary technology willbe developed. This is the major pattern of innovation. But it is by no meansthe only way things happen. There is also a minor but significant pattern in whichtechnology evokes the needs that generate still more technology to get innovation.The role of technology is not always the passive one of being drawn into thesolution of problems. Granting that the market represents the most powerfulforce in stimulating innovation, we must also recognize that new scientific andtechnical information often stimulates innovation by defining heretofore unde-fined needs and problems. A recent New York Times story makes the point. Thestory describes an exciting trade exhibit where retail merchants were shown thelatest automation techniques for billing customers, controlling inventories andso on. The first line of the story quotes one of the merchants: "All of sudden youdiscover that there are problems you didn't know you had." The story goes on tosay that this comment "was typical of the reaction of many other merchants tothe presentation of new equipment and services." It illustrates another pointas well: before the innovation actually appeared, the market felt little anddemanded nothing.
We all know from similar personal experiences that new information can stimu-late a need that seemingly did not exist before. The question is, how often doesthis happen? NPA data show that it happens with significant frequency. Wefound that over one-quarter of the innovations studied were evoked by technicalinformation, including research outputs.
New technical information also lowers barriers to the implementation of oldideas. Ordinarily, few projects that are economically and technically unrealisticare started. Ideas for innovations that are not yet feasible may be shelved. Tech-nology must be used in packages; if all related pieces are not available, the in-complete package may lie dormant for a decade or longer until some key piece oftechnology completes the package.



112

As relevant technologies develop, barriers to success are lowered, perhaps to
the point where the project becomes economically and technically feasible. When
most pieces of technology are available, the few missing pieces will be worked
out to satisfy the needs of the now-new market for just those solutions. Some-
times it is not economically feasible for the firm itself to work out every element
in the package. In that case the firm has to depend on a horizontal transfer from
some other industry which may have developed that element for an entirely dif-
ferent purpose.

This brings us to another reason for tempering the emphasis on wen-defined
technological objectives. A single-minded preoccupation with clear objectives
might foreclose "targets of opportunity." Despite the seeming rationality of
working in relevant areas toward specific goals, a certain amount of "thrashing
about" is inevitable. Perhaps it is even desirable. As a university president re-
cently said, "In order to discover anything you've got to be working on some-
thing." NPA found that one-eighth of all innovations studied began as work on a
different, though often related, problem. From the point of view of society (al-
though not necessarily that of the individual firm) it is perhaps better to be
working toward poorly defined objectives than not to be working at all. The
great value of doing something is that it generates more research outputs, in-
formation, and innovative ideas that might-be used, perhaps, by somebody else.
In short, because the process of innovation reinforces itself, it is important to
keep the innovative engine turning.

35. U.S. National Science Foundation. The Effects of International Technology Transfers
on U.S. Economy: Papers and Proceedings of a Colloquium. Washington, U.S. Gov-
ernment Printing Office, 1974. 114 pp. (NSF 74-21).

INTRODUCTION AND SUMMARY

(By Rolf R. Piekarz)*

1. INTRODUCTION
The papers in this volume stem from interests and concerns expressed by the

Science Adviser to the President and by the Executive Office of the President on
the status of research and knowledge in international technology transfer. This
project reflects the purposes of the National Science Foundation's Office of
National R&D Assessment: to supply objective analysis and define options avail-
able with regard to enhancing the contribution of science and technology to the
nation. The relation between innovation and international technology transfer
and the effects of these technology transfers on U.S. economic welfare is one of
a number of research topics of concern to the Office's task force on the Seio-
Economic Effects of Technological Innovation.'

To assess the status of understanding of the effects of international technology
transfer, the Office of National R&D Assessment commissioned four experts to re-
view the subject and assess the existing knowledge as it affects policy considera-
tions and research priorities. Professor Robert Stobaugh (Harvard), Professor
Richard Caves (Harvard), and Professor Gary Hufbauer (New Mexico)-were
asked to address the following questions:

(1) What do we know about the relationship between the following activities:
(a) U.S. technological innovation and U.S. foreign direct investment,

licensing, and trade;
(b) U..S. foreign direct investment, and licensing, and the transfer of U.S.

technology abroad;
(c) U.S. transfer technology and net changes in U.S. foreign exchange

earnings, domestic employment and economic welfare?
(2) How good is the current state of the art in analyzing and measuring these

relationships?
(a) What is the adequacy of present research findings?
(b) How good are available analytical models, data, and estimation tech-

niques?
(3) Does our present knowledge suggest consideration of certain policy

options?

*Senior Staff Associate, Office of National R&D Assessment, National Science
Foundation.

1 Details of the National R. & D. Assessment Office research program appear in the Official
Program Plan and the Annuai Report. These documents may be obtained from the Offlee.
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(4) What must be done to further our knowledge in order to formulate policyoptions ?
Professor Keith Pavitt (Sussex) was asked to apply his knowledge of postWorld War II science and technology experience and policies of the OECD na-tions to some issues in the current U.S. public policy debate on U.S. internationaltechnology transfer and the relative decline in the U.S. technology position.The paper by Professor Stobaugh is A Summary Assessment of the ResearchFindings on U.S. International Transactions Involving Technology Transfers.

Professor Stobaugh sketches the research results and the gaps in analyzing andmeasuring the relationships between U.S. international technology transfers andvarious economic and policy variables. The author concentrates on two questions:What do we know about the relationships between U.S. technological innovation,technology transfer from and to the United States, foreign direct investment, for-eign licensing, foreign trade, and net changes in U.S. foreign exchange earnings,employment, and economic welfare? What research must be done to further ourknowledge in order to formulate and assess policy options?
Professor Caves' paper, Effect of International Technology Transfers on theU.S. Economy, focuses on the adequacy of present research findings, analyticalmodels, and data for addressing public policy concerns about international tech-nology transfer. The paper divides into two parts. The first assesses the scope andadequacy of the evidence on technology transfer entailed in various U.S. inter-national transactions and the consequences which result. The second part out-lines some high priority research and examines the adequacy of available models,data, and techniques.
Professor Hufbauer, in his paper, Technology Transfers and the American

Economy, concentrates on enumerating and explaining the conditions whichshould be taken into account in framing and examining policy options with regardto international technology transfer. The first half of the paper outlines what weknow about industry characteristics and company choices with regard to themagnitude, form, and determinants of international technology transfers. Theauthor then describes and assesses the national economic welfare considerationswhich have been applied in public policy discussions. Professor Hufbauer con-cludes the paper with some recommended research topics arising from hisdiscussion.
The contribution by Professor Pavitt is "International" Technology and theU.S. Economy: Is there a Problem? The author addresses some policy issues andpossible future trends in international transactions involving technology arisingfrom the experience of industrial nations during the past 20 years with tech-nological innovation and technology exchange. Professor Pavitt first traces outthe changing patterns of technological development and its transfer in andbetween Europe and the United States during this century, especially since WorldWar II. He then discusses the experience of Western Europe with governmentfunding of R&D in industry, the changing patterns of industrial R&D in theOECD countries, and the way in which these countries have exploited theirtechnological capabilities in international markets. These findings then are usedto make some judgments about U.S. policy problems and options, and somepossible trends.
The papers are necessarily limited by the scope described, as well as by con-straints which each contributor faced in terms of his own time and the shortdeadline placed upon him. NSF is indebted to the contributors for producing thismaterial under such circumstances. We ask that the reader view the output withan understanding of what can be accomplished in a brief paper even under lessertime constraints. As one of the authors pointed out: "Any attempt to evaluatefully the relation between international transfers of technology and the UnitedStates economy-even as a survey of the state of information-would requireits author to command an enormous knowledge of the determinants and conse-quences of research in American industry (including the domestic invention-innovation-diffusion cycle), U.S. international trade, foreign direct investment(and technology transfers within the multinational firm), international licensingand the market for proprietary technology, and the ingestion and modification ofinnovations by industry abroad." (Caves).

II. CONCLUSIONS

This section presents for each question the overriding conclusions stemmingfrom the papers. The next section, "Selected Quotes," provides for each questionquotes from the papers which support and extend these conclusions.
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(la) What do we know about the relationship between U.S. technological
innovation and U.S. foreign direct investment, licensing, and trade?

We know that U.S. industries spending relatively high amounts on R&D arethe leading industries in manufactured exports, foreign direct investment, and
licensing. The limited extant research at the level of the firm has not established
a relationship between research intensiveness and the share of exports in domes-
tic sales, the ratio of foreign to domestic production, or the share of earnings
from foreign licensing. We lack information about the impact of the type or
recency of innovations on exports, foreign direct investment, and licensing. Also,
we do not know the influence of exports, foreign direct investment, and licensing
on the rate or direction of R&D and technological innovation by U.S. firms.

(lb) What do we know about U.S. foreign direct investment and licensing and
the transfer of U.S. technology abroad?

We know that U.S. foreign direct investment and licensing are channels by
which foreign countries obtain technological knowledge. We do not know the
mechanics, magnitude, or rate at which this technology diffuses abroad. Also,
there is no information about the complementarity and substitutability among
exports, foreign direct investment, and licensing as channels for technology
transfer.

(le) What do we know about the relationship between U.S. technology transfer
abroad and net changes in U.S. foreign exchange earnings, domestic employment,
and economic welfare?(2) How good is the current state of the art in analyzing and measuring these
relationships?

(a) What is the adequacy of present research findings?
(b) How good are available analytical models, data, and estimation tech-

niques?
Existing empirical research findings permit some judgments about the selec-

tion by a firm of the channels and timing of the diffusion of its specialized
knowledge abroad. Available analytic models permit us to determine the varia-
bles for framing and studying specific questions concerning the above relation-
ships. Much existing empirical research suffers from the failure to utilize prop-
erly the known models. Admittedly, application of such models entails substantial
difficulties in estimation. One major analytical gap does exist. This is the lack
of a yardstick for measuring the output from R&D and technological innovation
and the amount of technology transferred.

(3) Does our present knowledge suggest consideration of certain policy op-
tions?

Except for national security purposes, the U.S. Government should not at this
time consider actions to discourage or restrict international transactions involv-
ing technology transfers. We lack evidence whether, where, or when such trans-
actions harm U.S. welfare. If loss to U.S. welfare were established, there are
some options the government may want to consider and some which are likely
to prove ineffective.

(4) What must be done to further our knowledge in order to improve our capa-
bility to formulate policy options?

The contributors generally agree that the subject of the causes, characteristics
and consequences of international technology transfer should be given a great
deal more research attention. A quote from one of the contributors sums up this
conclusion as follows: "In the quest for this knowledge (of the impact of tech-
nology transfers on the U.S. economy), our position is similar to that of a diner
just starting to eat an artichoke. We have tasted a leaf or two but most of the
discovery is ahead of us. Innumerable leaves remain to be peeled off before the
heart is reached." (Stobaugh)

36. U.S. National Science Foundation. Preliminary Papers for a Colloquium on the Rela-tionships Between R. & D. and Economic Growth/Productivity. Washington, 1977.
various pagings.

INTRODUCTION AND SUMMARY

(By Rolf R. Piekarz)
Public officials, the R&D community, and economic analysts have increas-

ingly focused their attention on the relationship between research and develop-
ment and economic growth/productivity. Six years ago, the National Science
Foundation sponsored a colloquim to assess the state of knowledge at that time
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about the economic aspects of R&D.' In the intervening years Congress has
sponsored a number of studies and held hearings, Federal departments and
agencies have issued reports and conducted assessments, and the National Sci-
ence Foundation has sponsored research on this topic. As the papers in this
volume attest, these efforts have added to our knowledge about the relationship
between R&D and economic growth/productivity, about the possibilities for
government action, and about lines of research for improving our understanding.

II. CONTENTS

The first paper, by Professor Mansfield, is, "Research and Development.
Productivity Change, and Public Policy." It presents a summary of findings of
recent research on the relationship between R&D and productivity change and
on the measurement of social and private returns from individual technological
innovations. It then examines briefly the analytic and empirical experience with
Federal policies to stimulate R&D for economic purposes and indicates what
this experience suggests for guidelines to Federal action. The paper concludes
with some topics for further research.

Professor Nadiri covers three topics in his paper, "The Contribution ofResearch and Development to Economic Growth." He surveys the recent
research on the measuring of the contribution of R&D to productivity improve-
ment and to private and social returns. Second, the paper examines some of the
work on the determinants of R&D and technological innovations. Third, there
is a brief review of the problem of measurement. The paper concludes with a list
of topics for research.

Dr. Terleckyj focuses his paper on, "Recent Findings Regarding the Contri-
bution of Industrial R&D to Economic Growth." His discussion of recent
research findings about the effects of R&D on economic growth emphasizes
attempts to measure direct and indirect effects of R&D and the contribution
of government financed R&D. After a brief summary of some recent research
on the process of innovation, the paper summarizes Dr. Terleckyj's views of
the policy significance of the findings of the available research information.
A few questions for additional research conclude the paper.

Dr. Ends concentrates his review on the theme, "Achieving 'Appropriate'
Levels of Investment in Technological Change: What Have We Learned?" First,
he sketches what recent research tells us about the importance of different
information for understanding the relationship between R&D and productivity.
Second, he indicates what recent research tells us about the perspective for
addressing questions about underinvestment. Third, there is a summary of what
recent government initiatives and research have taught us about government
efforts to stimulate industrial R&D. He concludes with some suggestions for
research.

Professor Kendrick focuses his paper on, "policies to Promote R&D and Pro-
ductivity Growth." His discussion on policies concentrates on measures to stimu-
late long term investment, of which R&D is one component, and on measures
directed to encouraging R&D.

III. CONCLUSIONS OF THE 1971 COLLOQUIUM

A summary statement of the conclusions of the papers from the 1971 colloquium
would help to put the findings and conclusions of the papers of this colloquium
In context. The four questions posed to the authors and the overriding conclu-
sions for each question were as follows:

1. "What do we know about the relationship between R&D and economic
growth/productivity?"

"Although what we know about the relationship between R&D and economic
growth/productivity is limited, all available evidence indicates that R&D is an
Important contributor to measure this relationship (at the level of the firm, the
Industry, and the whole economy) points in a single direction-the contribution
of R&D to economic growth/productivity is positive, significant and high."

2. "How good is the current state-of-the-art on the subject?"
"While there are differences concerning the adequacy of present research

findings, these seem to affect the degree of confidence the contributors place on

1Nntional Seience Foundation. "Research and Developmont and Economic Growth/Pro-ductivity, Papers and Proceedings of a Colloquium" (Washington, D.C.: GovernmentPrinting Office, 1972).
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the estimates rather than the direction and rough magnitude of the estimates.
The current state-of-the-art is not strong enough to permit definitive estimates
of the contribution of R&D to economic/productivity and results are subject to
considerable error. Nonetheless, the results cited in the papers lead each of the
authors to the conclusions stated above."

3. "Are we in a position to make any judgments concerning whether the United
States in under- or overinvesting in R&D purely from the economic growth/
productivity aspect?"

"The authors agree that, based upon the evidence, good judgment would lead
to the conclusion that the United States is probably underinvesting in civilian
sector R&D from a purely economic growth/productivity point of view.

However, nothing can be said, based upon this conclusion as to where particular
R&D investments should be made. What this judgment means is good reason
to expect that a well diversified incremental R&D investment will result in
high payoffs similar In magnitude to those of the past."

"What might be the next logical steps in furthering our knowledge of the
relationship so as to reduce the area of judgment?"

"All contributors agree that many of the limitations discussed in the papers
are a result of the relatively small amount of research attention given to this
subject. No one is satisfied with the current state-of-the-art and priorities in this
respect are suggested in the papers, as follows: Mansfield: 21-36; Fellner: 37-46,
Griliches: 47-51."

IV. FINDINGS AND CONCLUSIONS

This section presents a summary of the five papers organized around the ques-
tions listed in the section of Scope and Purpose. The summary consists of two
parts: first, it presents the central conclusion extracted from the papers with
respect to each question; second, it presents the findings and observations from
individual papers which support and extend the major points made in the
conclusion.

(1) What additional information has been developed since 1970 about the con-
tributions of R&D to economic growth/productivity and about the adequacy of
R&D investments for economic purposes?
a. Contribution to economic growtt1/productivity

Recent research has reinforced the earlier findings that the contribution of
R&D to economic growth/productivity is high. In addition, the research on in-
dustrial R&D suggests the contributions differ by industry and by source of fund-
ing (e.g., government versus private). Also, the research shows that the economic
benefits to society exceed substantially the returns received by the firms producing
the R&D outputs. Unfortunately, little progress has been made in solving basic
measurement and modeling problems, which were cited in the 1971 colloquiums.

b. Adequacy of R&D inve8tntent8 for economic purposes
As in the 1971 colloquium, the authors of the present papers state as their

impression that there may be some underinvestment in R&D on an aggregate
basis. However, the current state of knowledge suggests that for public policy
purposes inadequacies in R&D investment must be considered on a case by case
basis.

(2) What conclusions do the research and experience since 1970 suggest about
options for government actions to influence the rate and effectiveness of R&D?

Recent research and experience teach us that indiscriminate government in-
tervention is likely to be ineffectual in promoting R&D for economic purposes and
may be detrimental to the economic use of scarce resources. Aside from macro-
economic stimulus, designing constructive interventions is more difficult than
generally believed. Instruments must be applied selectively to take account
of specific outcomes described or market conditions.

3. What are topics for major incremental gains in knowledge?
One of the authors may have been speaking for all when he concluded,
.. [W]e have not 'solved' many of the 'problems' that the 1971 colloquium

highlighted, but we at least now know much better what the real issues are and
how they ought to be addressed (Eads, page D-18). Each paper suggests a few
topics for research. Expectations for answers should be realistic, since as another
author concludes, ". . ., I should stress once more that the problems of modeling,
measurement, and interpretation in this area are exceedingly complex, and that
economists are unlikely to be able to provide more than partial answers to im-
portant questions facing policy makers." (Mansfield, page A--16).
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37. U.S. National Science Foundation. Research and Development and Economic Growth/
Productivity: Papers and Proceedings of a Colloquium. Washington, U.S. Govern-
ment Printing Office, 1972, 84 pp. (NSF 72-303).

SUMMARY OF THE PAPERS

(By Leonard L. Lederman) t

The following summary of the four papers is organized around the questions
listed in the section on Scope and Purpose. The summary consists of first, a brief
statement representing the overriding conclusion expressed in the papers with
respect to each question and then material drawn from the papers which provide
support for and extension of the major points made in the conclusion as well as
the range of views held.

(a) What do we know about the relationship between R&D and economic
growth/productivity?

Although what we know about the relationship between R&D and economic
growth/productivity is limited, all available evidence indicates that R&D is an
important contributor to economic growth and productivity. Research to date
seeking to measure this relationship (at the level of the firm, the industry, and
the whole economy) points in a single direction-the contribution of R&D to
economic growth/productivity is positive, significant and high.

* S * * * * *

Various studies have attempted to establish different things. First they have
examined the correlation between R&D time series (or R&D aggregated over a
number of years) and time series of productivity increase (or productivity in-
crease over a number of years) . . . A positive and significant correlation has
usually been found . . . Some have calculated rates of return and marginal rates
of return on investment in R&D. These have usually been quite high, but they vary
widely. (Stewart, page 12)

a * * e e e

. . .it is celar that the current state-of-the-art in this area is not strong enough
to permit definitive estimation of these relationships. Nonetheless, although the
results are subject to considerable error, they establish certain broad conclusions.
In particular, existing econometric studies do provide reasonably persuasive evi-
dence that R&D has a significant effect on the rate of productivity increase in
the industries and time periods that have been studied. (Mansfield, page 25)

* a e * e e

. . .these studies rely on the results of several econometric investigations that
indicate that, for the industries and fields under investigation, the marginal rate
of return from an investment in research and development has been very high.
(Mansfield, page 28)

a e C e e * *

All reasonable ways of looking at the matter lead to the conclusion that the
rates of return are very high as compared to usual estimates of rates of return
on capital formation.

e v e e a e e
Investment in research, both private and public, has clearly been one of the

major sources of growth in output per man in this century. It has been a good
investment both in the sense that it yielded a positive rate of return, and in the
sense that this rate of return has been as good and often better than the rate of
return on other private and public investments. The evidence for these state-
ments is scattered: much of it is secondhand: but it is still quite strong.
(Griliches, page 47)

The actual estimates of contribution and rate of return can only be under-
stood in terms of what level is under study (e.g., individual innovations, the
firm, the industry, the economy as a whole), what is being measured (e.g., con-
tribution to economic growth, to national productivity, to the productivity of an
individual industry or firm), and what methodology is employed in making
the measurement (e.g., direct econometric measures, aggregate residual meas-
ures). Accordingly, the reader must read the full context in which such esti-
mates are provided. The following are the major estimates provided with a refer-
ence to the text which is necessary for proper understanding.

*Deputy Head, Office of Economic and Manpower Studies, National Science Foundation.
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Turning to manufacturing, Mansfield and Minasian estimated the mar-
ginal rate of return from R&D in the chemical and petroleum industries.
Mansfield's results indicated that the marginal rate or return was about
40 percent or more in the petroleum industry, and about 30 percent in the
chemical industry if technological change was capital embodied (but much
less if it was disembodied). Minasian's results indicated about a 50-perecnt
marginal rate of return on investment in R&D in the chemical industry.
In addition, Mansfield provided some evidence that the marginal rate of
return seemed relatively high (15 percent or more) in the food, apparel, and
furniture industries. (Mansfield, page 28)
* * * * . * *

As explained on pp. 19-20 of my article In the March 1970, issue of the AER
(AEA presidential address), the average rates of return calculated in the manner
described above fall in the range between 31 percent and 55 percent for 1966.
(Fellner, page 42)

* e e * * * *

This evidence is of three kinds: individual invention returns calculations, in-
dustry studies, and aggregate residual attribution calculations . . . The Internal
rates of return implied by these estimates of individual inventions are quite high
(10 to 50 percent per annum), even though they are usually based on conservative
assumption . . .

While each of these (industry) studies is subject to a variety of separate res-
ervations, together they all point to relatively high (30-50 percent) rates of
return on average to both public and private investments in research. (Griliches,
page 47)

Thus, without knowing definitively what is the relation between R&D and
productivity change, we can safely conclude that our existing measures of produc-
tivity change understate the contribution of R&D. (Stewart, page 18)

(b) How good is the current state-of-the-art on the subject?
While there are differences concerning the adequacy of present research find-

ings, these seem to affect the degree of confidence the contributors place on the
estimates rather than the direction and rough magnitude of the estimates. The
current state-of-the-art is not strong enough to permit definitive estimates of the
contribution of R&D to economic growth/productivity and results are subject to
considerable error. Nonetheless, the results cited in the papers lead each of the
authors to the conclusions stated above.

By the standards of the scientific community one cannot be strongly assertive
above some of the analytical results to be presented, in particular about the un-
derallocation of resources to the progress-generating activities. The conclusions
will be formulated accordingly. However, in most practical decision problems It
is necessary to rely on somewhat inconclusive evidence, and the indications de-
rived from the materials here surveyed are strong enough to be considered anal-
ogous to indications on the basis of which action is indeed taken in many real-life
situations. (Feliner, page 37)

* * a * . a a

In conclusion, technological change has certainly contributed In a very im-
portant way to economic growth in the United States. Although existing studies
have not been able to estimate this contribution with great accuracy, they have
certainly indicated that this contribution has been large. Moreover, although
econometric studies of the relationship between R&D and productivity increase
have been subject to many limitations, they provide reasonably persuasive evi-
dence that R&D has an important effect on productivity increase in the industries
and time periods that have been studied. (Mansfield, page 33)

The research results reported above are subject to a number of important limi-
tations of at least two major kinds:

1. Limitations concerning the specific findings and specific methodologies
employed. Examples include: the difficulty of going from contributions of
technological change to the specific contribution of R&D; the problem of
estimating the time lag between R&D investment and economic impact;
difficulty in deflating R&D expenditures for price changes. These are best
considered simultaneously with the findings, and the references provided
above (a) should enable the reader to do this.
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2. Limitations that are more general and affect much, if not all, of the
work to date. Examples include: difficulty of isolating any one factor (i.e.,
R&D) from the complex interaction of factors contributing to economic
growth/productivity; measurements that inadequately reflect quality
changes; positive correlations that do not necessarily imply causation. The
following excerpts from the papers summarize this second kind of limitation.

The state-of-the-art is least satisfactory in measuring the relationship between
R&D and productivity gain. This is true for two reasons: 1. R&D (or economic
resources devoted to the advancement of productivity-relevant technological
knowledge) is not the only source of productivity growth; and 2. R&D and other
sources of growth are interdependent.

Other factors in productivity gain which have been stressed include organiza-
tional and managerial progress and economies of scale and urbanization. But
their contribution is no more readily quantified than that of R&D. The major
difficulty seems to be interdependence. (Stewart, page 17)

e e e . e* * e

First, the measured rates of growth of output on which these estimates are
based suffer from a very important defect, particularly for present purposes,
because, to a large extent, they fail to give proper credit and weight to improve-
ments in the quality of goods and services produced, and these improvements are
an important result of research and development. For example, the growth rate
would have been the same whether antibiotics were developed or not, or whether
we devoted the resources used to reach the moon to public works. In general, only
those changes in technology that reduce the costs of end products already in
existence have an effect on measured economic growth. Unfortunately, the meas-
ured growth of national income fails to register or indicate the effects on con-
sumer welfare of the increased spectrum of choice arising from the introduction
of new products. (Mansfield, page 22)

There are difficulties caused by the fact that much of the Nation's R&D is de-
voted to defense and space purposes. For example, some observers note the tre-
mendous increase in R&D expenditures in the postwar period and conclude that,
because productivity has not risen much faster in the United States than before
the war, the effect of R&D on economic growth must be very small. What these
observers forget is that the bulk of the Nation's R&D expenditures has been
devoted to defense and space objectives and that the contribution of such expendi-
tures to economic growth may have been limited.

Even If one were sure that the R&D figures were reliable, there would still be
the possibility of spurious correlation. Firms and industries that spend relatively
large amounts on research and development may tend to have managements that
are relatively progressive and forward-looking. To what extent is the observed
relationship between R&D and productivity increase due to this factor rather
than to R&D? Obviously, this is difficult to answer since the quality of manage-
ment is very difficult to measure. Nonetheless, most investigators seem to feel
that only a small part of the observed relationship is due to spurious eorrela-
tion of this sort. (Mansfield, page 24)

A large percentage of the R&D carried out by many industries is directed at
productivity increase in other industries. Consequently, relationships between
R&D in an industry or firm and productivity increase in the same industry or
firm catch only part of the effects of R&D. . . . Also, the estimates that are
obtained depend on the extent of the lag between the time when R&D is carried
out and the time when the effects of R&D show up in productivity Indexes.
Clearly, this lag is often substantial. Unfortunately, the models on which these
estimates are based often make very crude assumptions concerning the length
of the lag. (Mansfield, page 24)

Studies of national productivity vary in completeness. Some limit themselves
to the private nonfarm economy; others cover the total private market economy;
others include government as well. The reason for excluding government in some
studies is the lack of any measure of government output, and therefore of pro-
ductivity change. As a result, studies including government count it at cost,



120

probably understating productivity gain for the economy as a whole. Some studies
assume a productivity gain in government equal to that in the service sectors
(not all of which have measurable output and therefore measured productivity
change). (Stewart, page 15)

Technological progress has harmful as well as beneficial byproducts and the
harmful byproducts also expres themselves largely in nonmarket results which
may be regarded as negative nonmarket values. These negative items evade
rough numerical appraisal by rule of thumb, and this is partly because It is not
clear to what extent they are associated with technological progress in its various
phases. (Fellner, page 41)

The rate of utilization of plant and equipment varies substantially as a per-
centage of capacity. This results in cyclical variation in capital (and total factor)
productivity. But if there is a long-run trend toward fuller utilization of capacity,
total factor productivity increase will be slightly higher than it would have been
for a given level of utilization. (Stewart, page 15)

(c) Are we in a position to make any judgments concerning whether the United
States is under- or overinvesting in R&D purely from the economic growth/pro-
ductivity aspect?

The authors agree that, based upon the evidence, good judgment would lead
to the conclusion that the United States is probably underinvesting in civilian
sector R&D from a purely economic growth/productivity point of view. How-
ever, nothing can be said, based upon this conclusion, as to where particular R&D
investments should be made. What this judgment means is that there is good rea-
son to expect that a well diversified incremental R&D investment will result in
high payoffs similar in magnitude to those of the past.

Turning to the adequacy of the Nation's investment in research and develop-
ment, there is too little evidence to support a very confident judgment as to
whether or not we are underinvesting in certain types of research and develop-
ment. However, practically all of the studies addressed to this question seem
to conclude, with varying degrees of confidence, that we may be underinvesting
in particular types of R&D in the civilian sector of the economy, and the esti-
mated marginal rates of return from certain types of civilian research and
development seem very high. (Mansfield, page 33)

Reasonable estimates lead to the conclusion that the returns are very high
in the American economy. A good case can therefore be made for increasing
the weight of progress-generating inputs in the economy as a whole. Of late we
have been moving more in the opposite direction. (Fellner, page 37)

Most economists, if queried, would assert that there is underinvestment In
research by private firms because much of Its product is not capturable (appro-
priable) by the private firm. (Griliches, page 48)

The first proposition Is that, because the results of research are often of
little direct value to the sponsoring firm but of great value to other firms, there
is good reason to believe that, left to its own devices, the market would allocate
too few resources to R&D-and that the shortfall would be particularly great
at the more basic end of the R&D spectrum. . .

The second proposition is that, because research and development is risky
for the individual firm, there is good reason to believe that the market, left
to its own devices, would allocate too few resources to R&D. Of course, the risk
to the individual investor in R&D is greater than the risk to society, since the
results of the R&D may be useful to someone else, not to himself. and he may
be unable to obtain from the user the full value of the information. Because
the economic system has limited and imperfect ways to shift risks, these would
be an underinvestment in R&D. For this reason too, one would expect under-
investment to be greatest at the more basic end of the R&D spectrum. (Mans-
field, pages 25)

(d) What might be the next logiral steps in furthering our knowledge of
the relationship so as to reduce the area of judgment?

All contributors agree that many of the limitations discussed in the papers are
a result of the relatively small amount of research attention given to this subject.
No one is satisfied with the current state-of-the-art and priorities in this respect
are suggested in the papers, as follows: Mansfield: 21-36; Fellner: 37-46; and
Griliches: 47-51.
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38. U.S. National Science Foundation. Science and Technology: Annual Report to theCongress. Washington, U.S. Government Printing Office, 1978, 137 pp.

SUMMARY

This first annual science and technology report discusses some of the key
developments and public policy issues concerning the funding and performance
of U.S. science and technology. Chapter 1 provides a strategic overview of current
issues and policy questions. The Federal S&T policy and R&D budget choices are
discussed in Chapters 2 and 3. The theoretical and empirical bases for govern-
ment R&D policy are set out in Chapters 4 and 5. These chapters also discuss the
policy tradeoffs between direct and indirect government action to influence the
R&D "market". Finally, Chapters 6 and 7 discuss issues connected with main-
taining a sound R&D capability in industry and universities.

Highlights of the findings and policy implications from each of these sections
are presented below.

FEDERAL FUNDING OF RESEARCH AND DEVELOPMENT (CHAPTEBS 2 AND 3)

As the supplier of about one-half of the Nation's R&D expenditures, the Fed-
eral Government has a strong influence on priorities and developments in S&T.
Chapter 2 looks at the 10-year national and Federal funding patterns for R&Das background for a more detailed examination of the current fiscal year R&D
budget decisions. Some ofthe more significant trends recorded are:

Total national R&D expenditures in FY 1979 will be double (in current
dollars) the amount spent 10 years earlier.

Between 1969 and 1975, Federal R&D funding declined 17 percent in constant
dollars but since his climbed 14 percent.

Federal R&D priorities have shifted toward civilian-oriented programs and
away from defense and space. However, this trend has reversed in the
last two years.

Since 1976 Federal basic research obligations have increased by 25 percent in
constant dollars.

R&D AND ECONOMIC PROGRESS (CHAPTER 4)

Economists have in recent years turned their attention increasingly to the
relation of R&D to economic progress as measured by such indicators as gross
national product (GNP) and productivity. Although there are many reservations
about methods and data, economists have agreed on these points.

1. R&D is an important contributor to economic growth and productivity,
whether measured at the level of the firm, an industry or the whole economy.

2. R&D investments by industry generate relatively high rates of return com-
pared to estimates of return on other types of investments.

3. The U.S. is probably underinvesting in the civilian R&D sector from a purely
economic growth/productivity point of view.

4. The market mechanism by itself is likely to lead to an underinvestment in
research and development from society's point of view.

The last two points are usually explained by the lack of appropriability of
basic research results on one hand, and on the other, high risks and high costs
associated with some socially desirable demonstration and development projects.These risks and costs are sometimes viewed as exceeding the capabilities of the
private sector, despite the potential of high overall benefits to society.

It is postulated that the existence of these conditions provides a rationale for
action by government. But there is no consensus on the proper type and amount
of government action. The approach taken to date has been to increase govern-
ment funding of basic research and to initiate limited experiments to alter
market incentives. However, a major Administration policy review is underway
in the area of industrial innovation that will take stock of these approaches and
assess the need for enhanced incentives. For example, it has been suggested that
Federal tax policies should favor R&D expenditures, and that regulations on
patents and health, safety and environment standards might be changed to in-crease innovation. There is growing concern over diversion of industrial R&D
from creating new and improved products, processes, and services toward satis-
faction of regulatory constraints. While no specific policy responses are indi-
cated in this report, the studies reviewed in Chapter 4 suggest several criteria
and guidelines for public policy:
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1. Federal S&T policy and practice should be consistent with economic and
social policy.

2. Federal policy and practice should be consistent over time and should avoid
constant change and uncertainties, which discourage private investment.

3. Whenever possible, Federal policy and practice should reinforce and help
perfect private market forces rather than substitute for them. There is growing
evidence that governments tend to carry substitution activities too far or remain
involved too long.

COMPARATIVE PERFORMANCE OF U.S. TECHNOLOGY (CHAPTER 5)

Aggregate data on R&D inputs of several countries show a rise in rates of
technological investment above that of the U.S. for the period 1963-1977. These
data include R&D as a share of GNP and the ratio of R&D scientists and engi-
neers to total labor force. The relative decline of the U.S. position measured by
these ratios can be attributed partially to the reduction in U.S. Government
R&D funds since 1969 for national defense and space. While industrial R&D
funding in West Germany and Japan has narrowed U.S. leadership, a closer look
at cross-national data on R&D spending shows that the R&D intensity of U.S.
manufacturing industries (the ratio of R&D spending to value added in manu-
facturing) compared favorably with all industrial nations through 1973 and that
the United States had, in general, maintained its relative position.

Data on technological output (e.g., patenting, licensing, and International earn-
ings from R&D intensive activities) are inadequate to enable us to make un-
qualified claims regarding U.S. technological capabilities. Based on the data we
do have, it seems fair to say that there has been little or no erosion In U.S.
technological capabilities. Neither the available economic nor technical indicators
provide hard evidence of an eroding U.S. technical position which can be tied
to negative economic consequences. The United States continues to gain strength
in the commercial exploitation of technology. However, in specific technical fields,
some foreign competitors likely will overtake the United States and some will fall
farther behind. Overall, the United States appears to be maintaining its scien-
tific and technological alvantage. Nevertheless it would be advisable to continue
monitoring the trends. Given continuing evidence of high private and social re-
turns, it would appear prudent for the United States to sustain, or, If possible,
to increase current and projected investments in R&D.

BASIC RESEA CH IN INDUSTRY (CHAPTER 6)

The Administration has indicated its concern over the continued health of
innovation in the industrial sector by launching a major policy review. One
cause of the concern is industry's alleged shift away from longer-term research
(basic and applied) to shorter-term development work and the implication that
this might have adverse effects on U.S. economic well-being.

Over the 1960-1977 period there has been indeed, a gradual shift in industry's
allocations of R&D resources away from basic and applied research to develop-
ment. At present there is no general agreement as to whether this trend will
have an adverse effect on the U.S. economy. One reason for this is the extreme
difficulty in isolating and measuring the contribution of basic research to eco-
nomic growth and industrial development relative to the contribution of other
R&D categories.

One suggested implication of the decline in industrial basic research is that
knowledge transfer or dissemination mechanisms will gain importance. This is
because industry increasingly is relying on outside contracts for basic research.
Judging from its behavior, industry apparently believes that effective transfer
is possible and that researchers in other sectors are prepared to deal with indus-
try's interests in near term payoff.

A greater role for industry in basic research may be desired. Industry funding
of more basic research may improve the process of transforming research find-
ings into improved productivity and output growth, and might expand the re-
search base of the economy. Encouraging research in Institutions with a sub-
stantial ability to cost share may enable the government to increase the leverage
of a given Federal research budget.

Currently, there is very little quantitative evidence on the cost and effective-
ness of alternative incentives for encouraging R & D and innovative activity.
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Even less is known about the impact of such policies on basic research. New
information on these issues will appear during the Administration's major policy
review discussed in Chapter 1.

SOME ISSUES IN SUPPORT OF ACADEMIC SCIENCE (CHAPTER 7) *

Universities and colleges perform over one-half of all basic research in the
Nation and receive over half the Federal Government's funds for basic research.
While Federal-university ties are strong, a number of trends have developed that
cause concern, including:

University perceptions of pressure to conduct more applied research;
Differential rates in Federal funding by field of science which influence the

supply of researchers;
Declining research opportunities for new scientists; and
Deteriorating instrumentation and other supporting resources for academic

research.
Considerable concern is being expressed today that failure to reverse these

patterns could cause a serious erosion of the Nation's academic research base.

CHAPTER 1. STRATEGIC OVERVIEW

Americans can be justly proud of their role in the advancement of science. For
example, U.S. scientists author almost 40 percent of the world's scientific and
technical publications. There has been some worry, though, that the continued
preeminence of American science is threatened. In the late 1960's and early 1970's
there was a decline in real dollars in the level of support for U.S. basic research.
It was believed that this trend would lead to reduced scientific productivity in
the future. The growth in basic research funding in the last few years-described
later in this report-should help maintain our scientific capability.

Although those involved in basic research pursue their work to better under-
stand nature, scientific achievement, in many cases, becomes linked to tech-
nological innovation and economic development. In a simple model of economic
change, the sequence proceeds from basic research to applied R&D, then to
technological innovation, and finally to economic growth and the increase in
social welfare. Of course, our actual system is much more complex and subtle
than this model implies. Often applied research or even development wiU open
new avenues of inquiry for basic science, and all basic research cannot be ex-
pected to lead directly to technological advance. Nonetheless, a positive relation
exists between R&D and increased social and economic welfare.

In discussing R&D policy, there is one overriding issue. We need a better
definition of, and greater consensus on, our long-term goals in R&D. Indeed, this
need is one that we periodically recognize as important. The latest recog-
nition can be found in Public Law 94-282, which created the Office of Science and
Technology Policy. Title I of this Act finds that "the many large and complex
scientific and technological factors which increasingly influence the course of na-
tional and international events require appropriate provision, involving long-
range, inclusive planning as well as more immediate program development..."
The Act also speaks of Federal funding for S&T as representing "an invest-
ment in the future" and refers to the need for "policy planning" and the "mainte-
nance of a solid base for science and technology . .. "

Viewing R&D as an investment choice implies reeoznizing that continuity
and long-range support are essential to the entire scientific and technological en-
terprise. Although R&D should neither be disengaged from the Federal budget
cycle nor be locked into inflexible plans, the design and emphasis of our R&D pro-
grams should not be rehashed and redirected in each budget cycle. A longer-term
approach would allow sufficient continuity so that programs could build momen-
tumi. Moreover, the establishment of long-range goals would provide benchmarks
for measuring our progress. Perhaps more important, a multi-year strategy of
planning and support would provide needed encouragement to our scientists and
technicians and their support staffs. If we are to attract and hold the best people
in any discipline-and expect them to produce their 'best-we have to provide
continuity and stability.

A related and recurring issue is the need for clearer understanding on how the
burdens and responsibilities for R&D funding should be shared. For example,
although our long-range goals may provide guidance in choosing areas for em-

56-367 0 - 81 - 9
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phasis in development, there remains the problem of defining the appropriate role
for Industry. The approach in some costly, high technology fields, such as the
generation of nuclear power, has been for the Federal Government to carry a
technology well into the demonstration stage before turning it over to the private
sector.,

Many believe that by providing incentives, or reducing risks and uncertainties,
industry could and should be brought into the development phase much earlier.
It is argued that industry can be far more effective in development than the
government because of its greater sensitivity to market forces. Moreover, the
costs of development might well be less if industry bears part of the burden. The
problem, of course, is designing an appropriate relationship between government
and industry in each particular situation. The approach must be tailored to the
structure of the industry, the state of the technology, and the market for the
innovation, as well as the societal need for the technology and its accelerated
development. Continued analysis is both important and necessary. During the
next year, the Administration will give high priority to such analysis. Chapters
4-7 of this report are designed to provide some of the intellectual foundations
for that analysis.

Another strategic Issue that warrants continued examination is enhancing the
linkage between the performers of research, in particular between industry and
universities. As the data discussed later in this report indicates, most of the
basic research in the U.S. is performed in a university setting, whereas the
development effort is largely an industrial activity. If the desired flow of infor-
ination is to occur, as well as the highly valuable cross-fertilization, it is impor-
tant that industry-university relationships be strengthened and that technology
transfer mechanisms be improved. NSF has made and is making some explora-
tory efforts in this area, as has the Department of Defense's Advance Research
Project Agency (ARPA). Some states are having success in bringing their uni-
versities and industry closer together. Nonetheless, continued surveillance is
warranted to assure that the organizational structure of our research enterprise
does not inhibit the flow of scientific and technical information.

The distribution of scientists and engineers is another important issue. It has
always been difficult to regulate the flow of men and women into the various
science and engineering fields, to provide opportunity for our trained talent, and
to match that talent to the changing needs of government, industry, and aca-
demia. We are now in a particularly trying period because our changing demog-
raphy is leading to declining enrollments in universities. In the U.S., teaching
and research have in the past always been considered joint products of the higher
education system. But this means the supply of researchers is heavily dependent
on our educational requirements. Given the prospect of decreasing enrollments,
many recently trained scientists and engineers cannot find work in the academic
sector. Since these individuals represent a highly productive resource, we need
to re-examine programs and policies concerning these new investigators. Better
mechanisms must be developed for anticipating the needs of various fields and
directing our talent to them.

The adequacy of our facilities and equipment is hopefully a short-range issue.
The success of our R&D effort has become increasingly tied to the use of larger,
more sophisticated equipment and facilities. Today's work demands both elabo-
rate equipment, and complex and sensitive instrumentation. Moreover, this often
fragile gear must be housed, maintained, and serviced properly. Not surprisingly,
the cost of such equipment has grown rapidly. Indeed, inflation has struck sci-
ence-price increases of some equipment seem to take quantum leaps. Concur-
rently, our budget allocations have not kept pace with the cost increases and
there is widespread concern that we have an inventory of aging equipment that
may need replacement. More precise information is required to pinpoint the age,
composition, and distribution of this equipment. In some fields, it may be pos-
sible to alleviate the problem by requiring more sharing of expensive new equip-
ment and facilities than has been typical in the past. Some experiments in equip-
ment sharing are being conducted by NSF. Other agencies may have to increase
their efforts as well.

In sum, while our Federal R&D program is a strong one, many policy issues
concerning our national S&T activities need to be addressed. Fair and cost-
effective solutions are needed. Among these concerns is the question of whether
the Nation's capability to remain technologically innovative is adequate. In light
of this concern, the President has directed that a cabinet-level study of the inno-
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vative issue be undertaken, under the overall direction of the Secretary of Com-
merce. This major review has the aim of proposing policy options to the Presi-
dent for revision of Federal policy, where appropriate, so as to encourage more
innovative activity by industry. The agenda of the study is both broad and am-
bitious. But this breadth reflects the fact that the problem is important and
the policies affecting innovation are diverse. Indeed, in light of the importance
of the study, much of this annual report is directed at issues touching on
innovation.

President Carter has stated:
"The growth of scientific knowledge and its use in the science of mankind is an

important concern of our time-we must continue to invest in the development
of fundamental knowledge to help meet the challenge and opportunities of the
future."

The Administration is dedicated to assuring that our scientific and technologi-
cal strength continues to grow. We will continue to work to resolve the problems
that confront us.

39. U.S. National Science Foundation. Office of National R. & D. Assessment. Serving
Social Objectives via Technological Innovation: Possible Near-Term Federal Policy
Options. Washington, U.S. Government Printing Office, 1973. 97 pp.

INTRODUCTION, OVERVIEW AND SUMMARY

INTRODUCTION-SCOPE AND PURPOSE

Ill the late fall of 1972, the Executive Office of the President (EOP) began to
give consideration to ways and means of following up on the President's Science
and Technology message of 1972. As one aspect of this activity, NSF's-National
R. & D. Assessment Program was requested to define and perform a preliminary
analysis of possible near-term options available to the Administration to pursue
the policies stated in the first Presidential message on Science and Technology
to:

Stimulate technological Innovation,
Enhance non-Federal investment in R&D and innovation,
Remove barriers to technological innovation,
Increase the application of technological innovation to State, local and re-

gional problems.
There have been a number of studies indicating that the social and private rates

of return on investments in research, development and technological innovation
are quite large. That is, technological progress and technological innovation play
a key role in promoting the economic and social welfare of the nation. The focus
of the eight papers in this volume is not on promotion of technology per se, but
rather on identifying options which serve social objective via technological in-
novation. The papers revolve around the themes of (1) stimulating the adoption
of socially useful technological innovation, and (2) removing barriers that in-
hibit the adoption of socially beneficial technology.

The eight papers presented here identify and examine opportunities for increas-
ing socio-economic returns through the vehicle of technological innovation. To do
so, these papers: (1) examine selected problems and opportunities in the genera-
tion and use of technology, and (2) carry out preliminary analyses of near-term
options that might be considered with regard to Federal policies toward tech-
nological innovation.

The eight papers deal with diverse topics that can be considered individually
or in various combinations. Adoption of any of the options depends upon the im-
pact the Administration wishes to make on (1) the problem areas discussed in
each paper, (2) the science and technology community, and (3) the policies
pronounced in the Presidential message.

The papers discuss the following subjects:
I. Government Loan Insurance for Innovation
II. Federal Regulatory Practice and Technological Innovation
III. Government Purchasing and Technological Innovation
IV. Special Revenue Sharing and Innovation
V. Promotion of Efficiency Energy Use
VI. Technnological Innovation and Small Firms
VII. Training to Facilitate Diffusion of Technology
VIII. Public Technology
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The papers discuss the following kinds of questions in assessing the feasbility
of options which might be considered in the short term:

Is there evidence of a problem?
Can the causes of the problem be eliminated or the negative impacts

lessened?
Can technological innovation assist in ameliorating the problem?
Is there a set of policy options which can be considered in the short run

to overcome the problem or take advantage of an opportunity?
What are the pros and cons of the policy options considered?

The short term options discussed here require further examination (e.g.,
with relevant Federal agencies) should they be attractive to policy makers.
Longer-term options also need to be studied and this Is the major purpose of the
Naitonal R&D Assessment Program. Nonetheless, this exercise has served the
following important purposes:

a. Presenting a kijllted number of options that could be considered for near
term action by the EOP in implementing Presidential policy pronouncements.

b. Launching the new National R&D Assessment Program and its analytical
staff in a pragmatic exercise of bridging the gap between knowledge from R&D
and Federal policy.

c. Beginning the working relationship between NSF and the EOP envisioned
in the establishment of the National R&D Assessment Program.

OVERVIEW-CRITERIA AND THEMES

The primary objective in each paper was to analyze alleged problems on oppor-
tunities for Federal action highlighting the trade-offs among selected policy op-
tions and specified criteria which are employed by policy makers.

The policy options should address a problem (or opportunity) which is within
the scope of Federal activity.

The policy options should address a problem of long term importance.
The policy options should address areas in which there are significant public

benefits beyond private benefits (externalities).
The policy options should require little in the way of Federal expenditures.
The policy options should not foreclose future options nor should they lead to

future problems or significant future costs.
The policy options should be capable of being initiated with relative ease and

rapidity, i.e., they should not require a major legislative change nor should they
be likely to raise Congressional opposition.

The policy options should be flexible and alterable without serious problems.
The policy options should yield identifiable and measurable progress toward

intended objectives in the short term (within three years).
A method for evaluating the policy options should be available.
The policy options should not duplicate existing functions, policies or programs.
The policy options should not conflict with other government policy objectives

of equal, or greater, importance than technological innovation.
The policy options should be of a nature that the manpower, institutional and

technical requirements to implement them are available or can be obtained in the
short term.

The problem and policy options should be such that data and information are
available and some preliminary research completed.

The policy options should have few potential negative secondary effects and
none of major consequence.

No single option with respect to any given problem is likely to meet all these
criteria. The papers use these criteria to assess a set of options, with respect to
each problem. Before further work on the options is pursued, those responsible
for policy-making should express their preferences for the criteria and options
and thereby provide the analysts responsible for further work with their judg-
ment of the weight to be given particular criterial in specified circumstances.
The process most likely to yield results is believed to be an interactive one, in-
volving research, analysis, and guidance from policy makers.

While it is difficult to generalize, a number of themes run through these
papers. One theme of the papers is that of fostering technological innovation
through improved decision-making. For example:

Insured loans-using insured loans to make the risk bearing and decision-
making characteristics of lenders more conducive to financing technological
innovation.
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Regulatory agencies-improving the degree to which Federal regulatory agen-
cies consider the impact on technological innovation in the course of reaching
decisions.

Performance specification-utilizing performance specifications to raise the
quality and improve the innovative content of government purchases.

Efficient energy use-establishing standards which encourage innovation and
more efficient energy utilization.

Small firms-providing improved technological capabilities and information
to small firms.

The papers also illuminate the institutional and individual incentive problems
that currently impede (or could promote) technological innovation. For example:

Insured loans-increasing incentive to financial institutions to underwrite
technological innovation.

Regulatory agencies-lessening impediments (disincentives) in the regulatory
agencies serving to discourage technological innovation in industry.

Performance specifications-the lack of positive incentives for innovative gov-
ernment purchasing.

Special revenue sharing-the lack of incentives, due to externalities, to State
and local government to undertake technological innovation.

Throughout the papers reveal an underlying theme of conservation of resources
of efficiency in achieving selected objectives. For example:

Insured loans-the conservation of Federal financial resources through pro-
grams designed to support and encourage non-federal funding of technological
progress.

Performance specification-the conservation of Federal and other government
financial resources by more efficient purchases through better use of technology.

Special revenue sharing-the maintenance of Federal incentives for technologi-
cal innovation at the state and local level.

Energy conversion-the conservation of resources through more efficient energy
utilization.

40. U.S. National Science Foundation. Office of National R. & D. Assessment. Tech-nological Innovation and Federal Government Policy: Research and Analysis of theOffice of National R. & D. Assessment. Washington, 1976. 73 pp.

SOME RESEARCH FINDINGS

Some of the initial findings of RDA's research and analysis are summarized
below. These are discussed more fully in Parts II through IV, at the pages noted.

PART If. GOVERNMENT INVESTMENT IN INNOVATION

There is persuasive empirical evidence that R&D and technological innova-
tion have had a significant position effect on the growth of productivity, and eco-
nomists have argued that the U.S. is probably underinvesting in civilian sector
R&D from the point of view of economic growth and productivity. (pp. 11-12)

Few firms keep accounting records in such a way that they could easily respond
to a mailed questionnaire about their expenditures for "innovation." Thus, it isdifficult to measure the amount and type (rate and direction) of innovation inprivate firms. Information about firm's expenditures for innovation can, however,
sometimes be obtained through intensive field work. (pp. 12-13)

An analysis of 17 industrial innovations revealed great variability in the rates
of return firms obtained from innovation, with a median rate of return (before
taxes) of about 25 percent. Total rates of return to society were twice as high
as the private rates of return to the firm itself. A significant proportion of in-
novation produced very low private returns but high returns to society. (pp. 13-16)

PART III. GOVERNMENT REGULATION OF BUSINESS

No consensus exists as to whether regulation has, on the whole, been beneficial
or detrimental to the overall rate and direction of innovation in industries sub-
ject to regulations, although some authors have concluded that economic regula-
tion is likely to have a detrimental effect. Although we may not necessarily ex-
pect general conclusions to emerge on the effects of government regulation on
technological innovation, limited conclusions may be possible at lower levels of
aggregation, such as within industries, areas of technology, or types of regula-
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tion. Examples of regulations which have inhibited and encouraged technology
are available. (pp. 19-22)

The importance of patent rights for a firm's innovative activity varies signifi-
cantly from industry to industry. The variance in the importance of patents may
be in part due to the existence of trade secrecy laws, which provide another
means of protecting process inventions. (pp. 26-27)

In many industries, small to medium sized firms conduct research more effi-
ciently than large firms. Increases in firm size, beyond some intermediate size,
do not appear to be especially conducive to increased R&D intensity. Medium- to
large-sized firms, however, may offer economies of scale in later phases of innova-
tion and are better able to exploit or develop R&D findings. (pp. 27-28)

PART IV. THE TRANSFER AND USE OF TECHNOLOGY

The types of Individuals and groups involved in technological innovation in
State and local governments vary considerably across functional or service areas;
and citizen and States differ widely in their needs and in conditions providing
stimuli to innovation. Hence, Federal efforts focused on helping cities and States
make decisions on whether and how, to utilize new technology in the solution of
problems may be more effective than stimulating cities and States to adopt a
given research product or technology. (pp. 31-34)

There is no clear-cut relation between foreign direct investment and "R&D
intensiveness" of industries; in contrast, international licensing tends to vary
directly with the "R&D intensiveness" of industries. One factor which tends to
inhibit the amount of foreign direct investment and licensing is that benefits to
both selling and recipient firms are limited by the substantial costs often entailed
in technology transfer. Available evidence suggests that foreign direct investment
in general makes a small contribution to international diffusion of technology.
(pp. 36-39)

In the short run, technological change has altered the skill requirements In
specific jobs and industries, but often this structural unemployment has been
accompanied by employment opportunities in other industries and occupations.
Privately developed programs have handled worker adjustment problems quite
well in a majority of cases, particularly those occurring in large, unionized firms.
In contrast, employees of small and/or nonunion establishments and population
groups which are more severely or more frequently affected by change rely more
on public mechanisms, such as publicly provided income support and retraining.
(pp. 39-41)

PART V. CONCLUSIONS

To improve Federal R&D and technological innovation policy, it Is necessary
to gain greater understanding of the incentives which influence innovation, the
processes by which these influences work, and the societal outcomes of innova-
tion. In the absence of this knowledge, policies may be based on (1) incorrect
evaluations of the incentives influencing innovation and (2) incorrect assump-
tions about cause-effect relationships.

The initial series of studies sponsored by the R&D Assessment Program
included state-of-the-art assessments of knowledge about technological innova-
tion to determine whether synthesizing scattered pieces of knowledge could pro-
vide useful inputs to policymakers. The results of these studies, as well as a few
empirical studies, have been highlighted in this report. A statement from a re-
port to RDA sums up the state-of-the-art: "The state of social science literature
on matters relating to technological innovation is far too undeveloped to warrant
many strong conclusions with respect to government policy to alter innovative
behavior." And,

"The main lesson to be learned from the literature is that numerous factors
are likely to affect the innovative behavior of firms . . . Since the conditions
in which firms operate vary with respect to these factors, the only firm con-
clusion about generalized. economy-wide policy is a negative one: no universal
policy covering firms in differing market and technological environments is likely
to lead to an efficient rate and direction of technological innovation." [48, Noll,
et al., 1974]

These conclusions are echoed in the statements made earlier in this report, In
phrases such as: "is not thoroughly understood," "is elusive," "not capable of
leading to generalization," "Is still subject to debate," and "tentativeness of the
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findings." While reasons for the tentative state of our knowledge have been
mentioned throughout the report, the remainder of this part reviews some of
the research and measurement problems which beset the existing state of knowl-
edge, and indicates areas in need of research.

THE STATE OF THEORY

A basic problem in understanding technological innovation arises from an
absence of well established cause and effect relationships, i.e., an absence of
good theory. Because of inadequate theoretical understanding, i.e., an inade-
quate basis for sorting out important factors from unimportant ones, dependable
generalization often cannot be made about the effects of government policies on
innovation (or, for that matter, about the effects of numerous other variables
on innovation). In the absence of an established theory that explains why events
occur or how causes are linked to effects, resolving different or conflicting
empirical findings (much less different assertions) is difficult. Moreover, theory
helps define what variables to measure, how inputs and outputs are related
(i.e., cause and effect), and how to measure the variables. Given this outline
of the role of theory in general, what is the state of theory relating to
innovation?

Within limits, existing theory can predict the expected response, on average,
of firms and individuals to alternative government policies. For example, economic
theory allows one to predict deductively that on average a tax rebate for indus-
trial R & D may increase aggregate R & D inputs, but theory indicates neither the
amount of increment in R & D activity from a given tax rebate nor the effects on
outputs. Empirical analysis helps clarify these latter outcomes.

Among the specific problems of current theory are:
(1) R & D and innovation may not be the same thing from industry to

industry, nor over time in the same industry. A similarity of structural
conditions, individual incentives, and important variables may not exist across
industries or in different time frames. Thus an extensive and versatile
theory is needed.

(2) Social and behavioral science theory tries to predict human behavior,
i.e., inputs to the innovation process rather than outputs, and does not deal
with the prediction of technical advance per se.

(3) There are no well-defined criteria with which to formulate normative
judgments about the rate and direction of innovation.

Given the state of theory about innovation, does such theory have anything
to offer policymakers now, and can it be improved to provide a better foundation
for understanding innovation in the future? In response to the first question,
existing theory would appear to be helpful in at least two major ways.

First, although we do not know for sure what the effects of a given policy on
innovation will be, theory can help to identify at least some of the important
assumptions involved. For example, we know the incentive-disincentive structures
involved should be studied and the predicted changes in them analyzed in order to
estimate the likely effects of a policy. Existing theory does provide us with enough
knowledge of human and institutional behavior that we may question casually
assumed results expected to flow from particular policy prescriptions.

Second, we do have a considerable body of theory from which to examine and
predict movement from one technological position to another, incorporating
changes in the use of known technologies. There is a certain amount of under-
standing of the diffusion of known technologies, as opposed to the creation of
fundamentally different or new technologies. Even here, however, the lack of
understanding of the governmental processes by which policies are translated
into change in incentives facing firms limits our ability to predict the effects of
government policies on diffusion [48, Noll, et al., 1974].

If we are to go beyond statements and predictions about the use and diffusion
of known technologies (the area of our greatest knowledge) to statements and
predictions about the creation of new technologies, theoretical developments are
necessary. These may be approached both deductively (largely a function of
groups other than RDA) and inductively, that is, by supporting thorough case
studies of innovation, especially as affected by government policy. The latter
approach would provide policy information in a very narrow area (but not gen-
eralizable without many such studies) and would provide the building blocks for
more comprehensive understanding as well as some hints for the development
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of theory. In addition, some existing theories, which have not been verified
empirically could be tested for particular cases.

As this report indicates, we have only partial answers to many of the research
and policy issues raised above. This situation is frustrating for the policymaker
who is faced with immediate decisionmaking relating to R&D and other aspects
of innovation (as well as to administrators of a research program which is
designed to be "policy-relevant".) We have tried, nonetheless, to emphasis some
of the "hints" or glimmers of knowledge that do exist about R&D and innovation,
and their policy implications. It is hoped that the reader has developed a greater
unerstanding of the complex nature of technological innovation processes and the
various factors that impinge on these processes, and also some insight into
options that do and don't warrant further consideration. While exact answers
may never be available, policymaking is not an exact science and the goal is to
gain sufficient knowledge to enable Federal policymakers to provide better in-
centive to foster scientific and technological activities to achieve national
objectives.

One of our investigators made a statement about his own particular area of
research that could well be applied to the entire study of technological innova-
tion: "In the quest for this knowledge, our position is similar to that of a diner
just starting to eat an artichoke. We have tasted a leaf or two, but most of the
discovery is ahead of us. Innumerable leaves remain to be peeled off before the
heart is reached" [56, Stobaugh, 1974]. The R&D Assessment Program, through
its research and analysis efforts, is trying to help peel off some of the remaining
leaves.

41. U.S. Panel on Invention and Innovation. Technological Innovation: Its Environment
and Management ["Charple" Report]. Washington, U.S. Government Printing
Office, 1967. 90 pp.

SUMMARY

In accordance with its charter, the Panel considered three main factors affect-
ing invention and innovation: taxation, finance, and competition. On the basis
of its analysis, the Panel concluded that there was no need to recommend any
major changes in the present laws governing these three areas. However, it
did make a number of specific proposals aimed at improving the environment
for invention and innovation.

With respect to the field of taxation, the Panel made several specific recom-
mendations which it felt could provide justifiable encouragement to inventors
and innovators. Among these recommendations are proposals providing for a
more equitable treatment of innovation losses, an improvement of the stock option
to make it a more effective instrument for attracting critically Important manage-
ment personnel to fledging firms, and a reasoned approach to tax-deduction
problems posed by several other areas of the tax laws.

The Panel found no reason for proposing any new federally supported pro-
grams to furnish venture capital for the financing of new, technologically based
enterprises. It did, however, make recommendations concerning the communica-
tion of venture-capital opportunities and the establishment of an effective Federal
spokesman for such enterprises.

The Panel's review of the interaction between competition and innovation
showed a need for greater understanding of this interaction and improvements
in the coordination of antitrust and regulatory policies affecting both com-
petition and innovation. No new antitrust or regulatory legislation was recom-
mended, but the Panel did recommend, among other proposals, the establishment
of a group to serve as an advisory resource to the antitrust and regulatory
agencies, as well as a strengthening of the professional staffs of these agencies.

Throughout its review, the Panel was impressed by the need for promoting
a basic understanding of the innovative process in all sectors of our society. The
Panel felt that it would be highly desirable to encourage educational programs,
studies, and regional seminars to further this understanding. Accordingly, the
Panel's concluding recommendation proposes a White House conference on tech-
nological innovation, to dramatize the importance of this vital process. and urges
that this conference be followed by a nationwide program for broadening recog-
nition, understanding, and appreciation of the problems and opportunities as-
sociated with technological change.
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42. Universities-National Bureau Committee for Economic Research. The Rate andDirection of Inventive Activity: Economic and Social Factors. A conference of theUniversities-National Bureau Committee for Economic Research and the Com-mittee on Economic Growth for the Social Science Research Council. Princeton,Princeton University Press, 1962. 646 pp.

INTRODUCTION

(By Richard R. Nelson)*

Some Problems Treated in this Volume

Due to the large number of papers included in this volume and their diversity,
it seems more useful to provide a guide to the reader by discussing some of the
issues treated and some of the different points of view expressed than to present
an annotated bibliography. In the discussion which follows a number of papers
will be considered under two or more topic headings, and the order of treatment
will follow the chapter sequence only roughly.

THE CLASSICAL ECONOMICS APPROACH AND THE BLACK BOX

Almost all the papers in this volume were written by economists and tend to
reflect the economists' interest in economic growth and in problems of efficiency.
This is certainly so of the papers in Part I, which deal with Problems of Meas-
urement and Definition. Both Kuznets and Sanders are interested in defining in-
ventive activity so that the outputs, "inventions," somehow measure an Important
contribution to technological change, and so that the inputs, resources directed
toward inventive activity, may be fitted into a more or less classical economic
analysis. Although the two authors differ quite markedly in the extent to which
they believe that convenient and useful measures of inputs and outputs exist,
the papers are very similar in point of view.

This point of view is essentially that of classical economic analysis, and many
of the papers presented at this Conference are similar in that they are attempts
to analyze inventive activity with the traditional tools of economics. Machlup's
paper examining the supply curve of inventions and Fellner's paper on the profit-
ability of various sorts of inventions certainly fit this mold.

Kuznets and Machlup point out, however, that there are some difficult problems
Involved in applying classical economics to inventive activity. One particularly
important problem results from the fact that there may be great differences in
the creativity and productivity of different inventors. How many average in-
ventors does it take to equal one Edison? This fact seriously complicates the
analysis of the supply of inventions and indicates that psychological and socio-
logical data may be urgently needed for economic analysis of inventive activity.

MacKinnon's study indicates that such data may be obtainable and useful.
MacKinnon examines the intellect and motives of a group of inventors and com-
pares his results with existing data on other creative groups. His findings may
have considerable bearing on the extent to which there is a sizable group of po-
tential inventors which might be tapped by an increase in rewards, and hence
on an analysis of the supply of inventions.

Minasian's paper presents encouraging evidence that classical economic theory
can be applied fruitfully to inventive activity. Minasian's dependent variable is
the one which is of real interest to most economists concerned with inventive
activity-technological change. His independent variable is the one many econo-
mists would look to as the conveniently measured input to inventive activity-ex-
penditure on R and D as defined by the National Science Foundation. He finds
that a quite strong relationship exists between R and D expenditure and subse-
quent increases in productivity.

Save for analysis of the incentives of individual firms within competitive in-
dustries, the link between increased productivity and increased profits can be a
quite complicated one. However, Minasian finds a strong relationship between
Increased productivity and subsequent profits for a firm. This result suggests that
for some purposes economists may be justified in treating the allocation of re-
sources to inventive activity within essentially the same framework as has been
used to treat the allocation of production inputs. Fellner does just this. He is in-

*The Rand Corp.
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terested in how market incentives tend to "slant" inventions toward various
factor saving configurations. Do high wage rates tend to stimulate inventions that
are relatively labor saving? High interest rates, inventions that are relatively
eapital saving? Although he asks the question in terms of aggregative fac-
tors and factor prices, his analysis can easily be generalized in much greater
factor detail. And although his conclusions are geneerally negative, his frame-
work of analysis implies that inventors or R and D managers can predict
are able to predict what the new production function will look like. The assump-
tions Fellner requires are much stronger than the evidence provided by Minasian.

Several of the papers of Part V, particularly the Marshall-Meckling paper
and the Klein paper, throw serious doubt on the ability of inventors to predict
as closely as is required by the Fellner model. The concern of these papers is
primarily with R and D efficiency, and the authors have attempted to look quite
deeply at the insides of the black box-at the R and D process itself. The
Marshall-Meckling paper shows that, in military R and D at least, the ability
to predict the cost, performance, and development time of new inventions is
sorely limited. Klein argues that this fact, plus the fact that as development
progresses estimates get better, imply that the whole strategy of maximization
in R and D may be different from that in production. If these conclusions are
generally correct, prediction models based on the assumption of expected profit
maximization, that is, models which attempt to explain changes in allocation
by assuming optimal strategies on the part of entrepreneurs as a function of
prices, etc., might well consider a wider class of behavior than is treated in
classical economic analysis.

THE CONCEPT OF PARALLEL INVENTIVE EFFORTS

Klein argued that the type of uncertainty inherent in R and D implies that
decision makers might be wise to run several R and D efforts in parallel. Since
the concept of parallel inventive efforts, as formulated by Klein, Meckling and
Marshall, and Arrow, and as described by Marschak, has few close analogies
elsewhere in economic theory, it seems worthwhile to spell out the logic behind
it."' Assume that a certain value (a function of demand and cost variables) is
attached to the successful invention of a device which meets specific require-
ments-say a long-range aircraft or a high quality soundscriber. Assume that
a company or a group of Inventors is interested in developing such a device and
knows that there are a number of different possible designs that are likely to
meet the requirements more or less adequately if enough inventive time and
effort are expended. The utility, production cost, and invention cost of the dif-
ferent possible approaches are likely to differ significantly, but presently it is
not at all clear which approach is best. However, it is expected that as work
proceeds on any particular approach a great deal will be learned about its
prospects and cost. Information and work accomplished are joint products.

It can be shown that it may be good strategy for the group of inventors
initially to diversify their efforts and undertake parallel work on several alter-
native approaches-run them in parallel. Then, as information accumulates
and more reliable rankings of the alternative designs are obtained, the effort
should narrow down to the more promising designs. This conclusion is certainly
intuitively reasonable, but the proof of it can be quite complicated.

Under certain assumptions it can be proved that the number of alternatives
which should be run in parallel is larger (1) the greater the payoffs from suc-
cessful invention, (2) the greater the rate of "learning," (3) the lower the costs
of the initial stages of effort, and (4) the greater the "differences" in the alter-
native approaches.'7

The concept of parallel inventive efforts has been studied formally only in
the context of normative analysis for a company or organization. The extension
to normative analysis for a society has not been undertaken, and the framework
has not been used formally as part of a positive theory. However, the concept
does suggest certain positive implications.

In particular, it might well be that a rightward shift in the demand curve
for a particular product would have its major impact by increasing the number

la Nelson, "The Economics of Parallel R and D Efforts," Review of Economics and Sta-
tistics, Novemehr 1966.

17 The rate of "learning" is defined as the rate of reduction in the expected squared
error of estimate of a relevant parameter; the "differences" in alternative approaches are
defined in terms of correlation coefficients.
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of independent efforts to invent close substitutes or reduce production costs.
Schmookler's study of inventive activity in four industries supports this coIn-
jecture, and he presents an analysis of the incentive mechasism at work.
Machlup also deals with the multiple effort nature of inventive activity and
points out that an increase in the number of parallel efforts might result partly
in a greater number of new products or processes accepted by the economy,
partly in greater speed in the achievement of a satisfactory breakthrough, and
partly in a higher quality of inventions the economy finally accepts. One im-
plication of this might be, as Machlup suggests that, as inventive activity in
an area increases, the ratio of patents issued.to resource inputs will fall be-
cause an increasing fraction of the resulting inventions will be duplicates, or
near duplicates. And it well might be that by exploring just what sorts of
responses are likely to occur as a result of an increase in expected profits, the
predictive value of the theory could be significantly enhanced over the simple
statement that inventive effort will increase.

PROFITS FROM INVENTIONS

The papers of Schmookler, Enos, Peck, Marschak, and Nelson indicate that, as
a first approximation, one might ignore the complications suggested by Klein and
try to explain the allocation of inventive effort by a quite simple maximization
model. Schmookler is able to explain a considerable proportion of the variation in
patenting in his four industries by variations of demand, and profitability. Enos
finds that in the field of petroleum refining invention was extremely profitable,
both ex ante and ex post. Peck finds that the different kinds of inventions in the
aluminum industry were supplied by those groups of firms we would expect to be
most likely to profit from them. Marschak finds that Bell Telephone Laboratories
had a pretty good idea of what it wanted when it set out to develop a new com-
munications system, and that the decision was quite rational (cost reduction
oriented). Nelson shows that, even in a field with so complex a set of motives and
controls and so uncertain an environment as basic research, similar circumstances
prevailed. Thus the inventors of the transistor were looking for an amplifying
device, among other things, and there were good reasons for their belief that a
solid state amplifying device would yield significant practical payoffs.

Although these examples suggest that expected profit may be a very useful inde-
pendent variable in a model explaining the allocation of inventive activity, they
also suggest that a quite detailed and sophisticated analysis is required in order to
understand where profit opportunities lie in the fields of invention. For example, in
Marschak's study it is clear that the demand curve for communications capacity
was shifting to the right, but the scarce factor whose opportunity cost was rising
was the unused portion of the frequency band. The inventive effort was directed
toward designing equipment to use previously unused frequencies. Although the
initiation of the development is easily explained using the conventional language
of economists, only someone quite familiar with the communications industry
would think of frequency bands as a factor of production.

To further complicate the problem, Rubenstein's paper suggests that organiza-
tional factors may be very important in determining a firm's perception of, and
reaction to, profit opportunities.

In order to have a useful theory relating inventive activity to perceived profit
opportunities we must be able to answer the following kinds of questions: What
factor costs are relevant to the profits from successful invention? Do the shapes of
the supply and demand curves figure in an important way? What are the comple-
ments of invention? The substitutes?

The Thompson and Worley data reflect our present lack of understanding of the
conditions underlying high R and D profitability. Thompson relates the geographi-
cal distribution of persons receiving patents to the extent of urbanization and to
industrial structure. Worley explains the changing composition of the 100 largest
R and D employers by relating R and D employment to the size of the firm, and to
the industry involved. It is clear that some industries are much more R and D
intensive than others but the reasons are not apparent. To say that in these indus-
tries R and D is extremely profitable is to beg the question. Brozen relates R and
D profitability to past expenditure on basic research, but it seems worthwhile to
ask why some industries have in the past spent more on basic research than
others. To explain the differences we can fall back on institutional and cultural
variables, or say that some industries are linked more closely to fundamental sci-
ence than others. But what do we mean by that? It is not at all clear.
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Schmookler's analysis suggests that invention and new capital equipment may
be complementary relative to variable factors of production. This is scarcely a
surprising result, but an important implication is that economists had better be
wary in making any sharp conceptual split between capital formation and techno-
logical change as factors increasing output per worker. Clearly It will require a
quite sophisticated type of analysis to disentangle the factors that contribute to
high R and D profitability.

Adding to the difficulty of predicting and explaning where profitable opportun-
ities lie is the problem of external economies discussed by Arrow and others. This
problem is more appropriately discussed under the topic "Invention and Policy,"'
but it should be said here that, to the extent that different market structures and
institutions affect R and D profitabiilty, a predictive theory must consider these
variables.

NONMARKET FACTORS

In his analysis of problems of public control, Markham raises the point that a
very large fraction of our R and D effort is at least partially divorced from the
incentives and controls of the market. On the demand side, the source of over
half our R and D demand is the federal government. On the supply side, much
R and D activity in conducted in organizations (universities, government lab-
oratories, etc.) whose goals include many variables other than profits. It is im-
portant to understand these nonmarket controls and incentives.

Cherington's paper is a description of how military R and D decisions are
made. It is a study of how a complex organization, attempting to maximize a wel-
fare function involving many variables not easily measured by money and
operating in an environment of great uncertainty, gains information and advice
and comes to make choices.

Merrill's paper examines organization and the decision making process in basic
science and in several other sectors that are linked only loosely to the market.
He finds that the allocation of effort in basic academic science is determined in
part by the interests of individual scientists and in part by the professional
judgment of an elite who have considerable control over resources and rewards.
The "welfare function" being maximized involves the conceptually vague but
seemingly quite operational concept of promise to advance understanding. Nelson,
in his study of the Bell Telephone Laboratories, shows that the mechanisms
described by Merrill work in industrial basic research laboratories as well as in
universities. Merrill also examines the structure of incentives and controls in
medical research, in university engineering research, and in governmental agri-
cultural research, all sectors where allocation is not directly guided by a market.

The Schmookler and Nelson papers present quite different evidence on the role
that science plays in invention. Schmookler finds little evidence that advances in
scientific knowledge contributed much to the inventions of the industries he has
studied. To the extent that science did play a role it was a permissive one-as
a reference book determining the skill with which persons concerned with
practical problems were able to surmount them. Nelson's study shows science in
a more active role, with advances in knowledge triggering inventive activity,
generating a search for problems to which the new knowledge could be applied.
It seems likely that the differences here reflect basic differences in the nature of
the industries. The electrical communications industry is much more closely re-
lated to fundamental science than is railroading or papermaking. But this state-
ment begs the question of what "closely related to fundamental science" means.

Siegel discusses a number of the relationships between science and invention.
He attempts to relate both to the concept of information. A large number of the
papers in this volume seem to be approaching the view that research and in-
ventive activity are essentially activities aimed at creating information (see the
Arrow comments). One would suspect that. in the future. researeh on the eco-
nomics of invention will draw more intensively on the concepts of information be-
ing developed by economists, decision theorists, and mathematicians.

INVENTION AND POLICY

The notion that conditions for R and D efficiency may be quite different from
conditions for production efficiency is reflected, hut only partially, in the Arrow
and Markham papers dealing with normative aspects and public policy. Arrow
focuses on three important problems. One is the conflict between static conditions
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and longer-run efficiency conditions raised by the very low social cost of using
knowledge, as opposed to the quite high cost of producing it. The problem is an
old one in economics and in the past has been argued in the context of such ex-
amples as optimum bridge tolls. In R and D, however, certain special and quitecomplicated problems of appropriability of product seem particularly important.
Arrow also is concerned with the welfare implications of the risk in R and D. It
can be shown that to the extent that individuals can avert risks and no "in-surance" is available, less will be spent on risky activities than is socially
desirable.

A third major problem is that of external economics. Arrow, Kuznets, Machl-
up, Markham, Merrill, and Nelson all present arguments or evidence that, given
existing institutions, inventive activity generates values which cannot be cap-
tured by the inventor. The problem seems particularly serious toward the basic
research end of the spectrum.

Klein might argue that Arrow has not gone sufficiently far in admitting and
examining the implications of certain properties of the knowledge producing in-dustries, particularly the nature of the efficiency conditions. The problems raised
by the efficiency of running parallel approaches may be particularly nasty. Is It
efficient to run the invention industry as a lottery? If only one is to win the
prize but each competitor can benefit from the ideas of the others, what mecha-
nisms will generate an optimum flow of information? What of the many situa-tions in which successful inventors and inventions spring from the ruins of un-
successful ventures? To the extent that technological change builds on itself,
what mechanisms can gain for an inventor some share of the profits from sub-
sequent rounds of inventions to which his ideas contribute?

Markham is concerned with the conflict between antitrust policy and policies
designed to sponsor a more rapid rate of technological change. The papers of thisvolume present conflicting evidence on the role of the large corporation. The
Marschak and Nelson papers seem to indicate that in R and D size is a great ad-vantage. It is difficult to imagine either the development of the T.H. system or
the research which created the transistor being carried out in a small laboratory.
These papers show that economies of scale seem to result from the ability oflarge laboratories to make profitable use of what would be external economies in
a small laboratory, their ability to make profitable use of a wide range of ex-
pertness (division of labor) and their capacity to carry a large portfolio of proj-
ects (reduction of risk).

At first glance, Mueller's study seems to give conflicting evidence. He findsthat only a small proportion of Du Pont's major product and process innovations
stemmed from Du Pont inventions. (Three important exceptions are Dacron,
Nylon, and Neoprene.) However, Mueller's evidence does not clash sharply
with the theory that the large laboratory in the large and diversified companyhas a comparative advantage in many fields of inventive activity, for many ofDlu Pont's innovations stemmed from inventions of (other) large laboratories.
Effective public policy certainly depends on better understanding of the econo-
mies and diseconomies of scale and diversification in the invention industry.

The organization of papers in this volume is significantly different from the
order of presentation at the Conference. Further, because of duplication of con-tent, or because the material is being published elsewhere the following papers
have been compressed considerably from their Conference versions: Brozen,Cherington, Machlup, MacKinnon, Rubenstein, Sanders, Siegel, and Worley.
The more extensive versions of these papers can be obtained by writing to theauthors.

APPENDIX B
The National Science and Technology Policy, Organization and Priorities Actof 1976 as enacted to provide a comprehensive national science policy and to

provide the president with a science advisory apparatus. Reorganization PlanNo. 1 of 1977 abolishes the Intergovernmental Science, Engineering, and Tech-
nology Advisory Panel, the President's Committee on Science and Technology,
and the Federal Coordinating Council for Science, Engineering and Technology
and transfers to the president all functions vested in the Director of the Office
of Science and Technology Policy. Executive Order 12039 of February 24. 1978
transfers certain functions from the Director of the Office of Science and Tech-
nology Policy to the Director of the National Science Foundation, abolishes the
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panels and committees listed In the Reorganization Plan No. 1 and reestablishes
the Intergovernmental Science, Engineering, and Technology Advisory Panel
and the Federal Coordinating Council for Science, Engineering and Technology.
Committee Print CP-840, House Committee on Science and Technology, Ad-
dress: 2321 Rayburn House Office Building, Washington, D.C. 20515.

Carter, Jimmy. National Academy of Sciences. Remarks at the Academy's
Annual Meeting, April 23, 1979. ". . . reaffirm to you my commitment to basic
research . . . strengthen basic research in the individual Federal agencies ...
tried to resolve . . . problems of unnecessary Government regulation and exces-
sive. bureaucratic paper shuffling . . . need Innovation on a broader scale .
must change Government practices that thwart innovation, while encouraging
Government policies which encourage the development of new products and new
processes. . . ." Weekly Compilation of PRESIDENTIAL DOCUMENTS. Ad-
dress: Superintendent of Documents, U.S. Government Printing Office, Washing-
ton, D.C. 20402.

Carter, Jimmy. Science and Technolo1y-Message to the Congress. March 27,
1979 ". . . a science and technology policy for the future ... This message to the
Congress: describes the Administration's policy perspective on science and tech-
nology and the roles of government, industry, universities, and the public in
support of science and technology; highlights some of the most important sci-
ence and technology initiatives undertaken in my Administration . . ." Weekly
Compilation of PRESIDENTIAL DOCUMENTS. Address: Superintendent of
Documents, U.S. Government Printing Office, Washington, D.C. 20402.

Carter, Jimmy. Industrial Innovation Initiatives-Message to the Congress
Transmitting Proposed Initiatives. October 31, 1979. ". . . I am announcing meas-
ures which will help ensure our country's continued role as the world's leader in
industrial innovation. These initiatives address nine critical areas: Enhancing
the Transfer of Information; Increasing Technical Knowledge: Strengthening
the Patent System; Clarifying Antitrust Policy; Fostering the Development of
Small Innovative Firms; Opening Federal Procurement to Innovations; Improv-
ing Our Regulatory System; Facilitating Labor/Management Adjustment to
Technical Change; Maintaining a Supportive Climate for Innovation. Weekly
Compilation of PRESIDENTIAL DOCUMENTS. Address: Superintendent of
Documents, U.S. Government Printing Office, Washington, D.C..20402.

Carter, Jimmy. Economic Renewal Program-Rcmarks Announcing the Pro-
gram. August 28, 1980. ". . . the steps that I describe this afternoon will ... put
people back to work, reduce taxes, increase public and private investment in the
future, and constrain Inflation all at the same time.... There are four major
goals . . . First, increase private and public investment to revitalize America's
economy. Second, create a forward-looking partnership between government and
the private sector.... Third, to help people and communities overcome the ef-
fects of industrial dislocations. And fourth, to help to offset the rising individual
tax burdens in ways which do not rekindle inflation...." Weekly compilation of
PRESIDENTIAL DOCUMENTS. Address: Superintendent of Documents, U.S.
Government Printing Office, Washington, D.C. 20402.

Science and Technology Report 1980. National Science Foundation. June 1980.
This second annual report on state of science and technology, mandated by the
National Science and Technology Policy Act of 1976 and prepared by the National
Science Foundation, examines strategic issues concerning science and technology,
Federal funding of research and development, R&D and economic progress, com-
parative performance of U.S. technology, basic research in industry and issues
in support of academic science. Committee Print, House Committee on Science
and Technology, Address: 2321 Rayburn House Building, Washington, D.C.
20515.

Technology Innovation for a Dynamic Economy. Christopher T. Hill and
James M. Utterback, editors, Center for Policy Alternatives, M.I.T. 1979. This
book, composed of eight reports prepared for the Department of Commerce, identi-
fies and describes the process of innovation and offers policy recommendations
which might be adopted to ensure that the U.S. economy remains responsive to
economic and political changes in the long term. Address: Pergamon Press Inc.,
Maxwell House, Fairview Park, Elmsford, New York 10523.

Stimulating Technological Progress, Research and Policy Committee for Eco-
nomic Development, January, 1980. This research report and policy statement
of the CED maintains that technological progress underlies economic and social
progress In the United States. To ensure the vitality of a technologically based
economy four policy prescriptions are offered: tax policy changes favoring In-
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vestment, reforming the patent policy system, direct federal support of research
and development, and reducing regulatory constraints on innovation. Address:
Committee for Economic Development, 477 Madison Avenue, New York, New
York 10022.

Industrial Innovation, Mary Mogee and Wendy Schacht, June 16, 1980. Several
issues concerning industrial innovation are reviewed in this CRS Issue Brief.
These issues include: Is U.S. industrial innovatiton declining in a meaningful
sense, relative to historical levels or to the Nation's Major trading partners?
Can the current economic situation be improved by stimulating industrial R&D
and innovation? The issues are defined and analyzed, and selected legislation
from the 96th Congress is examined. Address: U.S. Library of Congress, Con-
gressional Research Service, Washington, D.C. 20540.

Science Indicators: Improvements Needed in Design, Construction, and Inter-
pretation. U.S. General Accounting Office, September 25, 1980. This review of
Science Indicators, 1976, conducted for the Joint Economic Committee, recom-
mended that the National Science Board, "should emphasize a more conceptual
approach which first identifies what will be measured, and then generates the
appropriate data." PAD-79-35. Address: United States General Accounting Office,
Washington, D.C. 20548.

Antitrust, Uncertainty and Technological Innovation. Ginsberg, Douglas H.
National Academy of Sciences, 1980. This monograph, the third in a series on
technological innovation, is the product of a workshop held in December, 1978
which examined the extent to which antitrust policies unnecessarily inhibit
innovation activities. The effects of policy uncertainty on technological innova-
tion, on the joint R. & D. ventures and on patent law are reviewed, and recom-
mendations to the Federal Trade Commission and the Department of Justice are
offered. Address: Office of the Foreign Secretary, National Academy of Engi-
neering, 2101 Constitution Avenue, NW., Washington, D.C. 20418.

The International Technology Transfer Process, Robock, Stefan. National
Academy of Sciences, 1980. This report is the product of a workshop held in
February, 1978 on the anatomy of international technology transfer. The tech-
nology transfer process is defined and described. Three issues of improving the
data base for policymakers are presented, and a call for improved policy-relevant
information is made. Address: Office of the Foreign Secretary, National Academy
of Engineering, 21)1 Constitution Avenue, NW., Washington, D.C. 20418

The Reindustrialization of America. Business Week, June 30, 1980. This special
issue of Business Week examines causes of the decline in American industry and
offers a solution for rebuilding U.S. economic power based on a "new social con-
tract" between business, labor and the Federal Government. Address: McGraw-
Hill Publication Company, Reprint Department N-1, Princeton Road, Heights-
town, N. J., 08520.

Advisory Committee on Industrial Innovation-Final Report, U.S. Department
of Commerce, September 1979. This is the final report of an advisory Committee
of more than 150 representatives from the industrial, public interest, labor,
scientific, and academic communities who considered the effect of Federal policies
and programs upon industrial innovation, and, specific recommendations for
changing existing policies and programs or initiating new ones in order to
enhance the state of industrial innovation in the United States. Address: Super-
intendent of Documents, U.S. Government Printing Office, Washington, D.C.20402.
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INTRODUCTION

During the past two decades, policy analysts, economists, social
scientists, historians, and Government agencies have devoted a con-
siderable amount of study to the processes, contexts, and impacts of
technological innovation. In addition to deepening the knowledge of
the innovation system, these researches have produced many policy
recommendations for stimulating innovative activity. Despite their
continued relevance, many of these recommendations have remained
largely unevaluated and untried by public policymakers. This chapter
assembles and summarizes in abbreviated form 42 studies from the past
two decades, and focuses especially on the policy recommendations
contained therein. It was felt that prior to further analysis and syn-
thesis of policy options for stimulating innovation, it would be bene-
ficial to have a rather thorough overview of past efforts.

Based on consultation with a number of research, development, and
innovation analysts, the 42 studies were selected using the following
criteria, interpreted subjectively:

(i) Major studies dealing with the entire innovation system,
and not only isolated factors within it;

(ii) Studies containing explicit public policy recommendations,
or contributing to the general understanding of innovation; and

(iii) Studies recent enough to be of continuing relevance to
policymaking.

These criteria are admittedly subjective, and the list of 42 studies can-
not be regarded as comprehensive. Nonetheless, it seems unlikely that
any studies that have been overlooked would significantly alter the

*Sclence Policy Research Division, Congressional Research Service, Library of Congress.

(138)
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overriding thrust of this chapter, viz, that many excellent analyses
and relevant recommendations are yet to be considered by policy-
makers. Current studies, such as the President's Domestic Policy Re-
view of Industrial Innovation or the study of technology policy by
the Committee on Economic Development are not covered here, since
they are included elsewhere in this report volume. This chapter serves
as background to these current studies, and to Mogee's analytical re-
view of the state-of-knowledge, which also is included in this volume.

This chapter consists of three sections, The first section lists 205
policy recommendations for stimulating innovation, categorized into
14 policy areas, which have been extracted from the 42 studies. Some
of these appear to overlap; others may be contradictory. Some are
broad and general; others are narrowly focused. As a package, how-
ever, they represent candidates for analysis because of their continued
relevance and likely efficacy in stimulating innovation.

The second section arrays these recommendations against the action
parties who would be involved in determining and executing the poli-
cies implied by the recommendations, and against whom the executed
policies would impact. The third section presents brief abstracts of
the central points of the 42 studies. Scanning these 42 short paragraphs
will provide a panoramic view of the decade-plus of literature on
innovation.

An adjunct to this chapter appears as an appendix to the area study.
This appendix reproduces the core material from each of the 42 studies
included in this chapter, in the form of excerpts of the executive sum-
maries, principal findings, recommendations and conclusions, or other
pertinent sections. These reproduced original materials permit the
reader to select specific items and to view them directly without inter-
pretation by the study team.

Taken together, these selections provide the main sources for much
of the current understanding of the innovation system, and illustrate
the many interconnected issues which must be faced by policymakers
seeking to stimulate technological innovation. Likewise, the identifica-
tion of action parties connected with the recommendations indicates
how many segments of the Federal Government intersect with the
innovation system, and suggests the need for holistic, comprehensive
policymaking. No in-depth analysis of the recommendations, however,
has been attempted here.

I. POLICY RECOMMENDATIONS FOR STIMULATING INNOVATION
FROM Two DECADES OF INNOVATION STUDIES

The following recommendations for stimulating innovations have
been extracted from the 42 studies included in this collection. The
numbers in square brackets following each recommendation are keyed
to the 42 studies numbered in section III of this chapter. and indicate
which study proposed the recommendation. When several studies pro-
pose the same recommendation, their respective numbers have been
listed. Table 1. following the recommendations, indicates the relative
distribution of recommendations among the 14 policy areas into which
they have been categorized.

56-367 0 - 81 - 10
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POLICY RECOMMENDATIONS FOB STIMULATING INNOVATION
(CORRESPONDING TO TABLE 1)

TAXATION

1. Allow small firms to carry forward losses against profits of succeeding 10
years (change Internal Revenue Code (IRC), Sec. 172). [1, 9, 31, 41]

2. Liberalize qualified stock option rules for small firms by (I) extending option
period to 10 years [9, 41], (ii) reducing holding period required to receive
capital gains treatment to 6 months. [9, 31, 41]

3. Relax criteria for deducting Research & Development (R. & D.) expenses
for the amateur inventor. [41]

4. Allow successful inventor to write off earlier development costs over a
period of 5 years. [41]

5. Give professional inventor the same capital gains break as amateur inventor
on grants of patent rights limited to a specific field of use (change IRC, sec.
1235). [41]

6. Allow R. & D. expenditures to be written off even if unrelated to the tax-
payer's current products or processes. [41]

7. Increase writeoffs for taxable purchases of technological assets. [23, 41]
8. Increase tax investment credit for R. & D. plant to 25 percent. [9, 32]
9. Increase tax depreciation allowance for R. & D. plant. [32]

10. Trade present tax credit for R. & D. plant for credit or cash payments for
all expenditures on industrial R. & D. [32]

11. Provide new special tax credits or equivalent cash payments to industrial
R. & D. performers. [32]

12. Provide new tax credit or equivalent cash payments for incremental R. & D.
[3, 5, 32]

13. Provide new tax credits or equivalent cash payments for incremental R. & D.
in chemicals and capital goods industries. [32]

14. Provide a graduated income tax rate structure to benefit new, technology-
based firms. [32]

15. Apply small business tax rate (22 percent) to first $1 million of income
rather than to first $25,000. [31]

16. Eliminate or reduce corporate tax on dividends paid out. [32]
17. Allow tax credits of up to 50 percent of costs of issuing common and preferred

stock or nonconvertible debt issues. [9]
18. Exclude from taxable income decreasing percentages of revenues attributa-

ble to the sale of innovative products or licenses. [9]
19. Defer from taxation for 3 years revenues attributable to the sale of innova-

tive products or licenses. [9]
20. Permit acquisition costs of technological innovation to be expensed rather

than capitalized (change IRC, sec. 174). [9] °
21. Permit multinationals to expense domestic costs of development of new

products and processes in the place incurred (change IRC, secs. 861-864).
[9]

22. Treat corporate cash dividends as deductible expenses for small firms. [9]
23. Create a variable investment tax credit with the rate and duration of credit

linked to investment in technological innovation. [9]
24. Increase maximum asset value of "1244 stock" to $1 million, and Increase

loss allowance to $50.000 on individual and to $100,000 on joint returns
(change IRC, sec. 1244). [9]

25. Employ tax incentives to promote intraindustry joint ventures for R. & D.
[9]

26. Simplify tax reporting requirements for small firms. [31]
27. Increase efforts to inform firms of existing incentives for R. & D./I. [41]
28. The Experimental Technology Incentives Program (ETIP) should conduct

studies and experiments to examine impact of tax incentives on innova-
tion. [32]

29. Acquaint the appropriate employees of the Internal Revenue Service (IRS),
the Small Business Administration (SBA), and Department of Com-
merce with the unique tax problems of small, technology-based firms.[41]
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30. Explore the feasibility of industry sector-specific fiscal incentives for innova-
tion, targeting start-up costs. [1]

31. Provide more generous capital gains tax treatment for new, technology-based
firms. [32]

32. Provide special tax credit for private investment in all R. & D. leading to
successful innovation. [3]

33. Reduce capital gains tax rates for direct investment in small, technology-
based firms. [1, 31]

VENTURE CAPIrAL

34. Relax limits on rates of sale of "restricted securities" to increase liquidity
of venture capitalists' portfolios and of markets for individual firms'
securities (change Securities and Exchange Commission (SEC) rule 144.
[5, 9, 31, 32]

35. Allow unlimited sale of "restricted securities" after a 5-year holding period.
[9]

36. Allow corporations, estates, and trusts to invest in subehapter S corporations
and to receive benefits of 1244 stock. [31, 32]

37. Make investments in new, technologically based firms by individuals, insti-
tutions, or corporations tax deductible until the investments are sold.
[31, 32]

38. Increase ceiling on regulation A offerings to $1 million. [9, 31]
39. Allow original investors in specified equity securities to deduct from ordinary

income up to one-third the cost of the issue. [9]
40. Decrease bank reserve requirements in proportion to the amount of funds

they lend innovative firms. [9]
41. Create in each Federal Reserve District a capital bank to provide venture

capital to new, growing innovative firms. [20]
42. Increase Federal Reserve bank loan reserves for loans to finance innovation.

[9]
43. Guarantee some portion (up to 50 percent) of loans granted by Small Busi-

ness Investment Corporations (SBIC's) or other financial institutions to
new technology-based firms. [32]

44. Reduce cost of compliance with disclosure requirements for small firms
(change SEC rule 146). [9]

45. Guarantee (up to 80 percent) loans to cover costs of registration of stock
offerings intended to finance innovation. [9]

46. Establish an indemnity or insurance fund to reimburse qualifying technology-
based firms for legal expenses incurred in actions related to antifraud
provisions of securities acts. [9]

47. Form a National Venture Development Program (NVDP) to coordinate
public policies to encourage formation of venture capital. [1]

48. Provide Federal financing of additional seed capital through quasi-public
agencies. [1, 5]

49. Allow "good will" to be written off in merger accounting before tax rather
than after tax. [32]

50. Transfer administration of funds for entrepreneurs from the National Science
Foundation's Research Applied to National Needs program (NSF/RANN)
to the National Technical Information Service (NTIS) in the Department
of Commerce. [32]

51. Departments of Commerce and Treasury and the SEC should conduct forums
for major investment institutions to discuss potential and problems of
venture capital formation. [32]

52. Develop mechanisms to furnish information onr venture capital to new, small.
firms at regional levels. [5, 41]

53. Mandate the Department of Commerce to serve as Federal spokesman and
representative for new, technology-based firms, and to work especially with
problems of venture capital availability. [41]

54. Department of Commerce should broaden Its studies of the innovative and
entrepreneurial processes and their relation to venture capital. [41]

55. Establish a Federal Innovation Insurance Corporation (FIIC) to insure
approved innovation investments against losses. [5, 9]
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56. Provide government insurance for innovating firms with a technologically
successful project against financial failure due to unforeseen market
problems. [9]

57. Revive the SBA innovation loan program that was operative from 1967 to
1970. [5,9]

58. Provide Federal subsidies for interest on long-term loans to small firms for
innovation. [91

59. Allow government institutions to issue long-term unsecured loans to small
firms unable to receive bank loans, guaranteed up to 80 percent of the
outstanding principal. [9]

60. Provide an innovating firm a guaranteed return on specified innovations
through deficiency payments in the event the market price is lower than
expected; such payments would be treated as loans repayable by the firm
in 3-5 years. [91

61. Guarantee loans used to finance acquisition of one company by another for
purposes of innovation. [9]

62. Provide Federal credit insurance to private venture capitalists, financed by
premiums and fees. [39]

63. Issue government-funded interest-free or low-interest loans directly to
qualified innovating firms. [3, 51

64. Guarantee loans for the acquisition of productivity-improving technology,
i.e., stimulate process rather than product innovation. [5]

65. Amend Investment Company Act of 1940 to enhance climate for venture
capital firms. [51

66. Review the SBIC program in innovation to determine why it failed. [5]
67. Develop curricula in venture capital management in universities and pro-

fessional schools. [5]
FOREIGN TRADE

68. Establish a board within the Executive branch to develop policies for control
of exports of U.S. technology. [32]

69. Develop an international trade strategy that exports technology embedded
in products rather than "naked" technological knowledge in the form of
licenses and blueprints. [3, 32]

70. Negotiate a shortened International Control Coordinating Committee List,
and an efficient means of keeping it updated. [32]

71. Assist firms specializing in military products to shift to civilian products and
thereby to achieve expanded export levels, using improved market identifl-
cation, better Federal promotional activities, and exposure of foreign
protective practices. [32]

72. Simplify licensing procedures of the Departments of State, Commerce,
Energy, and the Nuclear Regulatory Commission (NRC) to lessen delays
encountered by exporters. [32]

73. Strengthen the financial policies of the Export-Import Bank. [32]
74. Require the Export-Import Bank to give preferential treatment to qualify-

ing innovation industries to promote exports. [9]
75. Require the Department of Defense to identify areas of commercial tech-

nology to exclude from export to adversary nations. [32]
76. Establish within the Department of Commerce a capacity to analyze tech-

nological developments in non-Communist nations to assess what exported
technologies (especially military) should be controlled. [32]

77. Remove all controls on export of U.S. commercial technology. [18, 22]
78. Develop a Federal policy and a "code of behavior" for multinationals to con-.

tribute to the technological development of less-developed countries
(LDC's). [18, 32]

79. Aid LDC's in developing regional institutions for R. & D. [18]
80. Develop a coordinated program in Organization for Economic Cooperation

and Development (OECD) for the selective transfer of technologies owned
by OECD members to LDC's. [18]

81. Develop unified OECD policy governing technology transfer to the U.S.S.R.
[18]

82. Develop increased R. & D. cooperation among OECD nations in specific areas
(computers, urban development, marine resources, environmental protec-
tion). [23]
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83. Study technology transfer among OECD members. [18]
84. Develop and maintain inventories of inventions owned by the Federal Gov-

ernment that could be transferred to LDC's. [18]
85. Study U.S. deficiencies in international standards, and prepare policies to

alleviate them. [32]
86. Support title II (international standards) of the Voluntary Standards and

Accreditation Act of 1977 (H.R. 8184, S. 825). [32]
87. Reduce nontariff barriers to trade, e.g., safety requirements, verification

procedures, quality standards. [23]

FEDERAT B. & D.

88. Repeal the "Mansfield Amendment" if study by Office of Science and Tech-
nology Policy (OSTP) indicates that increased mission oriented research
has detracted from basic research. [32]

89. Fund engineering and applied science education, but not commercial R. & D.
[18]

90. Increase university R. & D. by government contracts, or tax credits for
private firms contracting work with universities. [4]

91. Encourage universities to engage in more applied research. [17, 20]
92. Create a publicly funded, profit oriented National R. & D. Corporation to buy

research or patents, demonstrate their commercial feasibility, and then
sell them back to private firms for commercialization. [4]

93. Create a National Institute of Technology (NIT) to provide grants to private
firms for research falling between basic and product research, and to
demonstrate the feasibility of advanced designs. [21]

94. Encourage large Federal research institutions to market their new tech-
nologies to other Federal agencies and to institutions in the private sec-
tor. [34]

95. Categorize all Federal R. & D. expenditures into three functional areas:
Basic research, mission oriented research, and massive mobilization re-
search. [30]

96. Ignore potential "spinoffs" and economic multipliers in allocating R. & D.
expenditures. [30]

97. Continue public R. & D. funding for longer time periods in nonmilitary and
nonmedical areas to bring the technology to greater development before
expecting private firms to take over. [30]

98. Allow for "institutional constraints" and bureaucratic exigencies while de-
signing public R. & D. programs. [30]

99. Develop clearer guidelines for determining how long public funds should be
used in commercializing new technologies. [30]

100. Develop more effective channels to enable Congress to review Department of
Defense R. & D. expenditures. [30]

101. Employ a continuous, systematic audit of all Federal R. & D. to determine
its impact on various sectors of the economy, and to propose changes to
make it more effective. [17, 30]

102. Consolidate all existing field demonstration programs of various Federal
agencies under Department of Commerce control. [32]

103. Use following criteria to guide deployment of public R. & D. funds in the
private sector:

(a) Encourage industrial research in areas with small, short-term
economic rewards, yet potentially large social rewards. [32]

(b) Encourage cost reduction R. & D. rather than new product
R. & D. [30]

(o) Encourage small, flexible projects, not large-scale efforts, in only the
earliest stages of development [7, 8, 30]

(d) Encourage industries lacking strong internal I. & D. capacity, where
institutional barriers hinder R. & D., or where rapid technological progress
would be likely. [5, 21]

(e) Encourage civilian R. & D. rather than military or space R. & D. [8]
(f) Couple R. & D. with market demand rather than with technology push.

[8]
(g) Encourage high levels of nonmisslon oriented research. [10]
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(h) Encourage mission oriented research In specific sectors with demon-
stration projects. [20]

(i) Include as objectives aesthetic, work satisfaction, environmental, and
other social factors. [7]

104. Expand federally funded R. & D. by establishing more federally owned and
operated research centers. [4, 8]

105. Expand federally funded R. & D. by supporting nonprofit private research
organizations. [4]

100. Expand federally funded R. & D. by contracting or cost sharing with small
innovative firms or entrepreneurs. [4]

107. Expand federally funded R. & D. by contracting with firms having excess
R. & D. facilities due to cut-backs in defense or space R. & D. [4]

108. Expand federally funded R. & D. by contracting with manufacturers of
capital goods. [4]

ECONOMIC REGULATION

109. Rationalize local, State, and Federal regulatory standards. [1, 5]
110. Expand prelegislative and preregulatory cost/benefit analyses to determine

impact of proposed regulatory measures on industrial risk-taking ability
and innovative performance. [1, 18, 22, 32, 39]

111. Establish a permanent group in the Department of Commerce to assess the
impact of economic regulation on technological innovation. [32]

112. Establish a corps of technology advisers responsible to an external tech-
nology office to work in regulatory agencies. [39]

113. Establish a group in the Executive Office to promote the President's policies
regarding innovation in the regulatory agencies. [39]

114. Require all regulatory agencies to analyze in annual "technology impact
reports" how they affect Innovation. [39]

115. Establish advisory panels in the National Academy of Science (NAS) or
National Academy of Engineering (NAE) to advise regulatory agencies
on technological matters. [39]

110. Revamp or eliminate obsolete regulatory agencies established in response to
problems that are no longer of primary importance. [29]

117. Conduct forums to exchange industry and government views on regulatory
impacts on Innovation. [1]

118. Upgrade professional staffs of regulatory agencies to improve their ability
to set and monitor standards. [1]

ENVIRONMENTAL, HEALTH, SAFETY, AND CONSUMER REGULATION

119. Establish a "science court" to provide for direct adversary argumentation
in front of impartial experts on scientific issues relating to regulation.
[32]

120. Utilize existing institutions to sensitize and train scientists to maintain
integrity and objectivity as "expert witnesses" on controversial issues.
[32]

121. Simplify the documentation and reporting required by regulatory agencies.
[18]

122. Employ performance rather than design objectives for environmental and
safety regulations. [18]

123. Place customs duties on foreign goods not subject to the same burden of
environmental and safety standards to account for the full "social costs"
of the use of the goods. [1, 18]

124. Provide Federal subsidies for interest on loans for the additional cost of
compliance with environmental and safety regulations in innovation. [9]

125. Allow expense carry-back of legal, accounting, or administrative costs in
innovation in complying with environmental or safety regulations. [9]

126. Eqtablish a permanent zroup in the Department of Commerce to assess the
impact of environmental, health, safety, and consumer regulation on
technological innovation. [5, 32]

127. Develop publicly funded technological Institutes to define political and eco-
nomic trade-offs for government-imposed environmental, health, safety,
and consumer standards. [25]
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128. Support title I (national standards) of the Voluntary Standards and Accredi-
tation Act of 1977 (H.R. 8184, S. 825), but modify the rigorous regulatory
framework set by the bill so that future product standards needs are
identified jointly with the private sector. [32]

ANTITRUST POLICY

129. Repeal antitrust exemptions of the railroad and trucking rate bureaus. [9]
130. Relax antitrust laws to permit firms within an industry to create joint

ventures in certain basic researches, the results of which would be shared
among the firms. [9, 18

131. Relax antitrust restrictions on R. & D. cooperation among small firms (but
not large firms). [32]

132. Antitrust and regulatory agencies should provide guidelines clarifying the
legality of business conduct regarding competition and innovation. [5, 41]

133. Study the effect of antitrust relaxation on cooperative R. & D. to determine
whether relaxation would produce socially desired innovation. [1, 32]

134. Balance the stimulation of competition and innovation in the interpretation
and administration of antitrust and regulatory laws. [41]

135. Strengthen the staffs of antitrust and regulatory agencies by increasing the
number of employees who understand problems of R. & D./I. [41]

136. Develop advisory boards from the private sector or the Federal Government
to advise antitrust and regulatory agencies on the past and expected im-
pact of antitrust policy on innovation and invention. [1, 41]

137. Consider the interaction of technological change and competition In anti-
trust legislation. [41]

PATENT POLICY

138. Speed passage of the patent reform bill (1973) through Congress. [1]
139. Decrease cost of patent applications for amateur inventors and small firms.

[1]
140. Department of Commerce should play leading role in developing a unified

administration position on patent revision legislation (1977). [32]
141. Establish a federally regulated innovation cross-licensing pool. [9]
142. Develop an International patent system. [34]
143. Do not develop an international patent system since the current system

(1973) works to the U.S.'s advantage vis-a-vis smaller, less inventive
nations. [2]

144. Develop a dual patent system to provide long-term protection for expensive,
major technological breakthroughs, and short-term protection for incre-
mental inventive efforts. [42]

145. Standardize ownership policy for Inventions resulting from all federally
funded R. & D. [32]

146. Continue current (1977) NTIS program of alerting potential users to the
existence of government-owned inventions. [32]

147. Fund the commercialization of selected government-owned inventions. [32]
148. Develop government patent program granting title to government only when

(i) public health, safety, or welfare is involved, (ii) government has been
the major developer of the invention, (iii) government regulation requires
use of the invention, (iv) the contractor operates a Federal facility, or
(v) the invention is developed for an explicitly public use. [34]

149. Grant exclusive license for government patents to private firms or negotiate
other proprietary arrangements. [5]

LABOR AND MANPOWER

150. Provide financial, retraining, and reemployment assistance to workers dis-
placed by technological change. [1. 18, 22, 27, 34]

151. Sponsor research and experimentation to improve working conditions as
they are being modified by new technologies. [1]

152. Inform private and public decisionmakers of possible adverse effects of
innovation on labor. [1]

153. OSTP should develop coordinated government policy to ensure a long-term
supply of skilled science and technology manpower. [4,32]
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154. Study how skill and training requirements affect innovation. [39]
155. Do not use manpower training programs to facilitate diffusion of new

technologies. [39]
156. Encourage mobility of scientists and engineers in and out of government

laboratories. [17, 22]
157. Give labor increased participation in decisionmaking regarding innovation.

[18]
158. Develop Federal policies to retrain Ph. D. engineers unable to find work in

their area of expertise. [18]
159. Train engineers and others involved in innovation in up-to-date science to

diminish the lag between discovery of new scientific knowledge and its
technological application. [34]

160. Create new Civil Service designations and job descriptions to recognize the
profession of technology-utilization agent. [5]

FEDERAL PROCUREMENT

161. Initiate an interdepartmental ad hoc review of contracting and procurement
procedures among agencies including the Department of Defense, National
Aeronautics and Space Administration and National Institutes of Health
to ensure that the procedures are consistent and conducive to long-term
growth of small firms. [41]

162. Develop performance standards rather than design standards, and use life
cycle costing in Federal procurement. [1, 20, 21, 23]

163. Use Federal procurement to upgrade technical levels of specified industries
or products, to couple technology more effectively to social needs, and to
aid in diffusion of innovation. [9, 22, 32, 34]

164. Provide market security for specified innovations through procurement
policies. [9]

165. Develop publicly funded technological institutes to formulate standards for
Federal procurement. [25]

166. Provide prizes for individuals or groups in the Federal Government who
stimulate innovation by their procurement methods. [2]

1i47. Aggregate public markets (local, State, Federal) by developing uniform
procurement policies based on performance standards. [34]

INFORMATION DISSEMINATION, FURTHER STUDIES

168. Systematize efforts to inform general public of the consequences of major
technological decisions and developments. [32]

169. Strengthen and enlarge the NTIS. [32]
170. Establish an Industrial Technology Extension Service to acquaint small

firms and entrepreneurs with technological innovations and patents. [21,
32]

171. Expand the Department of Commerce's consumer information services.
[32]

172. Establish a national center for the study of innovation. [34]
173. Disseminate more widely the results of publicly supported R. & D., and

encourage the diffusion of the technology. [20]
174. Systematically collect data on the effect of all Federal policies on innova-

tion. [27]
175. Establish a pilot cooperative (public-private) clearinghouse to provide

market information to innovative firms. [1]

S3TATE AND LOCAL GOVERNMENT INNOVATION

176. OSTP should encourage transfer of federally developed technology to the
State and local levels. [30, 32]

177. Provide categorical grants to States for use in assessing their resources and
markets, in expressing their technological needs, and in working toward
meeting them. [9, 32]
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178. Allow State governments to issue bonds to raise funds for long-term loans
to Innovating firms. [9]

179. Help State procurement personnel develop performance rather than design
standards. [39]

180. Encourage State and local governments to use revenue sharing funds to
stimulate technological innovation in public works. [39]

181. Create'an information clearinghouse to collect, organize, and disseminate
information on technological innovation to State and local governments.
[32]

182. Modify revenue sharing to give Federal agencies more discretionary power
to urge State and local governments to use the funds to support innova-
tion. [39]

CORPORATE ORGANIZATION FOR INNOVATION

183. Study internal corporate barriers and "people problems" in firms engaged
in R. & D./I. [1]

184. Use systems analysis to integrate components of the R. & D./I process:
basic science, research laboratories, manufacturing capacities, and man-
agement goals. [34]

185. Management should permit and promote opportunities for employees to act
on ideas coming from outside established channels. [2]

186. Management should promote interdisciplinary R. & D./I. teams. [10]
187. Management should promote wide-ranging personal contacts between R. &

D./I. workers. [10]
188. Management should promote strong horizontal links between functional

departments and between development activities and eventual users of
the technology. [25]

GENERAL

189. Hold a White House Conference and regional conferences on innovation and
its barriers. [41]

190. Allocate more funds for private studies of productivity and innovation in
industry-specific commercial technology, and of the impact of government
policies on innovation. [3, 18, 25, 37].

191. Establish as a primary goal the stimulation of R. & D./I. in areas relevant
to society's quality of life where market forces cannot assure optimal
levels of effort. [3, 20]

192. Develop national science and technology policy around the primary goal
of reducing uncertainty in R. & D./I. [29]

193. Develop national science and technology policy that is incremental, flexible,
not oriented around large projects, and Is demand-pulled rather than
technology-pushed. [8]

194. Develop national science and technology policy that is consistent with other
economic and social policies, and reinforces private market forces. [38]

195. Encourage studies in the history and sociology of science and technology
to further understanding of the principles behind the variety of patterns
of successful R. & D./I. and diffusion of technology. [17]

196. Use technological forecasting to identify new goals for applied research
[17]

197. Increase trust between government and industry. [27]
198. Locate ETIP more strategically within the executive branch to increase its

power (1975). [8]
199. Increase capacity within the Federal Government for microeconomic policy

analysis. [8]
200. Develop more rational and systematic policies to promote science and

technology. [29]
201. Require "research impact statements" from all Federal agencies planning

major policy changes. [8]
202. Include material on innovation in university and professional school cur-

ricula for managerial and business students. [5, 34]
203. Consumer groups should specify desired performance standards for goods

to induce market-directed R. & D./I. in consumer areas. [7]
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204. Make technology utilization a line item in Federal agency budgets. [5]
205. Develop and refine within the Federal Government tools to improve the

identification of high potential technology, market research, and user
need analysis. [5]

TABLE 1.-Total Nuiniber of Policy Recommendations for Stimulating Innovation

1. Taxation --------------------------------------------------------- 33
2. Venture capital- 34
3. Foreign trade -20
4. Federal R. & D -21
5. Economic regulation------------------------------------------------ 10
6. Environmental, health, safety, and consumer regulation -10
7. Antitrust policy… __________________________________________________ 9
8. Patent policy -12
9. Labor and manpower----------------------------------------------- 11

10. Federal procurement -- … ----- ----- 7
11. Information dissemination, further studies S
12. State/local government innovation- 7
13. Corporate organization for innovation- 6
14. General -17

Total ------------------------------------------------------------ _205

II. ACTION PARTIES IN POLICY RECOMMENDATIONS FOR
STIMULATING INNOVATION

Table 2, which follows, lists in abbreviated form the 205 policy rec-
ommendations extracted from the 42 studies included in this collec-
tion. and identifies three types of action parties related to each recom-
mendation. The intent of Table 2 is to portray a sense of the policy-
execution-impact nexis. and not to provide precise information. The
identification of acticn parties, their degree of specificity, and their
determination for each of the recommendations represent the combined
"best informed guesses" of five science and technology policy analysts
from the Congressional Research Service. We have not attempted to
locate with great precision or detail, the exact offices or divisions
within the vast Federal bureaucracy which might become action par-
ties for the recommendations. The reader is invited to alter or add to
the entries in the matrix.

For each recommendation, three types of action parties have been
specified. The policymaker (P) would have direct authority or juris-
diction for making the policy suggested by the recommendation. The
executor of policy (E) would carry out the policy once it had been de-
termined. The imracted party (I) would be directly affected by the
executed policy. For most recommendations, the policymakers and
executors are in the public sector, and the impacted parties are in the
private sector. A solid dark line in Table 2 separates the public and
private actors. The same party may have both policy and execution
responsibility. For some recommendations (eg., for further studies),
no directly impacted party may exist.

Only the primary or most directly involved action parties have been
identified, since indirectly, nearly every actor would be involved in
every recommendation, given the interconnectedness of policymaking
and execution. Likewise, wherever possible, the narrowest specification
of an action party has been noted. For example, if the execution of a
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policy would involve only the Internal Revenue Service, only the IRS
and not the more inclusive Treasury Department has been indicated.
See the key following Table 2 for more complete descriptions of the
action parties as listed in the Table. Likewise, the reader may wish to
refer back to section I of this chapter for fuller statements of the
individual recommendations.
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ADDENDUM TO TABLE 2

A key to the action parties as listed in Table 2:
Congress: Includes congressional members committees staffs.
GAO: General Accounting Office, assists Congress In carrying out its legislative

and oversight responsibilities.
EYecutive Branch: Includes all executive branch Institutions.
President's Office: The White House Office, within the Executive Office of the

President.
OSTP: Office of Science and Technology Policy, within the Executive Office of

the President.
OMB: Office of Management and Budget, within the Executive Office of the

President.
Departments: Includes all twelve departments of the executive branch.
Commerce: Department of Commerce.
NTIS: National Technical Information Service, under the Assistant Secretary

for Science and Technology within Commerce.
NBS: National Bureau of Standards, under the Assistant Secretary for Science

and Technology within Commerce.
ETIP: Experimental Technology Incentives Program, under the Assistant Secre-

tary for Science and Technology within Commerce.
PTO: Patent and Trademark Office, under the Assistant Secretary for Science

and Technology within Commerce.
Treasury: Department of the Treasury.
IRS: Internal Revenue Service, within Treasury.
Justice: Department of Justice.
Antitrust Division: Within Justice.
Labor: Department of Labor.
State: Department of State.
Defense: Department of Defense.
Environmental, health, safety, consumer regulatory agencies: Includes all

agencies or offices engaged in such regulation, such as the Council on Environ-
mental Quality In the Executive Office of the President, the Occupational Safety
and Health Administration within Labor, the Consumer Protection Safety
Commission, Environmental Protection Agency (both independent agencies),
and many smaller agencies located throughout the executive branch.

Economic regulatory agencies: Includes, in addition to the FTC, SEC, and ITC
(which are listed separately), other economic regulatory agencies like the
Economic Regulatory Administration and the Federal Energy Regulatory
Commission within the Department of Energy, and the Interstate Commerce
Commission and the Nuclear Regulatory Commission (independent agencies).

FTC: Federal Trade Commission, an independent agency.
SEC: Securities and Exchange Commission, an independent agency.
U.S. International Trade Commission: An Independent agency.
Federal R. d D. agencies: Includes all agencies significantly engaged In R. & D.,

either "in house," or via contracts with private firms or universities, such
as the Departments of Defense; Energy; Health, Education, and Welfare;
NASA; NSF; etc.

Independent agencies: These agencies, of which there are many, exist by separate
acts of Congress, and are organizationally distinct from the twelve depart-
ments of the executive branch.

Federal Reserve Board: Governs the Federal Reserve System, an independent
agency.

EaTport-Import Bank: A public banking corporation which assists in financing
trade, an Independent agency.

SBA: Small Business Administration, an independent agency.
NSF: National Science Foundation, an independent agency.
New agencies: Indicated when recommendations might require the establish-

ment of a program or organization currently not in existence.
State/local governments: Includes all relevant institutions at these levels of

government.
Universities: Includes all universities and colleges engaged in significant amounts

of basic and applied research.
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NAS, NAE, NRC: National Academy of Sciences, National Academy of Engineer-ing, National Research Council. Though not government agencies, these orga-nizations of distinguished scientists and engineers work closely with Federalagencies in advising the formation of public science and technology policy.Banks, investment institutions: Includes all private financial institutions whichinvest in R. & D./I.
Industry: Includes all firms engaged in R. & D./I.
Small finrs: Includes only "small" technology-based firms.
Labor: Organized labor unions.
Scientists, engineers, inventors: Includes those most closely involved in thetechnical aspects of R. & D./I.
Not for profit organizations: Includes foundations and other not for profitswhich study or support R. & D./I.
General public: 220 million Americans.

III. BRIEF ABSTRACTS OF Two DECADES OF INNOVATION STUDIES

The following section lists the 42 studies selected for inclusion in
this collection, and briefly describes the context of the research and
the principal conclusions of each study. Call numbers are included
for all those studies currently available through the Library of Con-
gress. Most of the remaining studies are available from the National
Technical Information Service, or the various contracting agencies.

BBIEF ABSTRACTS OF Two DECADES OF INNOVATION STUDIES

1. Arthur D. Little, Inc., and Industrial Research Institute, Inc. Barriers toinnovation in industry; opportunities for public policy changes. Execu-tive summary report. Prepared for the National Science Foundationunder contracts NSF-C748 and C725. [Washington] 1973. 38 p.Based on interviews with industrialists, government officials, labor lead-ers, financial managers, and academicians, this A. D. Little, Inc., studyconcludes that the primary barriers to innovation are marketing (mostimportant), finance, corporate organization, lack of venture capital, andgovernment policies. It recommends clarifying public policy objectives (tar-geting specific industry sectors), and aggregating markets with governmentprocurement.
2. Battelle-Columbus Laboratories. Science, technology, and innovation. Pre-pared for the National Science Foundation under contract NSF-C667.Columbus, Ohio, 1973. 33 p.

A direct descendant of the TRACES (1968) study of the role of basicresearch in technological innovation, this study examines eight cases ofsuccessful innovation, and attempts to identify common factors such asneed, opportunity, technical gatekeepers, or political exigencies. Seventyper cent of the "significant" events in the development of each innovationwere found to be research events, evenly divided between nonmission- andmission-oriented research. But of significant events termed "decisive," only15 per cent were nonmission. Hence, Battelle's study finds basic researchplaying a less crucial role in innovation than did TRACES.
3. Boretsky, Michael. Trends in U.S. technology; a political economist's view.American scientist v. 63, Jan.-Feb. 1975: 70-82. LJ85.S502.

Boretsky argues that since 1965 the American rate of technological innova-tion has sharply declined, relative to growth rates in other industrial nations,and has been the primary cause of the deterioration of the U.S. trade position.He blames the decline in innovation on lower growth of investment in newindustrial plant/equipment, underinvestment in R. & D., and especially onthe one-sided diffusion of American technological knowledge through exportof "naked" technology. Boretsky warns that unless these trends are reversed,the American economic and political position in the world will continue toslide.
4. . U.S. technology: trends and policy issues. Washington, The GeorgeWashington University Program of Policy Studies in Science and Tech-nology, 1973. 174 p. (Monograph No. 17) T21.B67.
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Boretsky outlines his policy suggestions to alleviate the innovation prob-
lem presented in the above-cited article. He calls for the formulation of a
comprehensive national technology policy based on twelve "strategic ele-
ments" which include long-range planning, incentives for private R. & D.
investment, and government procurement to stimulate dijiusion of in-
novations.

5. Cunningham, Donald E., John R. Craig, and Theodore W. Schlie, eds. Techno-
logical innovation; the Experimental R. & D. Incentives Program. Boul-
der, Colo., Westview Press (1977). 505 p. T173.8.T4

This volume presents results from the first 3 years of the NSF Experi-
mental Research and Development Incentives Program (RDI), and includes
26 papers (all done under NSF contracts) used for planning RDI programs.
The papers treat various approaches to socioeconomic experimentation, tech-
nological innovation in private and public sectors, national government im-
pacts on the innovation process, and provide numerous policy suggestions.
An appendix provides abstracts of all RDI-contracted studies to date.

6. Denison, Edward F. Accounting for U.S. economic growth, 1929-69. Washing-
ton, The Brookings Institution (1974). 373 p. HC106.3.D3667.

In this pioneering econometrics study, Denison finds that changes in only
seven of the many determinants of output were chiefly responsible for long-
term growth and variations in the growth rate over a 40-year period. Of the
seven key determinants, advance in knowledge (technological knowledge
and managerial knowledge incorporated into the productive process) is identi-
fied as the most basic reason for persistent long-term growth of output per
unit of input. Hence, Denison finds innovation as the most important producer
of economic growth.

7. Freeman, Christopher. The economics of industrial innovation. (Baltimore)
Penguin Books (1974). 409 p. HC79.T4F73.

This textbook provides a thorough review of current economic theories of
innovation. Freeman argues that the professlonalization of R. & D. has been
one of the most important changes in modern industry, and that the require-
ments for successful innovation have greatly modified firm behavior by
making world technology as well as world markets part of the firm's environ-
ment. Freeman concludes that market mechanisms have failed in consumer
goods/services, and suggests greater public participation in consumer-oriented
innovation.

8. Gilpin, Robert. Technology, economic growth, and international competitive-
ness. A report prepared for the use of the Subcommittee on Economic
Growth of the Joint Economic Committee of the Congress of the United
States. Washington, U.S. Government Printing Office, 1975. 87 p.

At head of title: 94th Congress, 1st session. Joint committee print.
HC110.T4.G54.

Gilpin argues that a rejuvenation of civilian R. & D. and technological
innovation is crucial to reverse the decline in American economic growth
relative to other industrial nations. He examines falling expenditures for
R. & D. over the past decade, presents arguments supporting public funding
of R. & D., and compares the U.S. experience with Japan's and Britain's.
Gilpin concludes that to revitalize innovation, Federal technology policy must
be integrated with the broad range of government socioeconomic policies.

9. Harbridge House, Inc. Legal incentives to private investment in technological
innovation. Preliminary final report. Prepared for the Office of Experi-
mental R. & D. Incentives of the National Science Foundation under
contract NSF-C893. n.p. [1975]. Various pagings.

This massive study presents 39 detailed policy suggestions for stimulating
innovation, outlining precedents and pros/cons for the proposals, and ranking
them in order of ease of implementation and economic leverage. Most of the
incentives concern taxation, venture capital formation, and private sector
investment. Nine Federal agencies also are examined with particular focus
on the agencies' ability and authority to implement incentives for innovation.

10. Illinois Institute of Technology Research Institute. Technology in retrospect
and critical events in science ["TRACES"]. Prepared for the National
Science Foundation under contract NSF-C535. n.p., 1968. 118 p.

This classic study examines the role of basic scientific research in techno-
logical innovation. It identifies key events that led to five major technological
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breakthroughs (birth control pills, electron microscopes, videotape recording,
ceramic metallic materials, matrix isolation), and finds that 70 percent of
them involved nonmission-oriented (basic) research. Yet often lag times of
20-30 years separated basic research from its application in innovations.

11. Isenson, Raymond S. Project hindsight; final report. Washington, Office of
the Director of Defense Research and Engineering, 1969. 218 p. [Avail-
able from National Technical Information Service, AD 495 905].

Department of Defense analysts studied how new scientific and techno-
logical knowledge was applied in 20 recent military innovations (weapons
systems and equipment). They found that over 85 percent of the new knowl-
edge utilized had resulted from Department of Defense financed programs
of mission-oriented research. They concluded that basic research is relatively
unimportant in military technology innovation, except for the role it plays
in the undergraduate education of engineers and scientists who later perform
applied research.

12. Jewkes, John, David Sawers, and Richard Stillerman. The sources of inven-
tion. 2d ed. [London] Macmillan [1969]. 372 p. T212.J4 1969.

The authors studied 56 inventions made in the United States and United
Kingdom over the past century. They found no sharp discontinuities in the
occurrence of invention, that the time lag between invention and successful
commercialization is not decreasing, and that the process of invention is
becoming progressively institutionalized in firms, universities, or research
institutions. They concluded that the patent system retards invention by
granting too extensive monopolies, and that progressive rates of taxation
hinder the individual inventor.

13. Kelly, Patrick, and Melvin Kranzberg, eds. Technological innovation; a
critical review of current knowledge. San Francisco, San Francisco
Press, Inc. [1978]. 408 p.

Written by an interdisciplinary team of the Georgia Tech Innovation
Project, this study attempts to present a holistic view of innovation and to
evaluate critically current knowledge of innovation. For conceptualization,
they divide the innovative context into "indigenous" (problem definition, pro-
duction, diffusion) and "exogenous" factors (human values, institutions).
The volume also includes commissioned papers by Hughes, Mansfield, Kuznets,
and others on technological forecasting, diffusion, historical case studies of
important inventors, and state of the art reviews of economic and behavioral
issues.

14. Langrish, J., and others. Wealth from knowledge. A study of Innovation in
industry. New York, John Wiley [1972]. 490 p. T173.5.G7W4 1972.

These researchers from the University of Manchester studied the 84 innova-
tions winning Queen's Awards in the U.K. in 1966-67. They found that the
most important factor ensuring the success of an innovation was an outstand-
ing technical manager, that weak markets were most important In delaying
innovation, that demand pull was more Important than discovery push, and
that many of the crucial ideas necessary for Innovation came from outside
the firm.

15. Myers, Sumner, and Donald G. Marquis. Successful Industrial Innovations;
a study of factors underlying innovation in selected firms. Prepared for
the National Science Foundation under contracts NSF-C321 and C556.
[Washington, U.S. Government Printing Office, 1969]. 117 p. (NSF 69-17).
HC79.T4M92.

Conducted by the National Planning Association, this study quantitatively
examines what factors stimulate the application of scientific and technological
knowledge in the railroad, computer, and housing industries. It concludes
that demand pull is more important than technology push, that new informa-
tion inputs frequently provide ideas for innovations, that personal contacts
are the principal sources of information in innovation, and that management
of innovation is a corporate-wide task too important to be left to a single
specialized department.

16. Myers, Sumner. and Eldon 13. Sweezy. Federal incentives for innovation; why
innovations falter and fail; a study of 200 cases. Prepared for the Na-
tional Science Foundation under contract NSF-C860. [Washington] 1976.
77 p. (Report R 75-04).

This study of 200 unsuccessful Innovations in 81 firms found that once an
Innovation had been selected for development, it most often failed because
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of market and management obstacles. Other obstacles such as regulation,
capital, and technology were less significant. The authors conclude that gov-
ernment options to stimulate innovation are limited and Indirect at best.
Beyond stimulating the economy, the government can do little about markets
(procurement provides minimal leverage, they conclude), and even less about
management patterns within private firms.

17. National Academy of Sciences. Applied science and technological progress; a
report to the Committee on Science and Astronautics of the U.S. House
of Representatives. [Washington, U.S. Government Printing Office]
1967. 443 p.

This volume contains 17 papers by Harvey Brooks, Robert Charpie, Edward
Teller, and others, which attempt to assess the effectiveness of American
applied research. The essays focus on the multidisciplinary mission-oriented
laboratory and its relation to university laboratories, education for applied
scientists, setting priorities for applied research, and on criteria for deciding
whether a new technology is "ripe" for large-scale commercialization.

18. . Technology, trade, and the U.S. economy. Washington, 1978. 180 p.
HC110.T4T43.

This report of a workshop attended by 39 participants from industry, labor,
universities, Federal agencies, and private research organizations covers four
areas: technology transfer and trade among OECD nations; relation of or-
ganized labor to technology transfer; technology transfer between OECD
nations and the U.S.S.R.; and technology transfer to developing nations. The
participants concluded that the U.S. lead In innovation has declined relative
to OECD, but recommended that the Federal Government not restrain export
of commercial technology.

19. National Academy of Sciences. National Research Council. Materials Advisory
Board. Report of the Ad Hoc Committee on Principles of Research-
Engineering Interaction. Washington, 1966. Various pagings. (Publica-
tion MAB-222-M.) [Available from the National Technical Information
Service, AD 636 529.]

This study presents 10 case histories of successful industrial innovations
with significant basic science-engineering interactions, each written by a
Committee member who was personally involved in the innovation. The cases
are highly diverse, and the findings highly qualified. Nonetheless. the study
concludes that flexibility of support, frequent and close communication be-
tween organizationally independent groups, strong "champions" of ideas, and
Individuals working on well-defined missions were among the most critical
factors In successful Innovations.

20. National Commission on Technology, Automation, and Economic Progress.
Technology and the American economy. [Washington, U.S. Government

Printing Office] 1966. 115 p.
Established by order of Congress and composed of labor leaders, indus-

trialists, social scientists, and economists, this Commission attempted to
assess the effect of technological change on production, employment, social
structures, and human values. They concluded that technological innovation
does not play a determinative role in unemployment rates, but that it may
affect whom among the labor force will be displaced.

21. Nelson, Richard R., Merton J. Peck, and Edward D. Kalachek.
Technology, economic growth, and public policy. Washington, The

Brookings Institution [1967]. 251 p. T21.N4.
This important study summarizes many previous views of the relationship

between technological advance and the economy. The authors present an oper-
ational analysis of technological knowledge, and discuss how economic fac-
tors affect the inputs to the creation of the knowledge. They also examine
how the economy adjusts to technical change. Finally, they present five public
policy proposals to stimulate innovation (national institute of technology,
large publicly-supported R. & D. programs, industry-specific public R. & D.
programs, experimental procurement programs, and an industrial extension
service).

22. Organization for Economic Cooperation and Development. The conditions
for success in technological innovation. Paris, 1971. 169 p. T173.8.073.

This report presents 10 years of empirical research on factors which Influ-
ence innovation, and discusses their implications for national policy. The re-
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port finds large differences in the deployment of R. & D. resources among
OECD nations, and suggests national technological specialization and large
cooperative efforts among OECD nations. The report concludes that to stimu-
late innovation risk taking must be rewarded, pressures must exist for
change, and mobility and personal contacts must be encouraged within andamong innovative institutions.

23. T . Gaps in technology. General report. Paris, 1968. 41 p.
This study examines national differences among OECD nations In scien-

tific and technical potential (i.e., "'gaps") in five industries (scientific instru-
ments, electronic components and computers, plastics, pharmaceuticals, non-ferrous metals). Over 60 percent of the innovations originated in the United
States. The United States also had the highest rate of diffusion of new tech-
nologies, but many other OECD nations had higher rates of increase of diffu-
sion. The study recommends aggregating OECD national markets, and
regional efforts to improve European innovative capability relative to the
United States.

24. - . Policies for the stimulation of industrial.innovation.
Analytical report, v. 1. [Paris, 1978]. 167 p. HC79.T4.074 1978.

This report summarizes a three-volume study of current policies for the
stimulation of innovation (PSI) employed by 11 OECD nations. The study
proposes a useful typology of PSI (based on instrumental structure, objec-
tives, and costs), compares PSI in each nation, and concludes that OECDnations possess little objective data on the effectiveness of the PSI they
employ.

25. Pavitt, K., and W. Walker. Government policies towards industrial innova-
tion: a review. Research policy, v. 5, Jan. 1976: 11-97. Q180.A1R448.

These authors, from the Science Policy Research Unit of the University ofSussex, review what is known empirically about innovation performance and
policies in Britain, France, the Netherlands, and West Germany. They discussinnovation in the industrial firm, compare the policy mechanisms employed
in the four nations to stimulate innovation, and suggest avenues for further
research aimed at evaluating the effectiveness of the various policy mecha-
nisms.

26. Rogers, Everett M. Diffusion of innovations. New York, Free Press [1962].
380 p. HM101.R57.

Rogers, a sociologist, wrote this study as a general textbook for students
in the social sciences concerned with diffusion in the widest sense. He defines
diffusion as the spread of a new idea through communication channels
among actors in a social system. He reviews many studies of diffusion from
various disciplines, and develops a theory of diffusion based on the theory
of action of Parsons and Shils. Finally he lists 52 generalizations which
summarize what is now known about the diffusion of innovation.

27. Schon, Donald A. Technology and change; the new Heraclitus. New York,
York, Delacorte Press [1967]. 267 p. HD45.S355.

Schon critically analyzes technological change in American industry, and
its impact on American society. Using case studies, he argues that inven-
tion has a large non-rational component; that innovation in firms occurs
through confronting risk and uncertainty; and that major technological
change frequently results from the invasion of one industry by another.
Schon also offers suggestions for stimulating innovation, dealing with thestructure of the innovative firm, Federal policies for innovation, and anethic for the process of change.

28. Science Policy Research Unit. University of Sussex. Success and failure inindustrial innovation; report on Project Sappho. London, Centre for the
Study of Industrial Innovation [1972]. 36 p. HD45.B69.

This classic study compares 29 pairs of innovations, one successful, theother not, from the chemical and scientific instruments industries. It con-cludes that no single factor can account for the differences between success-
ful and failed projects. Instead the study finds that successful innovatorshave better understanding of user needs, pay more attention to marketing,
work more efficiently (not necessarily more quickly), make better use ofoutside technology and advice, and are older and have greater authority
than their counterparts who fail.
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29. U.S. Congress. Joint Economic Committee. U.S. economic growth from 1976
to 1986; prospects, problems, and patterns. Vol. 1. Productivity. Wash-
ington, U.S. Government Printing Office, 1976. 56 p. Vol. 9. Technological
change. Washington, U.S. Government Printing Office, 1977. 61 p.

At head of title: 94th Congress, 2d session. Joint committee print.
HC106.7.U59.

The four papers of these two volumes attempt to assess future economic
trends regarding productivity and technological change. John Kendrick
and Edward Renshaw discuss the many factors affecting productivity, argue
over whether the rate of productivity growth will rise or fall over the next
decade, yet agree that R. & D. Investment is crucial for economic growth.
Nathan Rosenberg argues that technological change occurs in numerous
forms, and hence that government policy should stimulate high levels of
economic activity rather than attempt to tinker with particular industries.
Joseph Coates predicts continued high rates of technological innovation over
the next thirty years, especially in consumer products.

30. U.S. Congress. Joint Economic Committee. Subcommittee on Priorities and
Economy in Government. Priorities and efficiency in Federal research
and development; a compendium of papers. Washington, U.S. Govern-
ment Printing Office, 1976.115 p.

At head of title: 94th Congress, 2d session. Joint committee print.
Q18O.U5.P66.

These five papers by Lester Thurow, Louis Fisher, Albert Rubenstein,
William Carey, and Edwin Mansflield analyze how Federal R. & D. decisions
are made, the priorities of different types of R. & D. activities, the results
of publicly supported R. &. D., and their effects on the national economy.
The papers include a variety of policy suggestions for reducing uncertainty

and ignorance in the public policymaking process.
31. U.S. Department of Commerce. Commerce Technical Advisory Board. The

role of new technical enterprises In the U.S. economy [by Richard S.
Morse]. [Washington] 1976. 13 p.

Morse argues that young, high technology firms have contributed propor-
tionally more to economic growth than have mature companies, and that
since the late 1960's adverse changes in the business environment have re-
stricted the development of new, small firms. He attributes these changes
to reduced Federal R. & D. expenditures, tightened tax policies, regulation,
reduction of liquidity, and a decline in venture capital supply, and recom-
mends various changes in IRS and SEC rules to improve the climate for new,
high technology firms.

32. U.S. Department of Commerce. Office of the Assistant Secretary for Science
and Technology. U.S. technology policy; a draft study. n.p., 1977. 171 p.

This study contains many detailed policy recommendations to stimulate
private R. & D. It proposes modification of regulatory Inhibitions, Improved
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ABSTRACT

This paper summarizes the current state of knowledge with respect
to the process of technological innovation in industry. Technological
innovation is defined as the process by which society generates and uses
new products and manufacturing processes. It includes the activities
ranging from the generation of an idea to its widespread use by
society. The activities include the generation, research, development,
introduction, and diffusion of new and improved products, processes,
and services for public and private use. Although civilian-oriented
industrial innovation is largely a private sector activity, Government
has an interest in its socioeconomic impacts on the Nation as a whole.

Industrial innovation may be regarded as an investment activity,
and like other investments, it responds to economic forces, such as
demand and costs. It is also affected by technical and institutional
factors, which guide the direction of innovation and determine how
rapidly innovation can respond to economic signals.

The process of innovation may be viewed as a process of uncertainty
reduction. As the idea proceeds through the stages of innovation, the
investment increases and information is produced that allows a firm
to more accurately estimate a project's economic and technical poten-
tial. As the investment becomes larger, the evidence must increasingly
point to the probability of profitable production to justify continua-
tion. The various types of uncertainty involved in innovation are de-
scribed, as well as their effects on innovation decisionmaking and the
types of innovations that are undertaken.

Relationships between technological innovation and such aspects of
industrial organization as firm size, industrial concentration, market
entry, diversification, and spinoff firms have important implications
for public policy. Research findings, however, have been largely con-
tradictory and inconclusive. Recently developed theories of industrial
life cycles may help explain some of these findings.

The diffusion of innovations among industry, which is the means
by which innovation's economic and social impacts are made, may take
a long time. Factors affecting the rate of diffusion of innovations are
similar to those affecting the generation of innovations: for example,
the cost of the innovation and the advantage it offers. As an innova-
tion diffuses through industry, it may change as it is improved and
modified.

The time lags involved in the innovation process are often lengthy.
It is not necessarily wise, however, to shorten the innovation process
too much, since the lag may be caused by the absence of a market for
the innovation, bottlenecks in related technologies, or negative societal
impacts.

The paper's findings have implications for congressional decision-
making for innovation policy. Listed here in brief form, they are dis-
cussed in more detail in the paper:

Innovation is a complex process and our understanding of it is
limited;

The essence of innovation is uncertainty about the outcome;
The importance of market factors to industrial innovation is

difficult to overemphasize;
Innovation is a costly and time-consuming process;
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The economic and social impacts of innovation are made
through their diffusion;

Basic scientific research seems to underlie technological change
in complex and indirect, but important, ways;

The innovation process differs from industry to industry, sec-
tor to sector, and even firm to firm;

Financial and manpower resources are necessary, but not sufli-
cient, for innovation; and

Both large and small firms play important roles in innovation
and those roles differ from industry to industry.

INTRODUCTION

This paper is one of a series prepared for the Special Study on Eco-
nomic Change of the Joint Economic Committee. The basic premise
of the Special Study on Economic Change is that economic, social,
political, international, and technical conditions have changed, and
are still changing markedly. This suggests that conventional wisdom
and established economic tools may not be sufficient for making sound
economic policies. The area of industrial research and development
(R&D) and innovation is 1 of 10 major areas the SSEC is investi-
gating.

Although little is known about how they impact the economy, in-
dustrial R&D and innovation historically have been important con-
tributors to economic growth. Not only have such innovations as the
telephone, the automobile, and the electronic computer contributed to
growing economic output, they have qualitatively changed the life
style of the American people. After World War II, there seemed to be
an explosion of innovations from American industry such as com-
puters, the transistor and integrated circuit, containerized shipping,
microwave ovens, Polaroid "instant" cameras, and Xerox copiers.
Throughout much of the 1960's expenditures for R&D rose rapidly
in both industry and the Federal Government. By the early 1970's,
however, concern had begun to grow among the public and in gov-
ernment about our seeming inability as a nation to apply technology
to the solution of some of the pressing problems in the civilian sector,
such as environmental pollution, energy, housing, urban transporta-
tation, and public services. There was also concern that the United
States was beginning to lose the technological superiority which it
bad maintained over other nations in the aftermath of World War
II. These concerns have grown in recent years, as reflected in articles
with such titles as "The Silent Crisis in R&D," "The Breakdown of
U.S. Innovation," and "Vanishing Innovation."

In May 1978, President Carter indicated the importance attached to
these problems by his Administration's undertaking a domestic policy
review on industrial innovation. On the other hand, the National
Science Foundation said in the First Annual Science and Technology
Report to the Congress (1978), that: "Neither the available economic
nor technical indicators provide hard evidence of an eroding U.S.
technical position which can be tied to negative economic conse-
quences." (p. 41)

In the context of this concern and the lack of agreement on the
nature of the problems, this paper summarizes the state of knowledge
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with respect to the process of technological innovation in industry.
This paper does not assess the innovation problem, rather it attempts
to provide an improved understanding of the innovation process and
the factors that influence its rate and direction as background for the
consideration of current problems and their implications for Congress.
The thesis is that, although knowledge remains limited, recent research
has resulted in more information about industrial innovation than
most policymakers realize. The task is to summarize and translate
these research findings for Congress. To enhance the paper's read-
ability, references have been kept to a minimum and are provided in
parentheses in the text. A list of references is at the end of the paper.

SUMMARY AND IMPLICATIONS FOR CONGRESS

A better understanding of the innovation process as it occurs in
private industry is necessary to make informed decisions on whether to
stimulate or direct industrial R&D and innovation and to understand
in what situations increased innovation is likely to be an appropriate
and effective solution to perceived problems and what kinds of ap-
proaches are likely to be successful in stimulating innovation. This
section summarizes the major findings of the state-of-knowledge re-
view of the process of technological innovation in industry and their
implications for Congress. The findings are keyed to the relevant
chapters of the paper, where supporting detail and documentation may
be found.

A. Innovation Is a Complex Process and Our Understanding of It
18 Limited

Technological innovation is the process by which society generates
and uses new products and manufacturing processes. It includes the
activities ranging from the generation of an idea to its widespread
use, including the generation, research, development, commercializa-
tion, and diffusion of new and improved products, processes, and
services for public and private use. (Chapter I)

There are numerous models of the innovation process, many of which
show a linear progression of innovative activity through stages from
idea generation through commercialization and diffusion. These
models are highly oversimplified because, in real life, the progress of
an innovation is rarely that straightforward. Sometimes stages are
shortened, skipped, or overlapped. Sometimes a retreat must be made
to more fundamental work. Throughout the process there is com-
munication and feedback among groups involved in the various activi-
ties. The activities commonly occur in different organizations, at
different times, and even in different countries. There are frequently
multiple paths of activity leading to an innovation. (Chapter I)

Innovation is a dynamic system composed of various organizations
that perform R&D, manufacture and distribute products, use the in-
novations, and finance innovation activities. Not only must the innovat-
ing firm be considered, but so must its suppliers and customers, sources
of finance, sources of scientific and technical knowledge, and other
institutions. The elements of the innovation system are interdependent;
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for the innovation process to proceed smoothly, all the components of
the system must act in harmony (Chapter VI)

Innovation is affected by external factors-such as economic, social,
and political factors-in ways that are not well understood. Economic
factors affect the profit incentive which drives innovation. Such factors
include the growth of demand, the structure of industry, and the ade-
quacy of available financing. Social factors such as the value attached
to creativity and innovation, and the attitude toward risk have im-
portant effects on innovation. Political factors are also important; be-
sides their role in maintaining a stable and growing economy, govern-
ment policies have other important effects on innovation, both intended
and unintended. (Chapter II)

There are many difficulties facing theory and research on technolog-
ical innovation. Innovation processes vary across industries and over
time, due to differences in structural conditions, incentives, and other
important variables. The inherent difficulties in defining and measuring
intangible concepts such as innovation result in inconsistent research
findings, restricting the comparability of studies and the cumulation of
knowledge. (Chapter I)

The complexity of the innovation process and the limitations of our
knowledge with respect to it make innovation a difficult issue with
which to deal and mitigates against "quick fixes." Policy decisions
should be made with the best information and analysis available. Policy
should be flexible and made on a "learn-as-we-go" basis. Initial policy
actions or programs could be small-scale experiments with parallel ap-
proaches, planned to provide information on the desirability of con-
tinuing the programs.

B. The Essence of Innovation I8 Uncertainty About the Outcome
(Chapter III)

Since innovation involves the creation and use of things that are
fundamentally new, there is often little experience on which to rely and
real difficulty in predicting whether a given project will be technically
and commercially successful. Thus it is not surprising that innovation
is a process of elimination; most innovation projects fail. Large sums
of money can be lost and firms may even be forced out of business by
failed innovation projects. On the other hand, successful innovations
sometimes have great rewards for the innovating firms and for society
at large.

Risk and uncertainty are terms used to refer to the high chance of
failure that exists in innovation. They represent different degrees of
a chance of failure. Risk is the probability of failure and as such can
be calculated by statistical methods. Uncertainty, on the other hand,
describes situations where the probability of success or failure cannot be
calculated. Uncertainty dominates the innovation process.

In general, uncertainty is caused by imperfect information and the
inability to predict what will happen in the future. The degree of un-
certainty tends to increase with the length of time it takes to develop
an innovation and with the degree of technological advance that is
sought. Although risk and uncertainty are especially high in the early
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stages, they are associated with all phases of innovation activity and
frequently remain at substantial levels even when the new product
or process is introduced to commercial use.

There are different types of uncertainty. Some uncertainty is due
to lack of knowledge of what the competition is doing. General busi-
ness uncertainty refers to lack of knowledge about future economic
conditions and business environment. Technical uncertainty concerns
standards of performance achievable under various operating condi-
tions and within certain cost limits. Market uncertainty involves the
magnitude of demand for the new product as reflected in sales growth,
and the innovation's effect on the innovating firm's competitive posi-
tion. Another source of uncertainty in innovation is government policy.
Recently industrial leaders have been complaining that one of the most
difficult aspects of governmental regulation with which they must deal
is the uncertainty about what new regulations may be promulgated in
the future, what the standards will be, and how thoroughly they will
be enforced.

The process of innovation may be regarded as a process of uncer-
tainty reduction. Uncertainty tends to be highest at the basic research
end of the spectrum. Each succeeding stage of innovation activity,
such as research and development, produces information that allows
the firm to estimate more accurately the project's technical and eco-
nomic potential. As the required investment becomes larger, it is
undertaken only if the evidence increasingly points to the probability
of profitable production. Because of uncertainty much of industry's
innovative activity is focused on relatively small advances of a short-
term, low-risk nature. A high level of uncertainty tends to be accepted
only when the firm is forced to accept it (e.g., by competitive pres-
sure), can afford to accept it (e.g., has a large portfolio of innovation
projects such that the failure of one will not threaten the firm's exist-
ence), or does so unwittingly (e.g., does not accurately estimate the
probable return on investment).

The stakes that are involved in major innovation, whether under-
taken with private or public funding, should be recognized. To over-
simplify, minor technical advances tend to be relatively easy to ac-
complish, require small investment, but individually result in small
benefits. Major technical changes tend to be difficult to accomplish,
require significant investment, but may result in significant benefits.
Of course, exceptions to these generalizations may occur.

It may be desirable to learn the conditions under which firms will
undertake uncertain innovation projects in the national interest. An-
other approach could be policies that reduce the uncertainty facing
the firm through: (1) The generation of additional technical or market
information; (2) sharing the possible losses or enhancing the possible
rewards, or (3) increasing the predictability of governmental policy
changes affecting firms' innovative behavior.

Since it is to a large extent a process of uncertainty reduction, the
innovation process serves a useful function if it reveals, before the
expenditure of large sums of money, that a concept is technically
unfeasible or economically unattractive. Since failure of any single
project is to be expected, Federal policy might emphasize parallel
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approaches and a "portfolio" perspective, at least in the earlier, rela-
tively inexpensive stages-of innovation. This would help assure a better
decision when the time comes to invest in one or two expensive demon-
stration projects.

0. The Importance of Market Factors to Industrial Innovation Is
Difficult to Overemphaxsize

An important, if not the most important, incentive for an industrial
firm to undertake innovation is expected profit. Most research indicates
that sustained R. & D. programs or innovation are associated with
growth and profitability. The direct average gross rate of return on
private R. & D. expenditures appears to be 30 to 40 percent. Govern-
ment's chief concern, of course, is with the societal impact of innova-
tion. Economic studies have found that the return of private R. & D.
expenditures to society may be even larger than those to the firm, per-
haps by a factor of two. But in many cases the expected benefit to the
firm is not large enough to justify its investment, although the bene-
fits to society may be substantial. Under those conditions it may be
desirable for Government to intervene to facilitate the innovation's
being brought into use. (Chapter II)

Innovation normally responds to market forces and tends to be
directed toward those areas where demand is growing or cost savings
are possible. Expansion or contraction of a market may stimulate or
retard, respectively, innovation in that area. Research and develop-
ment and innovation are frequently regarded as optional expenditures
and may be among the first to be cut when budgets are reduced. When
the economy slows down, growth in demand slows, so innovation may
also slow. This may be one explanation for the slowing of innovation
perceived in this country in the last decade. (Chapter II)

Innovation decisions are investment decisions that trade off expected
costs and revenues. As such, they compete among each other and with
other possible investments for the firm's resources. Those investments
are chosen that offer the highest return. Due to the uncertain nature of
innovation it is difficult to predict the returns. Thus, some projects may
be undertaken that prove to be unprofitable. The higher discount rate
applied to innovation projects may discourage investment in them
relative to non-innovative projects. Moreover, increased uncertainty in
the economic, social, and political spheres may result in a slower rate of
innovation. (Chapter III)

Public policy for innovation should recognize the importance of
market factors in determining the selection of innovation projects and
their success. Although new technology may be intellectually exciting,
unless it offers some commercial potential there will be little incentive
for industry to introduce it to the market. Federal policy for innova-
tion should, wherever possible, reinforce and help to perfect market
forces rather than substitute for them. Government policy to stimulate
innovation may act bv creating, expanding. stabilizing, azgreaatinq. or
guaranteeing markets for innovative products. Government policies
that operate in the opposite direction may retard innovation.

Although it is commonlv claimed that market demand "pulls"
innovation more effectively than technology "pushes" it, this repre-
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sents an oversimplification. A market demand cannot be met if the
technology does not exist or cannot be created to satisfy it; both the
market demand and the technological opportunity are necessary. The
key to successful innovation is the ability to match the demand with
the technology, yet this is one of the most difficult problems. For any
given innovation, both technical and commercial conditions must be
right. The innovation must meet technical performance standards
within a cost range determined by the market and sufficient demand
for the innovation must exist to ensure a minimum level of profita-
bility. (Chapters II, III)

One of the key problems with Federal programs to commercialize
new technologies, as in the energy area, has been the failure to consider
the market for such technologies once developed, or to involve poten-
tial users of the innovation early in the process. Moreover, it should
be recognized that market prediction is difficult even for industrial
firms, let alone for the Federal Government, which has relatively little
knowledge of commercial markets or ability to analyze market poten-
tial. Some people suggest that the later stages of innovative activity,
which are heavily dependent on commercial know-how, are best per-
formed by private industry with minimum Federal involvement.

Technological innovation is a key element of competition in many
industries. Technological innovation may also be the basis for entry of
firms into an industry or for the creation of whole new industries. The
classic case is the automobile industry, which put the horse carriage in-
dustry out of business. It is likely that the relationship between market
structure and technological innovation varies over the life cycle of an
industry or technology, in such a way that major innovations are
more likely and easier to accommodate early in the life cycle; later,
major innovations tend to come from outside the industry and may
be disruptive. (Chapter IV)

The relationship of the level of competition in an industry, which
is frequently measured in terms of concentration, to innovation is not
clear. There is some evidence that an intermediate level of competition
may be most conducive to innovation. On the other hand, successful
innovation often leads to increased market share for the innovating
firm. Thus, antitrust concerns may prevent some innovations from
being commercialized. (Chapter IV)

D. Innovation 18 a Costly and Time-Consuming Process

Innovation is a costly and time-consuming process. Ideally an inno-
vation decisionnsker would like to know how much an innovation
project will cost and how much time it will take to complete. These
predictions are extremely difficult to make, however, and contribute to
the uncertainty of innovation. (Chapter III)

It is often necessary to invest large sums of money and to work for
long periods to accomplish major innovations. The cost and time re-
quired increase with the degree of technical advance sought. To some
extent, cost and time can be traded off against each other. Thus, one
advantage of Federal Government support is its large resources, which
enables it to spend more money to speed up the completion of projects.
(Chapters II, VII)
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The cost of innovation is not limited to R&D costs. R&D may ac-
count for 10 to 60 percent of innovation costs, depending in part on
the industry. Often, costs escalate dramatically in the later stages of
innovation and a large proportion of innovation cost may be required
for pilot plant work. Resources devoted to building the scientific base
of an industry may pay off by reducing the cost of later innovation
work. (Chapter II)

Sometimes the high costs of commercialization are used to ration-
alize Government involvement, but such involvement in this essentially
commercial activity has had mixed results. (Chapter II) Govern-
ment-supported projects tend to become difficult to cut off, as invest-
ment of funds and prestige increase. Frequently, large-scale public
commitments are made before technical and market uncertainties have
been sufficiently reduced. Thus, although a strong case may be made
for governmental support of basic research and some exploratory tech-
nological development, commercial firms may be better equipped to
make the hard-nosed decisions involved in commercializing new tech-
nology-including cutting off expenditures when the prospects seem
dim.

There is frequently an interest in speeding up the process of inno-
vation. Often the reason for delay may be the failure of a related tech-
nology to be developed sufficiently or the lack of a large enough
market. Conceivably Congress could attempt to alter these situations
by increasing funding for development of related tecimologies or by
guaranteeing Federal markets for innovations. It should be recog-
nized, however, that speeding up the process generally increases the
cost and may have adverse effects on technical quality. Moreover, inno-
vation may be too fast if applications become widespread before the
limitations and risks are fully known, or if considerable social and
economic adjustment is involved. (Chapters VII)

It is sometimes suggested that innovation is "speeding up" nat-
urally-that is, the innovations take less time for development now
than in the past. The evidence on this issue, however, is inconclusive.
It is possible that different factors work in different ways. Modern
marketing may have reduced waiting periods, but the inventions and
innovations undertaken today may be more difficult and take longer.
(Chapter VII)

E. The Economic and Social Impacts of Innovation Are Made
Through Their Difuwion (Chapter V)

Diffusion is the spread of an innovation. It is an important part of
the innovative process because it is only through the spread of innova-
tions that their economic and social impacts are made. To modernize
U.S. industrial technology, and thereby improve productivity and in-
ternational competitiveness, it is necessary not only to assure the in-
troduction of innovations but also their widespread use in industry.
Moreover, the spread of an innovation affects not only the industry
using that innovation but also its customer firms. The spread of inno-
vations may occur through three mechanisms: the growth of the
original innovator; the adoption of the innovation for the same pur-
pose by other firms; and the application of the innovation for other
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purposes. Diffusion may take a long time. Sometimes it may take dec-
ades for an innovation to be adopted widely, while in other cases diffu-
sion occurs quickly.

The diffusion of an innovation occurs as industrial firms adopt it
for use in their operations. The adoption decision is an investment
decision in which the firm determines whether the innovation will con-
tribute as much to firm objectives as alternative investments. Since
adoption often entails purchasing or building new plant and equip-
ment, it may involve considerable risk or uncertainty. Even if a tech-
nology has been in use elsewhere, for each new user it is an innovation
in terms of the risk and uncertainty it poses to the firm. The decision
to adopt will also be affected by the availability of financial capital
and other factors affecting investment generally, as well as competitive
pressures from other firms.

The rate of diffusion of an innovation appears to be determined in
large part by four factors: the relative advantage of the innovation
over older methods or products; the extent of the uncertainty asso-
ciated with using the innovation; the rate at which the initial un-
certainty can be reduced; and the investment required to try out the
innovation. The speed with which a firm adopts an innovation appears
to be related to the perceived profitability of its use of the innovation.
Large firms may be quicker to adopt costly innovations than small
firms. Some innovations are too costly for small firms to adopt at all.
Hence, a trend toward costly new equipment may eliminate; small
firms.

A comprehensive innovation policy would be concerned with the
widespread diffusion of innovations, as well as the initial introduction
of innovations. One successful Federal program to stimulate the wide-
spread use of new technology is the Agricultural Extension Service,
which combines an R&D capability with an extension service. One
key to its success appears to be the close coupling of user needs with
the R&D function.

Like incentives for innovation, incentives for industrial adoption
may be based on increasing the profitability of use of the innovation,
decreasing the risk or uncertainty associated with its use, or reducing
the costs. Programs to stimulate adoption of new technology will,
however, probably have to deal with firms that are traditional and
noninnovative, which may pose additional problems.

F. Basic Scientift cResearch Seems To Underlie Technological Change
in Complex and Indirect, but Important, Ways (Chapter II)

Although it is difficult to establish a simple relationship between
a particular scientific advance and a particular technological advance,
gains in scientific knowledge increasingly affect the rate and direction
of technological change. This is particularly true for major innova-
tions. Technology does not always follow science; in fact, sometimes
the reverse is true. For example, the science of thermodynamics de-
veloped after the invention of the steam engine.

Basic research, which is performed largely in universities, contrib-
utes to industrial innovation by enlarging the pool of scientific
knowledge which may be used by industry in the development of new
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products and production processes. Science seems to act as an "engine"
of technology, without which specific innovations might be delayed or
prevented and technological progress might eventually stagnate. Basic
research seems to reduce the cost of later stages of R&D and innova-
tion by providing improved knowledge of the likely fruitful and un-
fruitful paths for development.

The utilization of basic research in innovation is usually indirect
and delayed, often by 20 to 30 years. The main modes of transfer of
basic research results are through reports and journals and the pri-
mary and continuing education of industrial scientists and engineers.
Sometimes the results of basic research are transferred quickly into
applications; this usually occurs when there is an urgent technological
problem which requires improved scientific understanding. Research
may also be quickly transferred in the science-based industries, such
as chemicals and electronics. The utilization of basic research in indus-
trial innovation depends not only on the supply of basic research
results but also on the demand for them in industry.

While industry tends to invest in R&D projects with near-term
commercial potential, Federal funding of basic research in universities
seeks to ensure that the supply of scientific knowledge is renewed so
that innovation and productivity improvements will be possible in the
long-term future. Thus, current Federal support of basic research in
universities complements industrial R&D funding by providing funds
where there is little incentive for industry to invest, and takes advan-
tage of the natural capabilities of universities. Congress may wish to
re-examine Federal relations with universities in the light of the im-
portant national role of universities and their current financial prob-
lems, It may also be desirable for the Federal Government to develop
further the scientific bases relevant to the technologies of certain indus-
tries, since, in the absence of economic or institutional barriers, an
improved scientific base may make it easier to innovate in those
industries.

G. The Innovation Process Differs From Industry to Industry
(Chapter II)

The incentive to innovate and the ease of innovating vary signif-
icantly across industries. In some industries, due to the balance of
incentives and costs, the industry's suppliers or psers may be the
primary source of innovations.

Industry may have a number of objectives: profit is one; others may
include simple survival, meeting governmental regulatory standards,
meeting foreign competition, entering new markets, keeping old ones,
and reducing reliance on incrensin~lv expensive materials. Innovation
competes with other means of meeting firm objectives and thus the
expected benefits from innovation are compared with those of alter-
native actions. The level of innovative activity in an industry depends
on the expected profitability of innovation in that industry. If invest-
ment in innovation is not expected to be as profitable as other invest-
ments. firms may turn to investments in diversification and integration
instead. There are many problems facing an industry and innovation
may not be the most effective solution to those problems. Moreover.
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since management's perception of expected profitability guides invest-
ments, the attitudes of top industrial managers toward technological
change and long-term investment are also important.

The costs of innovation vary from industry to industry, depending
on the nature of the products produced and the capital-intensity and
flexibility of production processes. Perhaps more important, costs of
innovation relative to the assets of firms vary across industries. Thus,
in some industries only the largest firms can afford new product
development. Further, the costs of different stages of the innovation
process vary across industries, making certain stages more critical in
some industries than in others. For example, R&D accounts for a rela-
tively large part of total innovation costs in some industries (e.g.,
electrical machinery) and for a relatively small part in others (e.g.,
chemicals). In some industries, the costs of pilot plant and manufac-
turing start-up are almost prohibitive relative to firm resources. The
profitability, rate of growth, and availability of investment capital to
industries also affect their ability to finance innovation.

The underlying science and technology base is related to the ease
of innovating in various industries. Innovation seems to be easier in
industries with better-developed science bases and with technologies
to which current "technological trajectories" are readily applicable.

Industries also vary in the nature of their policy environments.
Some industries are heavily regulated, such that innovation is chan-
neled in certain directions. Large firms in other industries face a
constant antitrust threat so that innovations that* may increase
market share are avoided.

In view of the variation in the conditions of innovation across
industries, it may be wise to consider industry-specific innovation
policies or to allow sufficient flexibility to tailor programs to the needs
of particular industries. Analysis of policy proposals -must examine
innovation at the level of industries, firms, and even product lines.
For example, it is necessary to identify the sources of innovation in
an industry to properly target incentives.

H. Financial and Manpower Resource8 Are Nece8sary, but Not
Suffloient, for Innovation (Chapter II)

The firm must have access to the requisite financial and manpower
resources for innovation to proceed. The rate of technical progress
in an industry depends, among other things, on the amount invested
in improvement of the industry's techology. The availability of

resources is not sufficient to stimulate innovation, however, for innova-
tion must compete with other resource needs. If other investments
appear more attractive, resources will be diverted to them. High rates
of interest and inflation tend to make short-term incremental projects
more attractive than long-term innovative projects. Thus, although
Congress may desire to augment the funds available for innovative
activities in certain industrial sectors-through Federal R. & D.
spending, procurement, loans, or subsidies-such funds may be in-
vested in noninnovative activities if the economic incentives are not
right. The subtleties of distinguishing innovative and noninnovative
activities may minikv if liflicult for Congress to formulate policy to
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stimulate innovation. Indeed, Federal economic policies may be acting
to constrain the resources invested in innovation. The interactions
between economic policy and technology may make it desirable to
integrate more closely economic and technology policymaking.

I. Both Large and Small Firms Play Important Roles in Innovation
and Those Roles Differ From Industry to Industry (Chapter IV)

Research, development, and innovation are carried out in firms of
all sizes, although R. & D. expenditures are concentrated in large firms
and most small firms perform no formal, organized R. & D. at all. The
relative importance of large and small firms appears to vary by indus-
try. The largest firms do a disproportionate amount of innovating in
those industries in which innovation is very costly relative to the size
of the firms. Small firms make significant contributions in industries
which are not especially capital-intensive, where innovation is not
very expensive, and in the less expensive early stages of innovation.
Small firms and independent inventors have been the sources of some
of the most important inventions of this century, but these inventions
have often required the resources of large corporations to commercial-
ize them. Increasing complexity of technology and cost of development
make it more difficult for small firms to innovate and compete.

There is a tendency in most industries for larger firms to be more
R&D-intensive than smaller firms. This is largely due to the majority
of small firms which perform no R&D at all, and the concentration of
federally funded R&D in large firms. Evidence suggests that small
firms that perform R&D and innovation do so more efficiently than
large firms.

The entry of new firms into a market appears to be an important
stimulus to competition and innovation, but barriers to entry fre-
quently exist in terms of capital requirements, regulatory exclusions,
or minimum R&D level requirements. It appears that innovation
thrives best in industries with intermediate entry barriers.

New firms based on new technology are often spinoffs from a larger
firm or a university. The spinoff phenomenon is important in the diffu-
sion of technical know-how and the development of industries, wit-
ness the U.S. semiconductor industry. The formation of new, high-
technology firms seems, however, to have decreased in the 1970's, pre-
sumably due to the increasing difficulty of obtaining financing and
meeting regulatory requirements. The financing problems may have
been somewhat alleviated by the Tax Reform Act of 1978.

Small firms can make significant contributions to industrial innova-
tion. Thus the problems of establishing and financing small high-
technology firms today may concern public policymakers. On the other
hand, limitations of small firms and the conditions under which they
can make a contribution should be recognized. Moreover, it should be
noted that the majority of small firms perform no R&D or innovation
and it is difficult to distinguish between these and high-technology
firms in aggregate data on small business.

With regard to large firms, the evidence indicates that they have been
playing an increasingly preponderant role in both invention and in-
novation. In most industries, however, the largest firms are no more
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innovative relative to their size than moderate-size firms. This does not
seem to support arguments that breaking up large corporations will
adversely affect innovation in those industries. Nonetheless, some in-
novations are so expensive that only firms with relatively large re-
sources can undertake them. Consequently. some consolidation may be
desirable in fragmented industries.

J. Conclusion and Rec-ommendations for Future Research

One of the main conclusions arising from this paper is that the
process of technological innovation in industry is complex and full
of uncertainties, and understanding of it is limited. Nonetheless, a
body of research findings has accumulated over the past 20 years that
contains more knowledge about the innovation process than is widely
appreciated. This paper has analyzed that research to summarize for
Congress what is known about industrial innovation to contribute to
discussion and debate on what will surely continue to remain an im-
portant issue on the national scene.

In the course of preparing this paper, it became obvious that certain
important issues would need to be addressed in future efforts. First,
more integration of the findings reviewed in this paper is necessary.
For example, it is possible that integration of findings on industrial
organization and uncertainty could yield more information for public
policymaking. Second, more empirical research needs to be done on
the effects of government policies on industrial innovation. Specific
policy proposals need to be analyzed carefully in the light of what is
known about innovation processes. This information is critical if Con-
gress desires to change policy to stimulate or direct innovation. A
body of relevant material has been accumulated by the Domestic
Policy Review on Industrial Innovation and other activities, but this
needs to be augmented. Third, there is a need for a careful delineation
of what the "innovation problem" is. The problem has been insuffi-
ciently defined in policy debates. This must be done to evaluate the
appropriateness of recommendations made for policy changes to stim-
ulate innovation. Fourth, this paper has highlighted the difficulty of
generalizing about innovation. It seems clear that, to be helpful to
policymakers, innovation analysis must proceed at the level of indus-
tries, firms, and even product lines.

I. DEFINmONS, LIMITATIONs, AND RATIONALE

A. Definitions

Technological innovation is the process by which society generates
and uses new products and manufacturing processes. It includes the
activities ranging from the generation of an idea to its widespread use
by society. The activities include the generation, research, develop-
ment, introduction, and diffusion of new and improved products, proc-
esses, and services for public and private use. This paper focuses on
innovation as it occurs in the private industrial sector.

Technology, as used in this paper, is the body of knowledge pertain-
ing to the industrial arts. This definition is narrower than some others.
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(See U.S. Library of Congress, pp. 99-100.)' According to Mansfield,
"[Technology] consists of knowledge used by industry regarding the
principles of physical and social phenomena (such as the properties of
fluids and the laws of motion), knowledge regarding the application
of these principles to production (such as the application of genetic
theory to the breeding of new plants), and knowledge regarding the
day-to-day operations of production (such as rules of thumb of the
craftsman)." (1968A, p. 10) Technological change is the advance of
this body of knowledge, often taking the form of new methods of
producing existing products, new designs which enable the production
of products with important new characteristics, and new techniques
of organization, marketing, and management. (Ibid., p. 11) Tech-
nology is also used to mean the physical embodiment of knowledge
in production equipment and new products. (Freeman, p. 18) Some
technological change consists of better methods and organization that
improve the efficiency of both old and new equipment; this is so-called

'disembodied technological change. Many changes in technology, how-
ever, must be embodied in new equipment to be used; this is capital-
embodied technological change. (Mansfield, 1968A, pp. 30-31)

Technological change should be distinguished from scientific ad-
vance. Science is directed toward understanding, whereas technology
is directed toward use. The distinction between science and technology
is imprecise, but important. Although technological change sometimes
relies on new scientific principles, this is not always the case, and some-
times scientific advances follow a technological change. For instance,
the science of thermodynamics followed the invention of the steam
engine.

One phase of the innovation process that has been identified is in-
vention. An invention has been defined as "a prescription for a new,
potentially useful product or process that was not obvious to one
skilled in the relevant art at the time the idea was generated" (Mans-
field, 1968A, p. 50) An invention when applied commercially for the
first time is called by economists an innovation. Invention and inno-
vation are distinguished on the grounds that an invention has little
economic significance until it is applied commercially. All inventions
do not lead to innovations, in fact the majority do not. The road from
invention to commercial introduction and subsequent diffusion is often
long and hazardous.

Research and development are important parts of the innovation
process. In the United States, data on the conduct of research and
development are collected by the National Science Foundation. The
definitions used by the Foundation are:

(a) Research is systematic, intensive study directed toward
fuller scientific knowledge or understanding of the subject studied.
Research is classified as either basic or applied.

In basic research the investigator is concerned primarily with
gaining a fuller knowledge or understanding of the subject under
study.

In applied research the investigator is primarily interested in
a practical use of the knowledge or understanding for the purpose
of meeting a recognized need.

1 References are at the end of the paper.
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(b) Development is systematic use of the knowledge and under-
standing gained from research, directed toward the production of
useful materials. devices, systems, or methods, including design
and development of prototypes and processes. It excludes quality
control, routine product testing, and production. (NSF, 1977 A,
p. 48)

Although they are commonly conceived as occurring before commer-
cialization, R&D are also involved in the diffusion and adoption of
new technology.

Diffusion is the process by which innovations spread. Once a new
product has been introduced and proven successfully by one firm, other
firms may copy it (legally or illegally), produce a similar product, and
market it. Once a new production process or piece of equipment has
been used successfully by one firm, other firms may adopt that same
process or piece of equipment. In this way, what was once an idea in
the mind of one person is brought into existence and may become wide-
spread throughout the economy. Diffusion is an important part of the
innovation process because it is through the spread of the innovation
that its impacts on the economy and society are felt. In this context,
so far as human behavior is concerned, it is not as important whether
technology is objectively new as whether it is perceived as new in the
user 's experience.

The output of the process of technological innovation is a flow of in-
novations. There are various types of innovations. A distinction is
commonly made between product innovations and process innovations.
Product innovations are new or improved products. Process innova-
tions are changes in the production process itself. This distinction is
somewhat arbitrary, since what is a product innovation to one firm
may be a process innovation to the firms it supplies. A numerically
controlled machine tool, for instance, is a product innovation for firms
that previously produced -manually controlled machine tools, but it
represents a process innovation for firms that use machine tools in the
production of airplane components. More important, the distinction
is arbitrary because new processes and products are frequently inter-
twined in the same innovation.

Another distinction is often made betwen major (or radical) and
minor (or incremental) innovations. These terms, however, may be
used in a variety of ways. The most common meaning seems to denote
at difference in the level of technological advance sought or achieved.
In this sense, a major innovation represents a relatively large change
from pre-existing technology, while a minor innovation represents a
relatively small change. Another meaning is also often encountered.
This refers to the economic impacts of the innovation, either to the firm
in terms of profits or to society in terms of economic growth. (It should
be noted that innovations can also have negative economic conse-
quences, in terms of losses to the firm and society). In this sense, a ma-
jor innovation may be one that is very profitable for the firm, while
a minor innovation is one that is less profitable. Finally, major and
minor may refer to the social impacts of an innovation. For instance,
the automobile was a major innovation in the sense that it has caused
major changes in the American life-style, while the ballpoint pen al-
though important, lias eause(l less obvious change in society.

56-367 0 - 81 - i3
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There are many conceptual representations of the process of tech-
nological innovation. Although commonly called models, most of these
are not mathematical models that allow prediction of outcomes. A re-
cent analysis concluded that no models of the innovation process exist
that are satisfactory for policy analysis but preliminary work is be-
ginning to develop such models. (Baker and Sweeney) The basic
problem with modeling the innovation process is its complexity. Many
models show a linear progression of innovation activity through
stages from idea generation to commercialization and diffusion, oc-
curring within an environment of technical, economic, and social fac-
tors. Figure 1 shows just one of the many models that have been pro-
posed. These models are highly simplified; in real life the progress
of an innovation is rarely that straightforward. Sometimes stages are
shortened, skipped, or overlapped. Sometimes a retreat must be made
to more fundamental work. Throughout the process there is com-
munication and feedback between groups involved in the various ac-
tivities. The activities commonly occur in different organizations, at
different times, and even in different countries. There are frequently
multiple paths of activity leading to an innovation. Despite their
shortcomings, the models serve to remind managers and policymakers
of the phases of development that an innovation must go through to
succeed on the market. Moreover, they serve as guides to important
problem areas for analysis.

FIGURE 1.-The Process of Technological Innovation: An Example of a Model
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Innovation may be viewed and analyzed in many ways:
As an investment process;
As a problem-solving process;
As a learning process;
As an uncertainty-reducing process; and
As a creative process.

The investment perspective emphasizes cost, returns, and profitability.
The problem-solving perspective emphasizes the matching of market
need with technological opportunity. The uncertainty-reduction per-
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spective emphasizes the effects of economic, technical, and policy un-
certainty on the firm's disposition to invest in innovation. This paper
borrows primarily from the above three perspectives to emphasize
those aspects of the innovation process that are most important for
Congress. Their influence will be found in the form of themes that
cut across the chapters of the paper.

B. Limitations

As in other fields of endeavor, it is almost an article of faith that
our ability to derive benefits from industrial innovation is enhanced
by improved knowledge and understanding of the innovation process.
There are many difficulties, however, facing theory and research in
this area. Innovation is a complex phenomenon incorporating tech-
nical, social, and econoi ic dimensions. Innovation processes vary
across industries and over time in the same industry, due to differ-
ences in structural conditions, incentives, and other important vari-
ables. The lack of agreement on definitions and the inherent difficulties
in measuring intangible concepts such as innovation result in incon-
sistent measurements, restricting the comparability of studies and
the cumulation of knowledge.

1. THE THEORY OF INNOVATION

Ideally, Government policy for industrial innovation should be based
on empirically substantiated theory in the same way that employment
policy is based on macroeconomic theories. Such a theory would
explain the dynamics of industrial innovation, the ways in which it
affects the economy, and the ways in which government can influence
the process to achieve its goals. (Pavitt and Walker, p. 15) Unfortu-
nately, such theory as exists is poorly developed and insufficiently
tested with empirical results. (Downs and Mohr)

Given the complexity of the innovation process, it is extremely diffi-
cult to establish the existence of cause and effect relationships. Correla-
tions have been established between such phenomena as growth of in-
dustrial sales and R&D expenditures, but it is impossible to say
whether R&D growth causes industrial growth, or vice versa, or
whether some third factor-such as good management-causes growth
in both industrial sales and R&D expenditures. It is also difficult to
attribute an outcome-for example, a successful innovation-to a sin-
gle antecedent, such as market research.

Since it is inherently dynamic and uncertain, the process of innova-
tion is difficult to incorporate into static theoretical frameworks. For
instance, although eminent economists such 'as Adam Smith, Karl
Marx, and Joseph Schumpeter considered the importance of tech-
nological innovation, the subject was all but ignored by mainstream
economists until recently. They have tended to treat invention and in-
novation as outside the economic framework, or as "exogenous varia-
bles." Changes in technology were generally excluded from consider-
ation in favor of short-term analysis of fluctuations in supply and de-
mand for goods and services. Even when problems of economic growth
were considered, "technical progress" was treated as a residual factor,
encompassing all contributions to growth other than the traditional
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factor inputs of labor and capital. (Freeman, p. 17) The original neo-
classical theory of the firm assumed that decisions are made by a
myriad of small firms, on the basis of universally available and fixed
technology, with perfect knowledge of alternatives, for the purposes
technology, with perfect knowledge of alternatives, for the purpose of
maximizing profits. The discrepancy of these assumptions from much
of modern economic reality has prompted the search for a sounder
basis for explaining industrial innovation and growth. (See, for ex-
ample, Klein.)

A final problem that should be mentioned with regard to the theory
of innovation is the absence of normative criteria with which to judge
the adequacy of the rate and direction of innovation. (NSF, 1976, p.
12) Policymakers and researchers are concerned about whether there
is enough (or too much) innovation going on and whether it is directed
in the most socially beneficial directions. Innovation is not always a
good thing; too much innovation or the wrong kind of innovation can
have detrimental effects. Environmental pollution and health hazards
resulting from new industrial products and processes are examples of
detrimental effects of innovation. Automation that causes short-term
unemployment may be another. Innovation frequently creates both
positive and negative effects that must be traded off against each other
or dealt with in some fashion. Technology assessment attempts to iden-
tify and analyze the impacts of technological change, thus aiding deci-
sionmaking on new technology.

2. THE PRACTICALITIES OF INNOVATION RESEARCH

There are also some practical limits to our knowledge of innovation.
Innovation is not the unique preserve of any single academic disci-
pline. Researchers representing such varied disciplines as sociology,
political science, economics, operations research, industrial engineer-
ing, and management science have studied innovation. Although this
has its benefits in that multiple dimensions of the innovation process
have been investigated, it has its disadvantages to the extent that dis-
ciplinary parochialism predominates. Warner has indicated the gaps
in knowledge of the diffusion process caused by researchers from vari-
ous disciplines investigating relatively narrow and non-overlapping
aspects of the subject. Moreover, since innovation does not fit neatly
within any of the social science disciplines, it is not recognized as a
fully orthodox area of specilization by most of them. Thus, the number
of researchers contributing to our knowledge of innovation has been
fairly limited over the years.

Innovation is also a diffuse activity. It occurs in thousands of indus-
trial firms and other institutions across the country. Relatively few
data are collected on innovation activities (other than R&D) on a
regular survey basis. Much innovation occurs within industrial firms
and information on the process is frequently regarded as proprietary.
Some researchers have been allowed access to the records and person-
nel of innovating firms, but even this does not solve all problems,
because the records kept by firms often do not correspond to the defi-
nitions used by researchers or government data surveys. Also, there is
a certain reluctance to discuss innovation projects that failed, as op-
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posed to those that succeeded. In research that depends on interview
data, all the usual problems of recall and objectivity pertain.

Another problem in innovation research is that a large part of inno-
vation consists of ideas and concepts, which are intangible. Unless an
idea comes to be embodied in a research project in a company's records,
in patent applications, or in new products or processes, it will likely
never be studied by innovation researchers. Also, it is difficult to iden-
tify innovations because they are, almost by definition, unique.

Because of the difficulties above, much innovation research has been
limited to case studies and anecdotal accounts. These are often valuable
for the insights they offer into how innovation proceeds in the cases
studied, but they are limited in their generalizability. That is, it is
hard to say how findings based on a case study of innovation in diesel
locomotives will apply to innovation in pharmaceuticals or food
mixers. Unfortunately, generalizations in the innovation literature are
often based on the experience of a single firm or a particular period.
These problems are compounded by a variation of innovation proc-
esses and the factors affecting them from industry to industry, product
to product, and sector to sector.

3. TAKING STOCK

The limitations to knowledge of innovation processes, although se-
rious, should not be cause for despair. In the last 20 years, considerable
progress has been made in improving the understanding of the dy-
namics of innovation. Moreover, pressures seem to be increasing for
Government to make some decisions with respect to innovation and
they should be based on the best information and analysis available.

This paper seeks to facilitate the use of existing knowledge of inno-
vation processes by Members of Congress and congressional staff by
summarizing those aspects of ou~r knowledge on which there is con-
siderable agreement and which may bear on possible Government
actions.

C. Private and Social Returns From Innovation as a Possible
Rationale for Government Intervention

Government is concerned with the social impact of industrial inno-
vation. Why, then, should the Federal Government become involved
in civilian industrial R&D and innovation, which are largely private
sector activities? One reason that has been given with increasing regu-
larity in recent years is that goverment policies in such areas as tax,
antitrust, regulation, patents, and procurement have been discouraging
industrial innovation. Government policies that are impediments to
innovation, some argue, should be reexamined and changed, where pos-
sible, to alleviate their negative impacts on innovation. This was the
primary rationale for President Carter's Domestic Policy Review of
Industrial Innovation. However, many government policies, such as
Federal R&D spending, tax deductions for R&D, and the patent system
help stimulate innovation. As will be shown later in this paper, little
is actually known about the impacts of governmental policies on indus-
trial innovation and what the effects of changes in policy would be.
Moreover, since innovation is not always necessarily a good thing (i.e.,
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there can be too much innovation or innovation that is not socially
beneficial) it is impossible to say with certainty whether government
should attempt to stimulate innovation more than it is currently
doing.

In a more theoretical vein, some economic concepts have been de-
veloped as criteria for determining when government intervention
is appropriate. Economists view the decision to undertake innovation
as an investment decision. Economic resources are invested in innova-
tion in the hope of obtaining a return that will pay back the investment
and allow a profit. According to economic theory, the cost of investment
in any activity should be equal to the benefit society derives from that
investment. Such a level of investment will result in the optimal alloca-
tion of economic resources. Certain "market imperfections" occur
however, that may interfere with the efficient allocation of economic
resources as described above. In a market-oriented economy, such
market imperfections may be a rationale for initiating or altering
government activity.

The private return f romn innovation-that accruing to the innovating
firm-may be distinguished from the 80cial return from innovation-
that accruing to society as a whole. Investment decisions based on the
private rate of return from innovation may be different from invest-
ment decisions based on the social rate of return. If the benefit to
society is to be maximized, investments should be determined by the
social rate of return. But in reality, private industrial investments,
including R&D and innovation, are based on the private rate of return.
The industrial firm's incentive to innovate is based on the private re-
turn, not the social return.

In some cases, there may be social costs that do not figure in the
private firm's investment decision. A frequently used example is the
case of pollution. The decision by a firm to release pollutants into a
river imposes costs on persons downstream who have not shared in
that decision. As a result, the firm is likely to invest an amount in
pollution control that, while satisfactory from its point of view, may
be considered inadequate in the broader social context.

On the other hand, the private rate of return from the innovation
may be less than the social rate of return from that innovation. Re-
search, development, and innovation are often cited as examples of
areas where this situation exists. Benefits from the innovation may
accrue to users of the product in the form of savings or increased in-
come that do not figure in the investment decision of the innovating
firm, beyond their effect on the firm's return. In this case, the firm may
be said to he underinvesting in innovation from society's point of view.
(It should be noted that a firm may also overinvest in innovation from
society's point of view.) In the case of underinvestment, society may
forfeit benefits from innovation due to inadequate private incentives.
In such cases, government may intervene to assure that broader social
interests are accounted for in the firm's decisionmaking for innovation
investment.

Recent research by Mansfield et al. (1977), subsequently validated
by Robert Nathan Associates and Foster Assoicates, provided pre-
liminary evidence of high social rates of return relative to private
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rates of return from innovation in some cases. The initial findings by
Mansfield were based on a sample of 17 innovations of average or
routine importance in a wvide variety of industries, most of which oc-
curred in the 1960's. Additional data were obtained concerning the re-
turns from the innovative activities of one of the Nation's largest
firms from 1960 to 1972. l! indings from the latter data generally cor-
roborated those from the former.

The social rates of return from the investments in the 17 innovations
tended to be high. The median estimated social rate of return was about
56 percent. The private rat's of return from the investments in these
innovations were much lower than the social rates of return. The
median private return, before taxes, was about 25 percent. The riskiness
of these investments is evidenced by the variation among the 17 innova-
tions in the private rate of return. The private rate of return before
taxes for six of the innovations was less than 10 percent, while for five
innovations it was more than 40 percent. In about 30 percent of the
cases, the private rate of return was so low that no firm, if it had known
the outcome beforehand, would have invested in the innovation, but
the social rate of return from the innovation was so high that, from
society's point of view, the investment was worthwhile.

Mansfield's findings, as he admits himself, are insufficient to conclude
that there is general underinvestment in industrial innovation. For
one thing, government intervention existed in Mansfield's cases, in
the form of support for basic research and expensing of R&D expendi-
tures for tax purposes, among others. Moreover, it may be argued that
in those cases where social benefits are high but private benefits are low,
the Government already has a role. Some of these areas include defense,
energy, and basic research.

Most economists who have studied social and private returns to in-
dustrial innovation feel that it is likely that underinvestment exists.
This leaves unanswered, however, the questions of how and in what
situations the Government should become involved in innovation and
what the socially optimum level of investment in innovation is. Eco-
nomics and the other policy sciences are still unable to answer these
questions. For this reason, and from past experience, it may be un-
unjustified to assume that the Federal Government can make better in-
novation investment decisions than private industry.

II. FAcroRs AFFECTING INDUSTRIAL INNOVATION

The rate of technological innovation in an industry is influenced
by a variety of factors. Mansfield identified some of them, including:
the amount of resources devoted to the improvement of the industry's
technology, resources devoted by other industries to the improvement
of capital goods and other inputs, market structure, legal arrange-
ments, attitudes toward technical change, organization and manage-
ment of R&D, and the amount and character of R&D performed in
universities or other countries. (1968 A, pp. 17-19) The factors affect-ing innovation are eategorized here as economic, technical, and institu-
tional. In reality there is much interaction among the categories. In
particular, economic factors largely reflect the other factors, with the
added advantage of being easier to measure.
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A. Economic Factor8

The decision to innovate may be regarded as an investment decision
that trades off expected costs and returns. Like other investment dle-
cisions, innovation responds to the signals provided by the market in
terms of changes in demand and costs of inputs. There are thus two
kinds of economic factors affecting innovation: factors that affect the
demand for or payoff from innovation and factors that affect the dif-
culty or cost of innovation. (Nelson and Winter, p. 49).

1. PAYOFF FROM INNOVATION

It is widely accepted that the primary incentive for innovation in
industry is expected profit. Mansfield said:

Econometric studies indicate that the total amount a firm spends on research
and development is influenced by the expected profitability of the research and
development projects under consideration and that the probability of its accept-
Ing a particular research and development project depends on the project's ex-
pected returns. Case studies of particular Inventions and studies of patent statis-
tics seem to support this view. (1968 A, p. 17)

Often, however, detailed and sophisticated analysis is required to
understand where profit opportunities lie in a field of innovation. It is
often not easy to identify innovation profit opportunities beforehand,
so that expected profit frequently does not correspond with actual
profits obtained. Moreover, personal and organizational characteristics
may influence a firm's perception of, and response to, profit opportuni-
ties. (Discussion of the firm's decisionmaking for R&D and innovation
is in Chapter III, Section D.)

Peck's work on the aluminum industry provides some evidence with
respect to the relation between innovation and expected profits. He
found that the source of innovations in that industry depended on the
absolute profitability to the firm of the innovation, the size of these
profits relative to firm size, the certainty and immediacy of these
profits, the level of R&D resources, and the number of firms. This work,
and more recent work by Von Hippel (1979), indicates that the source
of innovations in an industry mav be determined by relative ability to
appropriate these benefits (profits) from the innovation.

Demand for an innovation frequently takes the form of demand for
products with improved performance relative to their cost. Nelson,
Peck, and Kalachek described this:

An expansion of demand for a good can be reflected In Increased demand for
advances which reduce the cost of existing products, or for advances which permit
higher performance, or both. The reflection of growing demand generally Is an
increase in the scale of output of a particular industry. An expansion of industry
output clearly provides stimulus to both cost reducing and quality Improving
advances. The larger the overall market, the greater the potential profit a firm
can make from an improvement In efficiency which permits it both to cut costs and
to shade prices, and the larger the absolute expansion in sales to be expected from
any product Improvement. (p. 30)

They noted that the stimulating effect would extend back to the in-
dustry's material and equipment suppliers.

Evidence for the importance of demand-pull in explaining patterns
of invention was provided by Schmookler. He found that the relative
number of patents awarded for capital equipment for different indus-
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tries was closely related to the past expenditures on capital equipment
by those industries. For example, increased demand in the railroad
industry for capital equipment seemed to stimulate invention of new
and improved railroad capital equipment. Utterback's review of a large
number of case studies revealed that 60 to 80 percent of important inno-
vations were in response to market demands and needs; the remainder
originated in response to new scientific or technological advances. It
may be misleading, however, to assume that market demand is the
dominant force in calling forth innovations. As will be discussed later,
the supply of new technology and institutional arrangements are also
crucial to the innovation process. Moreover, the relative importance of
market-pull vs. technology-push is to some extent a chicken-egg prob-
lem. Mowery and Rosenberg have criticized the innovation studies that
concluded that market demand is the dominant force stimulating
innovations.

Given that expected profit is a primary incentive, does investment
in innovation have the desired results in terms of innovation and
profit? Kamien and Schwartz found substantial evidence that the
quest for profit and the devotion of resources to R&D activity posi-
tively influence the rate and direction of inventive activity. They also
noted that a positive association between sustained R&D programs or
innovations and subsequent growth and profitability has been found in
a number of studies. (p. 23) The direct average gross rate of return on
private R&D expenditures appears to be 30 to 40 percent; which is
high compared to alternative investments. (NSF, 1977 C)

On the other hand, there is conflicting evidence about the relation-
ship between levels of profits and innovative activities at a later date.
One would expect a positive relationship because R&D is generally
funded out of the firm's profits. Pavitt and Walker concluded that the
level of corporate earnings appeared to affect the funding of basic
research since the decline in corporate earnings during the late 1960's
and early 1970's was accompanied by a decline in industrial basic re-
search. The influence of corporate earnings on all R&D activities, how-
ever, was not so clear. Studies in the United States and the United
Kingdom found no relationship between trends in profit levels and the
levels of corporate R&D funding in the late 1950's and 1960's. Thus,
Pavitt and Walker concluded, while it appears that successful innova-
tion leads to higher profits, it is not clear that higher profits lead to
more innovation. (pp. 38-39) There is evidence, however, that R&D
funding levels are set by management in relation to sales levels.

Nelson, Peck, and Kalachek postulated a second kind of demand for
innovation: the demand for products which conserve the use of an in-
put which is becoming scarce or costly. They cited arguments that in
England, where fuel was scarce and expensive, a much larger percent-
age of technological advances in the 19th century was aimed at saving
fuel than in the United States where fuel was abundant. (pp. 31-32)

More evidence for the importance of innovation in reducing inputs
of increasing cost is found in the work of Enos. Enos found in the case
of oil refining that technical progress absolutely reduced the require-
ments for each input. For improvements, he found it possible to predictinput savings from trends in input prices and in this phase the scarcest
input was saved most. But for major innovations, changes in input
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proportions bore little relation to trends in input prices-Enos sur-
mised the reason to be that technical factors govern in major innova-
tions.

Nelson. Peck, and Kalachek concluded that:
... efforts to advance technology will tend to be drawn toward reducing cost

and increasing product performance in industries and classes of products where
demand is rising, and toward saving on factors whose relative cost is rising.
Since the costs of different kinds of advance may differ this does not necessarily
mean that technological advance will be more rapid in large industries, or that
factor saving innovation will always be sufficiently strong to offset the growing
scarcity of a particular factor-only that allocation of inventive effort will tend
to move in these directions. (p. 33)

The response of innovation to changes in relative factor prices, how-
ever, is still controversial. (See Binswanger and Ruttan.)

2. COST OF INNOVATION

A firm's propensity to undertake an innovation is determined by the
expected cost of innovating, as well as the expected return. An Arthur
D. Little, Inc., study of barriers to innovation as perceived by indus-
trial firms found significant concern about payout on plant invest-
ments and start up among capital intensive and small companies. This
perceived barrier was particularly serious where new processes re-
quired new facilities and the abandonment of existing facilities. (p. 20)
Some of the determinants of innovation cost are size and complexity
of the project, extent of technical advance sought, time available for
completion, and the stock of underlying knowledge.

Little information exists about the costs of completed innovation
projects undertaken in the private sector with private funding. The
most easily obtained costs are those for R&D; however, R&D costs may
account for a minor portion of the total costs of an innovation project.
Pavitt and Walker, comparing three previous studies (see table 1),
found that for five industries in the United States and Canada an
average of 47 percent of the total costs of industrial innovation was
required for R&D. The range was from 22 to 77 percent. This does not
support common wisdom stemming from the earlier 'Charpie" report
that R&D accounts for about 10 percent of innovation costs. There were
differences by industry-R&D being relatively most important in elec-
trical and electronics and least important in chemicals.

TABLE 1.-ESTIMATES OF THE RELATIVE COSTS OF THE STAGES OF INDUSTRIAL INNOVATION

[in percent]

Machinery
Chemicals and

Machinery transport Electronics,
United United equipment' United Elecirical,
States Canada States Canada States Canada

Research and development -43 22 47 43 51 77
Tooling, manufacturing facilities and

startup -50 70 42 51 43 21
Marketing startup and other expenses 7 8 11 6 6 2

Total -lo 100 100 100 100 100 100

I Excluding aircraft.
Sources: Upited States: E. Mansfield et al., "Pesearch and Innovation in the Modern Corporation" (MacMillan Preo.

New York, 1971) ch. 6. Canada: H. Stead, "The Cost of Technological Innovation", Research Policy 5(1976)2.
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It should be noted that a unit of advance in one technology or in-
dustry may cost more than in another. For instance, large expenditures
may be necessary in aircraft or steel for an amount of advance that
would cost much less in scientific instruments.

Mansfield et al. recently analyzed the distribution of costs in the
development process (the activities leading to introduction of a new
product, excluding basic research) for 56 polymer development proj-
ects. Most development costs were spent on four activities-pilot plant,
applications research, market development, and bench scale work.
About 50 percent of the total costs went for pilot plant work, about 19percent for applications research, about 14 percent for market devel-
opment and about 12 percent for bench scale work. There was consid-
erable variation in the distribution of costs between projects; some
projects, for example, required no market development at all. There
may be change over time in the importance of various development
activities. For example, pilot plant work may have become less impor-
tant in chemical development. (Mansfield, et. al., 1977, p. 199)

Nelson, Peck, and Kalachek demonstrated the dramatic cost esca-
lation in the later stages of innovative activity, based on Du Pont's
expenditures for Nylon. (See figure 2.)

FiGuBE 2.-Du Pont's Annual Investment in Nylon, 1928-40

They said:
The first polymers were produced and shown to be useful for textile fibers in1934. Up to that point, Du Pont had invested only about $1 million in R&D. Thelarge expenses occurred later. Ways had to be found to process the polymer intofilaments and to spin them into useful fibers. Some of this work could be done

relatively inexpensively in the laboratory, but diffculties in extrapolating the
results of some small-scale reactions made it necessary to build and experiment
with large scale equipment. Between 1934 and 1939, the year that large-scaleproduction of nylon stockings was begun, Du Pont invested $26 million; $5 mil-
lion more in R&D, and $21 million in plant. (p. 92)
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Few data exist on the total costs of specific innovations. This is
regarded as proprietary information and may not be readily determin-
able even by the innovating firm. Figures are available for a few proj-
ects, but they are not meaningful given different definitions and the
change in dollar values over time. Moreover, it is the distribution of
costs over the life of an innovation project (e.g., for R&D, pilot plant,
etc.) that is of interest.

As pointed out by Mansfield, the absolute costs of innovation may
not be as important in the innovation process as the cost of innovation
relative to the assets of the firm or industry undertaking the innova-
tion. In the chemical industry, according to Manfield, the costs of in-
novation are unusually high relative to the assets of the firms; there-
fore the largest firm, Du Pont, plays a major role in the introduction
of innovations relative to smaller firms.

Freeman supported this view, saying:
. . .the higher the development and associated innovation costs, the greater

the advantage to the larger scale producer. . . . The development, design and test
costs are very high for new generations of equipment and they are an absolute
threshold which must be met by any firm which wishes to compete, irrespective
of its sales volume. The predominance of the giant corporation in innovation in
many branches of industry is quite understandable in the light of these consider-
ations. . . . (pp. 219-220)

Mansfield's recent findings indicate that, all other things being
equal, the development cost for a polymer seems to decrease, on the
average, by about 11/3 percent for every year of additional R&D
experience in the area on the part of the firm. Moreover, the percentage
of total innovation costs devoted to R&D tends to decrease as the firm
gains more and more innovation experience. Thus, experience in a
particular area of R&D helps make firms more efficient at innovation
in that area.

Nelson, Peck, and Kalachek suggested the existence of a trade-off
between research to build the scientific base of an industry and the
later stages of development work. They suggested that resources de-
voted to building the scientific base would pay off by reducing the cost
of later innovation work. In a similar vein, Freeman pointed out that
as the scientific understanding in an industry increases, there is less
need for empiricism in the pilot plant stage because more reliable
extrapolations can be made from small-scale experiments to produc-
tion-line conditions. Hamberg also noted that R&D costs less in indus-
tries that have a well-developed scientific base.

3. INTERNATIONAL TECHNOLOGY TRANSFER

Recently there has been some concern about international technol-
ogy transfer and its effects on U.S. economic welfare and tech-
nological position. Some analysts have argued that through exports,
foreign direct investment, and licensing, UT S. firms are di ffusing their
technology throughout the world, where it may be copied and sold for
lower prices, thus increasing competition for American industry. It
has been argued that through the transfer overseas of American tech-
nology, the United States is losing the position of technological su-
periority it has had in many product lines since World War II. There
have been calls for government to place controls on international
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technology transfer for these reasons. It is frequently not realized,
however, that the possibility of a firm's exporting, making foreign
investments, or selling licenses may induce it to engage in R&D
programs that would not be economical if the U.S. market were the
only one considered. It has been hypothesized that the possibility of
international technology transfer actually works to increase U.S.
technological innovation.

In an effort to investigate this hypothesis, Mansfield, Romeo, and
Wagner have provided what appears to be the first systematic evi-
dence on the effects of foreign trade on U.S. R&D activities. Based on
a sample of 30 firms, they found that about 30 percent of an R&D
project's returns, on the average, were expected to come from foreign
markets or foreign utilization. There was a great deal of variation
among firms, however; some firms expected zero percent of returns to
come from foreign sales or utilization, while some firms expected as
much as 60 percent to come from such sources. This variation appears
to be due to variation in the amount of overseas business conducted by
the firms. The relative importance of foreign markets and utilization
in the returns from a firm's R&D program was directly related to the
extent to which it depended on foreign sources for its current sales.
Holding constant a firm's percentage of sales from abroad, the relative
importance of foreign markets and utilization in the returns from a
firm's R&D program was greater in more research-intensive firms.

Based on data from 10 of the firms (all in the chemical industry),
it appears that research projects have a somewhat larger share of their
returns come from abroad than development projects. This seems
reasonable, since the results of research projects are probably less
specific and thus may be applied in foreign markets as well as do-
mestic markets. Foreign returns are expected to be most important
for R&D projects aimed at new products-accounting for about 40
percent of the return on an average. According to executives from the
firms, the principal reason a larger share of the returns from new
product R&D is expected to come from foreign markets is that the
firms are hesitant to send their process technology overseas, since it is
more difficult to control.

These preliminary data indicate that much of U.S. R&D is done with
the expectation that a considerable portion of the returns will come
from abroad. Thus international technology transfer appears to act
as an incentive to U.S. R&D. This would lead one to expect that if in-
ternational technology transfer opportunities did not exist, then an
important incentive to conduct R&D would be lost. Mansfield's data
indicate that firms would reduce their R&D spending by 12 to 15 per-
cent if they could not utilize any new technology abroad in foreign
subsidiaries. They would reduce their R&D spending by 16 to 26 per-
cent if foreign subsidiaries and all other means of international tech-
nology transfer were cut off. The percentage cut for product R&D
would be about 35 percent, while for process R&D it would be about 5
percent. This is consistent with the finding that a much larger share of
the returns from product RR&D is expected to come from abroad.
Analvsis revealed that relatively little difference would occur in the
size of reductions for basic research, applied research, and development.
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B. Technical Factors

Although economic factors are crucial in the innovation process, they
alone do not govern it. The supply of new technology is also necessary.
Sometimes technical factors are preeminent in stimulating technolog-
ical innovation. As stated by Pavitt and Walker:

Very significant innovations have grown out of new scientific discoveries (e.g.,
nuclear power), and some have created their own demand (e.g., computers);
and need-stimulated innovations still require the application of known and of
newly created scientific and technological knowledge.... (p. 21)

1. THE SCIENCE BAE

Advances in science are important components of the "technical"
factor. It is frequently claimed that the rate and character of scientific
advances have significantly affected the rate and character of techno-
logical advances, especially in recent times. This is said to be partic-
ularly so for major advances in technology, as opposed to minor im-
provements. (Mansfield, 1968 A, pp. 11-12) Specific cases have been
cited where basic research has led to major technological advances,
such as transistors, nylon, dacron, hybrid corn, and radar.

In some cases the lack of scientific knowledge has held up the inven-
tion and introduction of important products. Nelson, Peck, and
Kalachek argued that:

. . . there was strong demand for products such as antiseptics and the telephone
long before their invention. Had they been invented years before, there is little
doubt that they would have been profitable. In both cases there is no question but
practical experience played a role In posing the problem and in suggesting certain
aspects of the solution. But in each, an essential part of the thinking which trig-
gered the efforts at Invention and was applied to solve the problem involved
scientific understanding which did not exist before; the germ theory of infection
In the one case, the theory of electromagnetism in the other. (p. 39)

In the 20th century whole industries based on science have arisen,
such as the chemical, electronics, and aviation industries. Science ap-
pears to be necessary to provide the basis for new industries of the
future which will replace older industries of lower productivity. Science
is sometimes pictured as the "engine" of technology, without which
technological progress would eventually slow down and stagnate.

The science base underlying an industry's technology may explain
some of the differences in rates of technological change among indus-
tries. Nelson, Peck, and Kalachek argued that major technological
advances come more easily in the science-based industries because of
the large and continuing effort they put into basic and exploratory
research. (p. 43) Hamberg expressed the opinion that when an indus-
try draws upon a well-developed basic science, R&D costs are lower.
Nelson explained why this should be so:

In the activity of invention, as in most goal-directed activities, the actor has
a number of alternative paths among which he must choose. The greater his knowl-
edge of the relevant fields. the more likely he will be eventually to find a satis-
factory path, and the fewer the expected number of tried alternatives before a
satisfactory one is found. Thus, the greater the underlying knowledge, the lower
the expected cost of making any particular Invention. (p. 152)

The evidence on this issue. I however, is inconclusive. While the trend
may be positive, the actual fraction of innovation due directly to basic



201

research may still be low. Moreover, the declining trend in industrial
basic scientific research indicates that the relation of science to inno-
vation is heavily conditioned by economic, policy, managerial, and
other factors. (Nason, et a l.)

Since the middle 1960's there have been several studies attempting
to connect basic scientific research with industrial innovation. In 1965,
Price, based on an examination of citations in scientific and technologi-
cal journals, concluded that science and technology progressed largely
independently of one another. Project Hindsight, sponsored by the
Department of Defense, found basic science inputs to be of little impor-
tance to technological developments. However, this may have been due
to the short period studied. Two other studies-TRACŽES and Inter-
actions of Science and Technology in the Innovative Process-found
basic research to be crucial to the innovations studied. TRACES found
that 30 years, on average, elapsed between basic research events and
their technological application. A 1974 study by Gibbons and Johnston
found that, of 900 knowledge inputs to 30 innovations, more than one-
third of those inputs from outside the firm were from scientific litera-
ture. That study concluded that basic scientific research contributed
to industrial innovation, both directly-through the transfer of infor-
mation relevant to specific innovations via scientific literature or con-
tact with basic research scientists-and indirectly through the primary
and continuing education of industrial engineers.

A recent study of citation patterns in patent applications for pro-
staglandins and gas lasers found strong ties to the scientific literature.
(Carpenter and Narin) Eighty percent of the references from prostag-
landin patents to all sources (patents, scientific journal articles, and
miscellaneous sources) were to papers in scientific journals and about
one-third of the references in gas laser patents were to scientific jour-
nals. Moreover, the scientific literature cited was relatively recent:

The median age of the cited papers from the prostaglandin patents was about
six years, two years older than the median age for papers cited by typical chem-
ical papers. The gas laser patents cited literature with a median age of only
three years, two years younger than the median age of papers cited by typical
physics papers. (p. iv)

Innovation researcher Thomas Allen has suggested that ordinarily
a long time lapse oceurs between a scientific advance and a technologi-
cal advance that utilizes it. However, this delay may be significantly
shortened under certain conditions-specifically, when a technology
has advanced to a limit at which an improved understanding of the
basic science involved is required; when the problem is communicated
by the technologists to basic scientists in terms of a basic research
problem; when the scientists attack and resolve the problem; and
when the solution is passed back into the technology immediately.
Thus, direct and immediate application of basic research to technology
seems to occur when the technological problem is the driving force
and can be translated into an interesting and researchable basic science
problem. (pp. 52-53)

A large part of the effect of basic research upon industrial innovation
is made through the education of industrial scientists and engineers.
(Haeffner, Gibbons, and Johnston) Much of the flow of scientific and
technical information into the industrial firm is "person-embodied."
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Among the most effective channels are the movement of graduates into
industry and the communication of a teacher to students. (Shimshoni)

Gibbons and Johnston, writing in Europe, where there are distinct
educational programs oriented towards industry and academia, found
that the type of education that predominates in an industry partly
determines the types of innovations that are undertaken. Those with
predominantly industry-oriented education are limited to seeking solu-
tions to problems that lie within their educational training or indus-
trial experience, while those with predominantly academic training
have the ability to try a wider range of solutions. (pp. 237-238)

2. TECHNOLOGICAL FACTORS

Although they are frequently considered together, it is important
to distinguish scientific and technological inputs to innovation. Rosen-
berg emphasized that technology is to a large extent "self-contained'
in the sense that it exploits knowledge which has been produced within
the technological realm and not imported from the scientific world.
Such knowledge is often a by-product of manufacturing processes.
Rosenberg said:

Much of the most important work of engineers has involved the design and
development of products with certain performance specifications and without the
guidance of systematized scientific knowledge. In aerodynamics and fluid me-
chanics, for example, engineers have routinely produced information sufficient
for a safe and workable solution to some technical problem long before scientific
understanding was achieved.... Just as the attempt to understand the factors
determining the performance of the steam engine historically gave rise to the
laws of thermodynamics, so has the attempt to understand the principles deter-
mining the operation of already-existing technology given rise to the development
of further new scientific knowledge. Thus, the relation between the realms of
science and technology is not a simple and linear one of causation, but includes
much more intricate loops and feedbacks than is generally recognized. (1976, pp.
23-24)

Nelson and Winter also emphasized the importance of technological
factors in explaining differential rates of innovation. They suggested
the proposition that "research and development activity is more power-
ful when directed toward the technologies of certain industries than
toward the technologies of others; therefore, the disparities in rates
of technical progress reflect some kind of innate differences in ability
to advance efficiently the different kinds of technologies." (p. 45)

Nelson and Winter referred to technological "trajectories" to de-
scribe the fact that technological progress seems to have a certain dy-
namic of its own. They explained:

. . .Particularly in industries where technological advance is very rapid,
advances seem to follow advances in a way that appears somewhat "inevitable"
and certainly not fine tuned to the changing demand and cost conditions. Rosen-
berg talks of "technological imperatives" as guiding the evolution of certain
technologies; bottlenecks in connected processes, obvious weak spots in products,
clear targets for improvement, etc. . . . (p. 56)

Hughes made use of similar concepts-such as "critical problems"
and "bottlenecks" in technology in his biographies of major inventors.

In many cases trajectories are specific to a particular technology or
broad group of technologies. A technological trajectory refers to engi-
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neers' beliefs about what kind of change is feasible or worth attempt-
ing. Nelson and Winter elaborated:

. . . For example, the advent of the DC-3 aircraft in the 1930's defined a par-
ticular technological regime; metal skin, low wing, piston powered planes. Engi-
neers had some strong notions regarding the potential of this regime. For more
than two decades innovation in aircraft design essentially involved better
exploitation of this potential; improving the engines, enlargening the planes,
making them more efficient. . . . In many cases the promising trajectories and
strategies for technological advance, within a given regime, are associated with
imrovements of major components or aspects thereof. In aviation, engineers
can work on improving the thrust-weight ratio of engines, or on increasing the
lift-drag ratio of airframes. General theoretical understanding provides clues as
to how to proceed. . . . (p. 57)

There also appear to be certain generic trajectories that apply to a
broad range of technologies. Two such trajectories that have existed
for centuries are exploitation of economies of scale and mechanization
of operations that have been done by hand. Two new trajectories
opened up in the 20th century; (1) The exploitation of understanding
of electricity and the resulting creation and improvement of electrical
and later electronic components, and (2) similar developments regard-
ing chemical technologies.

Nelson and Winter discussed some of the implications of these tra-
jectories for industry:

. . .improvements in ability to understand electrical phenomena and growing
experience with electrical and electronic equipment led to a substitution of these
kinds of components for others. And technologies that had many and important
electronic components were better able to benefit from the improvements in
these components than other technologies. It is apparent that industries differ
significantly in the extent to which they can exploit the prevailing general natural
trajectories, and that these differences influence the rise and fall of different
industries and technologies. (p. 59)

Thus, technological factors, broadly defined, are important influ-
ences on innovation and they vary significantly from industry to
industry.

C. Inqstitutional Factors

Institutional factors also affect industrial innovation. Markets, gov-
ernments, industries, and firms are some of the institutions involved
in the process of industrial innovation. Each institution has its own
characteristics that affect the outcome of the process. For example, al-
though innovation responds to market signals to a large extent,
markets do not always allocate resources in socially optimal ways. In
these cases governments may intervene and when they do, political
considerations inevitably come into play.

The structure and motivation of industries and firms affect their
willingness and ability to undertake R&D and innovation. Moreover,
not only must the innovating firm be considered, but so must sup-
pliers and customers, sources of finance, sources of scientific and
technical knowledge and other institutions. There is a system of insti-
tutions that interact in the introduction and application of innova-
tions. For the innovation process to proceed smoothly, all the compo-
nents of the system must act in harmony. As indicated by Nelson,
Peck, and Kalacheck:

In some cases no real problem exists; thus the success of the catalytic crack-
ing process depended almost entirely on changes internal to the adapting com-
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pany. Sometimes, however, there may be fragmentation of authority. The effective
introduction of prefabrication in the building industry thus may require a revi-
sion of building costs by local governments and modification of behavior by
architects, structural engineers, contractors, and labor unions, with the incentives
for any one group to change being relatively small until the other groups change
their practices. . . . (pp. 100-101)

The institutions involved in innovation vary significantly from sec-
tor to sector; for instance, the institutions handling innovations in the
public sector are quite different from those in the manufacturing
sector. Such institutional differences partly account for differences in
the rate and direction of innovation in these sectors, but just how is not
well understood. The diffuse performance criteria by which public
agency managers are judged may be a deterrent to innovation. (Roess-
ner, 1975) The importance of institutional factors to innovation in
such areas as housing has been underscored in case studies. (Strass-
man)

Obstruction of labor unions to technological change has been a com-
mon charge. Carter and Williams, however, found that in Great
Britain in the early 1950's, labor acceptance of change, rather than
resistance, was the rule, except in depressed industries. Where there
had been a history of labor trouble on different issues, there was more
likely to be resistance to technological change. Firms might forestall
labor resistance by going slow with innovations, but this (rid not
appear to be a major problem. Mansfield, in the United States in the
1960's, found that willing acceptance of technological changes was the
most frequent union policy, and outright opposition to change, al-
though not rare, was found in only a small proportion of cases. (1967A,
p. 150) Since labor resistance to technological change is motivated
by a fear of unemployment, it may wax and wane with economic condi-
tions. A 1973 study of perceived barriers to industrial innovation by
Arthur D. Little, Inc., noted:

Resistance on the part of labor unions does not seem to constitute an important
perceived barrier to innovation. None of our industry respondents raised this
issue. (However, industries with known labor-related barriers to innovation were
not included in our sample .... ) (p. 21)

A 1979 study by McLaughlin concluded that the most common re-
sponse of U.S. labor unions to the introduction of new technology is
willing acceptance. The second most common response is opposition,
followed by adjustment or willing acceptance. The organizational ef-
fects on corporations dealing with labor unions may discourage inno-
vation indirectly.

Institutional arrangements may be a major obstacle to innovation in
many areas such as local governments, fragmented industries, hous-
ing, and consumer products. There have been calls for institutional
reforms and completely new types of institutions to stimulate innova-
tion. Institutional rigidities and inflexibilities may tend to be corre-
lated with the age of the industry or product. (Abernathy and Utter-
back) Organization theory would tend to support this claim. (Burns
and Stalker)

Institutional factors are certainly important in determining the rate
and direction of innovative activity and must be taken into account in
any consideration of policy action. They are probably less well under-
stood than the economic and technological factors.
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D. Summa"ry

Industrial innovation responds to economic forces, and in doing so
helps make the economy flexible and responsive to changing conditions
of demand and input costs. But the response does not happen automa-
tically because the innovation process is also guided by technical and
institutional factors.

Innovation depends on the perceptions, knowledge, skills, and capa-
bilities of individuals and organizations. Economic signals are per-
ceived by corporate executives who may decide to invest more in R&D
for new products or production processes. Research and development
are heavily influenced by technical factors, especially in the early
stages. Economic considerations are always there implicitly, but use
of specific economic variables in making R&D decisions is made in-
creasingly as one moves into the later stages of R&D. The technical
part of the innovation process has its own laws which guide its direc-
tion and determine how rapidly innovation can respond to economic
signals. Institutional factors must also be conducive to innovation and
there is always the element of chance.

Congress needs to be aware of the problems and complications that
may arise in attempting to force technological change, as well as the
potential for meeting national needs. A graphic analogy is provided
by Alexander, who warns that pressure to force technological change
"must be applied with knowledge, prudence, and patience." Indus-
tries and technologies, he said:

... have their own natural time scales for change, the pace being determined
by the workings of such sequences as the depreciation and retirement of capital
equipment and the research, development, test, scale-up, and production cycle.
Attempting to force change too rapidly . . . is like trying to propel a boat beyond
its own inherent hull speed, as established by the laws of hydrodynamics. The
result is scant additional progress, lots of waves, noise, and wasted energy-
and in the extreme, destruction of the boat. (p. 141)

This is not to say that Congress will not be able to stimulate industrial
innovation, but merely to assert that to obtain optimum benefits from
the industrial innovation system requires working with it, not against
it.

III. RISK AND UNCERTAINTY

Risk and uncertainty are inherent characteristics of the innovation
process, stemming from its essentially "new" nature. Uncertainty may
be the single most critical aspect of industrial innovation.

Innovation is a process of elimination. Most projects are scrapped
before they reach the development stage. Although risk and uncer-
tainty are especially high in the early stages (perhaps less than 10 per-
cent of submitted ideas pass the initial screening), they are associated
with all phases of innovation activity and frequently remain at sub-
stantial levels even when the new product or process is introduced to
commercial use. According to Freeman, the conventional wisdom of
R&D management is that the "success" ratio is one project in 10 or even
1 in 100. (p. 222) A study by Mansfield showed that for every 100
projects that were begun, 57 were completed technically, 31 of this
number were commercialized, and only 12 of the 31 were market suc-
cesses. (1971, p. 62) Oneauthor said that of product ideas received by
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a firm, only about 0.5 to 3.5 percent result in some form of profitable
return on investment. (Haeffner) Many other such estimates of suc-
cess and failure rates have been made.

Such generalizations about the proportion of projects that fail,
however, may be misleading because they are often unclear about the
criterion of failure they are using and the phase of the innovation
process to which they are referring. "Failure" may mean that a project
was terminated at any stage of the process from basic research through
development or initial marketing. Termination is much more common
in the early phases than the late ones, although it is still frequent in
these phases. Moreover, the criteria for success may differ from firm to
firm. An innovation terminated by one firm because of disappointing
sales may be continued by a firm that does not seek as high a level of
sales. Nevertheless, the main point remains valid: Innovation is a
process of elimination and the chance of any individual project mak-
ing it through to the market and succeeding there is slim.

A recent study of 200 innovations that passed the initial screening,
but failed subsequently, found that once past the initial screening little
weeding out was done until the project entered the relatively expensive
later stages. Almost three-quarters of the innovations made it into
pilot test before being discontinued. More innovations-23 percent-
failed in pilot test than in any other stage. The second largest number
of innovations-19 percent-was dropped in the last and most expen-
sive stage, production installation. The marketplace presented the
greatest risk. Uncontrollable market factors and limited sales potential
accounted for many failures, but poor management accounted for many
also. (Myers and Sweezy)

Risk and uncertainty are terms used to refer to the high chance of
failure that exists in innovation. They represent different degrees of
a chance of failure. Risk is the probability of failure and as such can
be calculated by applying statistical methods to existing bodies of data.
Thus, if it is similar to those of the past, one may calculate that project
X has a 10 percent chance of succeeding and make a rational decision
on whether to proceed. Uncertainty, on the other hand, describes situa-
tions where the probability of success cannot be calculated. In such
cases, decisions must be made on other than purely rational bases. Un-
certainty, rather than risk, dominates the innovation process because
of its discontinuity with the past.

In general, uncertainty is caused by imperfect information about
present circumstances and about what will happen in the future. The
degree of uncertainty tends to increase with the length of time into
the future, because with more time there is a greater possibility of
events occurring that could adversely affect the project. For this rea-
son, the success of a project scheduled for introduction in one year may
be less uncertain than one scheduled for introduction in 5 years. The
degree of uncertainty also generally increases with the degree of tech-
nological advance that is sought in a project. Thus. basic scientific
research and radical product innovations represent high degrees of
uncertainty, while modification of products and processes and product
differentiation ("model" changes) represent little uncertainty.



207

A. Types of Uncertainty

Uncertainty associated with innovation may be due to a variety of
factors: technology, production, suppliers, customers; third parties
such as labor, government, anti public interest groups; and timing.
There is no agreement on which type of uncertainty is greatest, as it
may depend on the specific case. Although market uncertainty often
seems greater than tecimological uncertainty, they are closely related
and tend to be reduced in tandem as research progresses to develop-
ment.

Some uncertainty may be due to lack of knowledge of what the
competition is doing. If Firm B introduces a better product before
or after Firm A introduces one, it will likely mean failure for Firm
A's new product. Thus, the technical and commercial success of com-
petitors may affect the outcome of each innovation attempt. This type
of uncertainty does not exist in all situations, but there are other
sources of uncertainty even when this one does not exist. Uncertainty
may be classified as technical uncertainty, market uncertainty, and
general business uncertainty.

1. GENERAL BUSINESS UNCERTAINTY

General business uncertainty refers to lack of knowledge about fu-
ture economic conditions and business environment. To account for
this type of uncertainty, a discount rate is generally applied to esti-
mated future income and expenditures from proposed projects. Al-
though it applies to all decisions about the future, general business un-
certainty has a disproportionate impact on innovation investments to
the extent that they have a longer time horizon.

2. TECHNICAL UNCERTAINTY

Discussing technical uncertainty, Freeman made an important
point:

Technical uncertainty is not merely a matter of "work" or "not work," although
this is, of course, decisive for success.... Much more usually it is a question of
degree-of standards of performance under various operating conditions and
at. what cost. The uncertainty lies in the extent to which the innovation will
satisfy a variety of technical criteria without. increased costs of development,
production, or operation. (p. 224)

One of the purposes of R&D and test production is to reduce the tech-
nical uncertainty. Some may remain, however, even in the early stages
of commercial introduction. Occasionally, technical bugs may lead to
serious setbacks some time after commercial launch. Some expensive
and well-known examples are the Comet jet airliner and Du Pont's
Corfam. (Freeman p. 224)

3. MARKET UNCERTAINTY

Market uncertainty has to do with the market for the innovation be-
ing introduced. The questions involve how great the demand will be for
the new product as reflected in sales and sales growth, and how the
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innovation will affect the innovating firm's competitive position. Mar-
ket uncertainty is, of course, closely tied to technical uncertainty. If
the product cannot be manufactured at a low enough cost, perhaps
because of engineering design, the price that will have to be charged
may reduce sales below an acceptable level. If the innovation is com-
pletely new, there may be no competing products and the uncertainty
may be whether sufficient demand exists or can be created. Market un-
certainty was the most important barrier to innovation perceived by
industry, according to a 1973 study by A. D. Little. This may be due
to the fact that market uncertainty is the area about which top manage-
ment will likely have the greatest interest and knowledge.

4. POLICY UNCERTAINTY

Another source of uncertainty in innovation is Government policy.
Recently industrial leaders, for example, have been complaining that
one of the most difficult aspects of government regulation with which
they must deal is the uncertainty about what new regulations may be
promulgated in the future, what the standards will be, and how
thoroughly they will be enforced. This is particularly problematic in
times of rapid change in policy.

B. Innovation as a Process of Uncertainty Reduction

Innovation may be regarded as a process of uncertainty reduction.
Uncertainty tends to be highest at the basic research end of the spec-
trum of innovation activity. Each succeeding stage produces informa-
tion that allows the firm to estimate more accurately the project's tech-
nical and economic potential. Nelson, Peck, and Kalachek described
this strategy:

... the typical R&D strategy of the business firm is to avoid major financial
commitments to untried ideas; rather, it seeks to obtain knowledge and thus to
reduce the uncertainty surrounding the idea by investing relatively small sums
in additional research. At each stage in the processs, the company spends money
to generate the knowledge necessary for deciding whether to proceed or re-
trench. As the idea proceeds from design concept to laboratory experimentation
to prototype construction to production of limited batches, the investment be-
comes larger, and is undertaken only if the evidence increasingly points to the
probability of profitable production. (p. 174)

Private industry may tend to be more conservative than Government
in decisions to proceed with innovation. Often major developments in
military R&D are initiated while considerable uncertainties still re-
main. Consequently, early estimates of cost and value are notoriously
inaccurate. In commercial developments there appear to be fewer such
examples, perhaps because decisions to go ahead with development
are made more conservatively. (Ibid., p. 93) This may also be due to
private sector reluctance to release data on its big fiascos.

Rosenberg attributed much of American success in high technology
areas to conservative commercial judgment. He argued:

There is a fundamental difference between technological success and commercial
success. Indeed, I believe that America's success in the high technology area has
been due in no small measure to the exercise, by private industry, of a shrewd
commercial judgment concerning adoption decisions-i.e., deciding when a new
technology has reached the point of commercial feasibility and profitability. (1976,
p. 32)
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Although R&D may help reduce uncertainty about the technology,
some uncertainty remains throughout the process and even after the
product has been introduced to the market. Although R&D and pilot
operations can demonstrate technical feasibility, the cost estimates they
provide may not be accurate. The demand for the product and the uses
to which customers will put it are often extremely difficult to predict.
The only way to resolve these uncertainties is through trial production
and market test. Potential users may be experimenting with the new
product in this early use period. This provides feedback to management
and engineers, who may redesign the product or alter operations. Thus,
even the early use period may be viewed as an exploratory learning
experience, rather than as a long-term committal. (Nelson, Peck, and
Kalachek, p. 96)

Success in the market is frequently regarded as the real test of the
innovation process. As a process of uncertainty reduction, however,
this "weeding out" serves a useful function if it reveals, before the ex-
penditure of large sums of money, that the concept is technically un-
feasible or economically unattractive. Nelson, Peck, and Kalachek
noted:

Many writers have commented on the apparent waste in the technological
change process: a large number of projects never result in anything useful, dupli-
cation of effort is involved in competitive and parallel approaches when only one
solution is needed, many people and organizations resist new technology.

Yet sequential decisionmaking in situations of great uncertainty which can be
reduced, either by small-scale efforts or by waiting, is rational both from the
point of view of individuals and the economy as a whole. If waste is involved in
duplicate efforts, it is also involved in commitment too early to an inferior ap-
proach. If there are economic costs of delay in accepting superior technology,
there also are costs in accepting new technology that turns out to be uneconomic.
(pp. 108-109)

This is not to say that the number of failures can not profitably be
reduced through better management and market research.

C. Difflculty of Prediction

A key aspect of the uncertainty in the innovation process is the in-
ability to predict factors needed to make decisions on whether to pursue
an innovation project.

1. PREDICTING TECHNICAL FACTORS

Although both technical and market success are difficult to predict,
it is widely agreed that it is easier to predict the former than the latter,
Mansfield has researched the predictions of technical completion made
by firms. His findings indicate that both the cost and the time required
to complete R&D projects tend to be underestimated beforehand and
the degree of underestimation tends to increase with the degree of
technological advance involved in the project. His work shows that
substantial overruns occur with respect to cost and time in civilian as
well as in military work. Freeman has commented upon Mansfield's
findings:

[ . .[the] estimating errors cannot be attributed to inexperience, as the
firms which he investigated had long experience of project estimation and
innovation, and were among the leading R. & D. performers in the U.S. in-
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dustry. The results do, however, suggest that there is some trade-off between
cost and time as the average overrun in military projects was much greater
with respect to cost than time, whilst the opposite was true of civil projects,
both in the USA and the UK. (p. 229)

There is also a notable bias toward optimism in technical predic-
tion. For many of the important innovations studied by Freeman, the
development time was much longer than anticipated and the de-
velopment costs were frequently much higher. It is possible that sci-
entists and engineers consciously bias their estimates in an optimistic
fashion to secure corporate support for the project. Mansfield's in-
terviews indicated that this indeed occurs. A study by Thomas in
1970 also found that estimates were consciously biased optimistically
to make projects look attractive to the firm. The rationale was that
potentially valuable projects otherwise would not survive inflexible
evaluative criteria. (Freeman, p. 231)

2. PREDICTING MARKET FACTORS

It is widely agreed that market factors such as market size, sales,
and profits are difficult to predict. In fact the early estimates of future
markets for many major innovations have been "wildly inaccurate."
According to Freeman:

. . .Almost every major innovation in [the electronics industry and in syn-
thetic materials] was hopelessly underestimated in its early stages, including
polyethylene, PVC [polyvinylchloride] and synthetic rubber in the materials
field, and the computer, the transistor and numerical control in electronics....
But there are also examples of gross overoptimism, for example in relation to
the fuel cell, the airship, "Ardil" (the synthetic fibre), and the IBM "STRETCH"
computer. (pp. 233-234)

Beardsley and Mansfield recently published a study of the ac-
curacy of industrial forecasts of the profitability of innovations,
based on the records of a large firm for the years 1960-1964. They
found large forecasting errors for both new products and processes.
Moreover, it took four or five years after the development of the
innovation for the firm to be able to estimate reasonably well the
profits that were ultimately obtained. The firm tended to under-
estimate the profitability of very profitable innovations and to over-
estimate the profitability of relatively unprofitable innovations. On
the average, the firm underestimated the profitability of innovations.
Despite its limitations, the study underscores the inherent uncertainty
involved in estimating the profitability of innovation.

Why are market factors so difficult to predict? A firm's decision to
market an improved product will depend upon additional sales antici-
pated, among other things. Whether the additional sales materialize
will depend upon how customers react to the improved product and
the actions competitors take. Although modern marketing has made
much progress, relatively little remains known about the behavior of
customers in the acceptance of innovations (Robertson, p. 21), and
economic theory is unable to predict the reactions of oligopolistic
competitors in the face of innovation. Nor can trends in legislation
that may affect new products be safely predicted. The prediction of
future sales revenue and possible profit depends not only on forecast-
ing total quantity which can be sold, but also on forecasting future
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costs of production and price levels. Moreover, the market launch
and growth of sales may be spread over 20 years and a great many
things can change during this time. (Freeman, p. 232) Thus, the great
number of complexly interacting factors that need to be taken into
account and the lengthy periods of time involved make prediction of
market factors for innovative products difficult.

D. Effects on Innovation Dec-isioniaking

The great uncertainty surrounding technical and market aspects of
the innovation process explains much of the character of decision-
making for innovation within the firm. Although actual decision
processes and techniques vary from firm to firm and from industry
to industry, there are some common characteristics, which will be dis-
cussed here. This discussion pertains primarily to the generation
phases of innovation-e.g., R&D, pilot plant and commercialization-
but applies generally to adoption decisionmaking as owell.

Economists have tended to view innovation decisionmaking in an
idealized manner, where the. decisionmaker calculates:

(1) The probable costs of development, production, launch, and
use or marketing of the innovation and the approximate timing of
these expenditures;

(2) The probable future income stream arising from the sale or use
of the innovation and its timing; and

(3) The probability of success, technically and commercially.
(Freeman, p. 227)
The profits from the innovation are calculated as an expected value
or a rate of return to the investment in the innovation project, dis-
counted for the time required to obtain the profits. The discounted
value or rate of return is then compared to that for other investments
the firm may make. The firm chooses the investment with the highest
discounted value or rate of return.

Empirical research on innovation decisionmaking in industrial
firms, although limited, does not support the idealized view. This is
largely because the estimates of costs, income, and probability of suc-
cess are often wrong, especially in more innovative projects and in the
early stages of innovation. Innovation decisionmaking in the industrial
firm appears to be sequential, to involve multiple evaluative criteria,
and to be largely governed by '"rules of thumb" rather than precise
calculations of risk and reward. Freeman characterized it as "groping
and experimental." He continued:

The firm attempts to use R&D and other scientific and technical services toreduce the uncertainty which confronts it. But the nature of R&D is such thattechnical and market uncertainties remain despite its best efforts. Some typesof R&D may indeed increase the uncertainty. Consequently, a high degree ofinstability will remain and decisionmaking in the firm will continue to resemble
a process of "muddling through" rather than the ordered, rational calculation
beloved of neoclassical theory. (p. 40)
To some extent the "rules of thumb" and "muddling through" 'may be
regarded as approximations to economic rationality.

Empirical studies reviewed by Clarke suggest that decisonmaking
tends to be sequential and that, although the same criteria tend to be
used in all phases of project evaluation, the weights attached to them
vary as the innovation progresses. As the potential magnitude of a
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project becomes larger, the organizational level of the decisionmakers
goes up and there is a resultant shift in emphasis towards economic
criteria. Thus, market potential would have a low weighting in deci-
sions on exporatory research and a high rating in decisions for pilot
plant. On the other hand, the chance of technical success would have
a high rating in early stages and presumably would be of less concern
as more technical uncertainty is removed. (p. 18) Exploratory projects
may be decided upon by the researcher and his or her supervisor on
the basis of chance of technical success. Decisions later in the innova-
tion process involve large expenditures and require decisions by top
management with information from the marketing, financial, manu.
facturing, and R&D departments.

Although most firms report using some quantitative criteria for
project selection and evaluation, there is little use of the available for-
mal mathematical models. Moreover, it appears that industrial people
do not take the quantitative estimates of expected value or rate of re-
turn very seriously. Firms say this is because present models do not
sufficiently take into account the sequential nature of decisionmaking
in innovative activities, the uncertainties, involved, the multiple cri-
teria needed to evaluate R&D, and the lack of sophistication of many
managers in the use of models. (Clarke)

A survey of 27 large companies provided some evidence that in-
creasingly sophisticated project evaluation techniques are employed
as the innovation project progresses. For exploratory research the se-
lection process was found to be generally simple and unsophisticated,
while for high risk business development, project evaluation was char-
acterized by limited use of more sophisticated and quantitative selec-
tion techniques such as standard economic projections. (Clarke, p. 12)
Discounted cash flow calculation is one of the methods used. (Freeman,
p. 238)

Freeman hypothesized that rules of thumb and discounted cash flow
methods are biased toward short-term payback iand probably discour-
age the more radical type of innovation, which would find more favor
either in a fairly sophisticated selection system or without any formal
system. Mansfield's recent work seems to indicate a conservative bias
in quantitative selection methods. (1977, p. 198) This is supported by
a recent finding that R&D project selection methods of a formal, quan-
titative nature reduce the tendency to perform basic research. (Nason
et al., p. 28)

Much innovation decisionmaking ifivolves the evaluation of individ-
ual projects within the constraints of a total R&D budget. The total
R&D budget may be determined as a percentage of sales or on the basis
of a variety of other factors, including: historical patterns in the firm
and its industry, the cash flow available, the amount needed to defend
existing business; and the mood of the chief executive officer and his
level of confidence in the chief of R&D. With resepet to individual
project selection, most firms use some kind of portfolio approach-
where high risk, high return projects are balanced with low risk, low
return projects. Freeman points out:

By thinking in terms of a portfolio rather than a project it is possible to select
a blend of "safe" and "high risk" projects, so that the more long-term and radical
advances are not ignored as they would tend to be if selection were based en-
tirely on a scoring system or rate of return system. (p. 242)
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Research by Mansfield on innovation decisionmaking in a large in-
dustrial laboratory indicated that innovation expenditures were in fact
approached to a considerable extent as a portfolio of investments of
varying degrees of risk and potential payoff.

Gold has recently suggested some additional notes of realism for the
study of innovation decisionmaking. He pointed out that although
profit is widely accepted as the primary incentive to innovate, this is
actually an oversimplification. To understand firm decisionmaking for
innovation, one must consider the context of the firm's internal deci-
sionmaking environment and the broader business and public policy
environments. Profit is one objective of the firm; other objectives may
include survival, meeting governmental regulatory standards, meeiting
foreign competition, entering new markets, keeping old markets, and
reducing reliance on increasingly expensive materials. The importance
of any objective or need varies from time to time, and the analyst must
be aware of the urgent problems facing a firm or industry at a given
time. Innovation may not be a solution to the urgent problems facing
the firm at that time.

Moreover, innovation is just one means of meeting a firm's objectives.
In investment decisions, the net benefits from innovation are compared
with those of alternative investments. When interest rates and infla-
tion are high, the future benefits of innovation are heavily discounted
and investments in ordinary stocks and bonds, acquisitions, or real
estate may be preferred. The uncertainty of innovation means it is not
known whether the innovation will indeed meet firm objectives, and
non-innovation investments may be preferred because their benefits
are easier to predict. That is, the firm may apply a high rate of dis-
count for risk and uncertainty.

Innovation decisionmaking in the industrial firm appears to be
much less "neat" than suggested by neoclassical economic theory.
Rather than making precise calculations of costs and benefits, the firm
appears to proceed incrementally and experimentally, trying to inte-
grate its R&D program with perceived market opportunities and
requirements. Although skill and good management are certainly re-
lated to success there is also an important element of chance. And it
should be kept in mind that uncertainty gives rise to controversy and
any calculations produced in the decisionmaking process may in real-
ity be rationalizations for positions taken on the basis of a gut feeling.
Keynes pointed'out that if we waited for sure answers to all our ques-
tions, we would never risk undertaking an innovative project.

E. Effects on Innovative Activity

Because uncertainty tends to increase with the magnitude of tech-
nological change sought and the length of time necessary, much of
industry's innovative activity is focused on relatively small advances
of a short-term, low-risk nature. Uncertainty gives the firm an incen-
tive not to undertake radical product innovations, but rather to focus
on incremental, defensive, imitative, product differentiation and proc-
ess innovation. And in fact, outside defense and space-related R&D,
which is largely funded by the government, and possibly some seg-
ments of the civilian electronics and chemical industries, most corpo-
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rate R&D is modest design improvement work, involving relatively
short time frames.

Industrial R&D expenditures in Great Britain were found to be con-
centrated on the less uncertain types of projects. (Freeman, p. 243)
Moreover, relatively few firms perform basic research, which is highly
uncertain, and it accounted for less than 4 percent of industrially
funded R&D in the United States in 1977. Science Indicators 1976 re-
ported that, of a sample of 277 major innovations introduced into the
U.S. commercial market during the period 1953-1973, the largest per-
centage was rated as technological improvement (38 percent), fol-
lowed by major technological shifts (28 percent), and radical break-
throughs (26 percent). (p. 111) (It should be noted that a study of
major innovations would likely be biased toward major changes.) A
study of a thousand new product announcements in Great Britain
found that only 18 percent of them could be described as new products
that involved technical change and were developed in the United
Kingdom. Further, about half of those so classified were actually
modifications of existing products of the company. (Freeman, p. 244)
The impression that industry tends to invest in relatively safe, short-
term innovation projects is also supported by the work of Hamberg,
Mansfield, and others.

Nelson, Peck, and Kalachek described how risk and uncertainty fac-
tors lead to conservatism in the types of innovation projects under-
taken:

Expected R&D costs and risks are largely dependent on the magnitude of the
advance sought. In many cases a relatively secure competitive position can be held
with a product possessing only a relatively small performance or cost advantage
over that of a competitor. Clearly there are strong incentives for doing enough
R&D to maintain technical parity or a slight advantage over the competition: it
may spell the difference between long-run survival and going out of business. How-
ever, the additional returns from a far-reaching R&D project may not be viewed
by a cautious businessman as being worth the added uncertainties and costs, even
though its success might place the firm far ahead of its competition. (p. 86)

There is some debate on whether innovation requires great risktak-
ing on the part of industrial firms. Many claim that it is necessary for
firms to be willing to undertake great risk for radical innovations to be
forthcoming. They point to a decline in the risktaking propensity of
American firms as a cause for the alleged decline in U.S. industrial
innovation. Others argue that innovation does not proceed by taking
great risks but is rather a process of recognizing a potential match
between market need and technological opportunity and attempting to
forge a match while reducing uncertainty and committing the smallest
amount of capital possible. Possibly the source of the difference of
opinion is that low risktaking is "normal" behavior, while high risk-
taking is regarded by some as desirable. (Klein, p. 188) However, even
if a firm undertakes a risky project it may attempt to reduce the risk to
the minimum possible.

If it is desired to induce industry to undertake high-risk innovation
projects, it would be helpful to know the conditions under which indus-
try is willing to do so. Freeman argued that the acceptance of a high
level of uncertainty in innovation tends to be confined to the following
categories:

1. A few small-firm innovators who are ready to make a big gamble, or who are
impelled to do so by some threat to their existence.
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2. Large-firm innovators who use careful project selection methods but who can
afford to adopt a "portfolio" approach to their R&D, offsetting a few very uncer-
tain investments against a large number of "mediocre" projects. The size of the
very uncertain investments will not usually be such that failure would threaten
the continued existence of the firm.

3. Large-firm innovators who are not closely controlled by any formal project
selection system and who are able to use corporate resources with a good deal of
freedom, and hence impose their subjective estimates or preferences upon the
organization.

4. Large- and small-firm innovators who unwittingly accept a very high degree
of uncertainty, through "animal spirits," because the enthusiasm of inventors,
entrepreneurs, or "product" champions leads them on. In some cases (probably
the majority) they may not bother to make any sophisticated calculations of the
probable return on the investment. In others they may accept grossly overoptimis-
tic, subjective estimates of the probable outcome.

5. Government-sponsored innovators who accept high risks because of urgent
national needs (usually war, or threat of war) or a deliberate national science
policy strategy, which creates an assured and profitable market in the event of
success.

6. Government-sponsored innovators who accept grossly overoptimistic esti-
mates of future returns for other reasons, where failure does not pose a serious
threat to the decisionmakers. (pp. 237-238)
Thus, it seems that a high level of uncertainty is accepted only when
the firm is forced to, can afford to, or does so unwittingly.

The incremental innovations on which industry focuses are sources
of major economic benefits to the firm. This was documented in de-
tailed fashion by Hollander in his study of the role of major and
minor technological changes in creating productivity increases in
Du Pont rayon plants. A study by Enos of petroleum refining reached
similar conclusions.

In technological innovation, except perhaps for accidental discov-
eries, the risks tend to be commensurate with the potential payoffs.
Major advances tend to entail high risk of failure but high payoff
if successful. Minor advances tend to entail less risk, but also less
payoff. Hollander found that in Du Pont rayon plants minor technical
changes were relatively easy to accomplish, usually required small
investment, and individually resulted in small cost reductions. Major
technical changes were relatively difficult to accomplish, required sig-
nificant investment, and usually resulted in significant benefits.

Whether a firm chooses a major advance over a minor advance may
depend on whether its overall strategy is merely one of corporate sur-
vival or one of corporate preeminence. Minor innovation is a form of
insurance against the firm's technology being made obsolete by chang-
ing technology and the efforts of competitors. This is the strategy
chosen by most firms. Freeman discussed six alternative strategies:
offensive, defensive, imitative, dependent, traditional, and opportunist.

Offensive.-An "offensive" innovation strategy is one designed to achieve
technical and market leadership by being ahead of competitors in the introduc-
tion of new products. . . . [It involves heavy R&D spending.] Only a small
minority of firms in any country are willing to follow an "offensive" innovation
strategy, and even these are seldom able to do so consistently over a long period.

Defensive.-A "defensive" policy may be just as research-intensive as an "offen-
sive" policy. The difference lies in the nature and timing of innovations. The
"defensive" innovator does not wish to be the first in the world, but neither
does he wish to be left behind by the tide of technical change.

Imitative.-The "imitative" firm does not aspire to "leap-frogging" or even to
"keeping up with the game." It is content to follow way behind the leaders
in established technologies, often a long way behind.



216

Dependent.-A "dependent" strategy involves the acceptance of an essentiallysatellite or subordinate role in relation to other stronger firms. The "dependent"firm does not attempt to initiate or even to imitate technical changes in itsproduct, except as a result of specific requests from its customer or its parent.Traditional.-The product supplied by the "traditional" firm changes little,if at all. . . . The "traditional" firm sees no reason to change its productbecause the market does not demand a change, and the competition does not
compel It to do so.

Opportunist.-There is always the possibility that an entrepreneur will identifysome new opportunity in the rapidly changing market, which may not requireany in-house R&D, or complex design, but will enable him to prosper by findingan important "niche," and providing a product or service which consumers need,
but nobody else has thought to provide. (pp. 258-277)

The fact that firms may choose alternative innovation strategies
implies that one cannot explain firm behavior solely in terms of
response to market forces. Technology is just as much a part of the
firm's environment as the market, and the firm's responses to changes
in technology cannot be reduced to reaction to market forces. More-
over, the choice of innovation strategy may represent, in large part,
the personal views or values held by corporate officials.

F. Success and Failure in Innovation

The preceding discussion should make it clear that there are no
guidelines that guarantee success in an innovative undertaking. A
body of research has attempted to determine those factors that distin-
guish successful innovation projects from the failures; unfortunately
this research literature has a number of shortcomings. For one thing,
the criteria for success often differ. Technical success is different from
commercial success. For another, most research has concentrated on
successful projects without looking at failures, making it likely that
many of the factors found to be associated with successful projects
(such as top management support) may also be associated with failure.
Nonetheless, it is possible to make some general statements about the
kinds of factors that seem to distinguish successes from failures.

The best-known study of successful and unsuccessful innovations
was Project SAPPHO, which compared pairs of similar innovations,
one of which was a commercial success (had obtained a worthwhile
market share and profit) and the other not. The innovations were
selected on an international basis from the chemical process industries
and the scientific instruments industry. The main finding was that no
single factor can by itself explain the difference between success and
failure. Analysis revealed five underlying areas of difference between
successful and unsuccessful innovation:

(1) Succe;8ful innovators were seen to have a much better understanding ofuser needs. They may acquire this superiority In a variety of different ways.Some may collaborate intimately with potential customers to acquire the neces-sary knowledge of user requirements. Others may use thorough market studies.However acquired, this imaginative understanding Is one of the hallmarks ofsuccess. Conversely failures often Ignore users' requirements or even disregard
their views.

(2) Successful innovators pay much more attention to marketing. Failureswere sometimes characterized by neglect of market research, publicity and user
education, and the failure to anticipate customer problems.(3) Successful innovators perform their development work more efficientlythan failures, but not necessarily more quickly. They eliminate technical defects
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from the product or process before they launch it. They usually employ a larger
development team on the project, and spend more money on it. This applies even
where the successful firm is smaller.

(4) Successful innovators make more effective use of outside technology and
scientifio advice, even though they perform more of the work in house. They have
better contacts with the scientific community not in general but in the specific
area concerned.

(5) The responsible individuals in the successful attempts are usually more
senior and have greater authority than their counterparts who fail. In the instru-
ment industry they have more diverse experience, often including experience
abroad. The greater power of the individual innovators in the successful at-
tempts facilitates the concentration of effort on the scale which is needed as well
as the integration of R&D and marketing. (Science Policy Research Units, p. 5)

The importance of market awareness and marketing effort to inno-
vation success has been commented upon by many researchers. (See for
example, Schon.) Pavitt and Walker noted that most innovation
studies have found successful innovation to be associated with atten-
tion to, or accurate estimation of, potential markets, but the studies
are inconsistent on whether the use of formal project selection proce-
dures and successful prediction of project outcomes are associated
with successful innovation. (p. 26) Prediction of size of potential mar-
ket is very difficult, as pointed out earlier.

Successful innovation seems to depend on how well the firm com-
bines technical with market knowledge, Mansfield has recently noted:

Judging from the results of past research, successful innovation depends in
an important way on R & D being integrated with marketing. The R & D per-
sonnel must be able and willing to respond to the marketing personnel's needs,
and marketing personnel should be involved in R&D project selection. In con-
trast, the R & D personnel in some firms have been quite remote at times from
the marketing personnel, and have marched to the beat of quite a different drum-
mer, the result being that the R&D output has been more poorly mated
with market conditions that would otherwise have been the case. (1977, p. 33)
Marketing seems to be especially important for product innovations.
For process innovations, the relevant users may be within the firm,
i.e., the production department.

Von Hippel (1976) has recently done research showing the need
for the innovation supplier and user to work closely together. In some
industries, such as scientific instruments, the users of the innovation
are often the source of the idea, which is then developed and manu-
factured by the supplying firm. Exploratory work by Souder describ-
ing the mechanisms used by firms to manage the interaction between
R&D and marketing functions has shown that there does not ap-
pear to be a single best mechanism, but rather that the most effective
mechanism depends on the nature of the technology, the nature of
the markets, and the existing climate between R&D and marketing.
(P. 9)

IV. INDUSTRIAL ORGANIZATION AND TECHNOLOGICAL INNOVATION

Technological innovation is a major component of industrial com-
petition. The introduction of a better-performing product by a com-
petitor may have drastic effects on the sales of other firms. For
instance, upon the introduction of American Cyanamid's Achromycin
tetracycline in 1953, sales of Aureomycin chlortetracycline, which
had been increasing since late 1948, dropped by nearly 40 percent
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during the first full year. (Mansfield, 1968 A, p. 7) Schumpeter, writ-
ing in 1942, stressed the importance of technological competition
over ordinary competition which operates within fixed conditions
of technology. Technological competition, he said:

. . .strikes not at the margins of the profits, and the outputs of existing
firms, but at their very lives. This kind of competition is as much more effec-
tive than the other as a bombardment is in comparison with forcing a door,
and so much more important that it becomes a matter of comparative indiffer-
ence whether competition in the ordinary sense functions more or less
promptly . . . (Quoted in Freeman, p. 159)

Much research in this area has centered around the so-called Schum-
peterian hypothesis which, as restated by Kamien and Schwartz, is
that "an industry composed of large firms with a degree of monop-
oly power in pricing would, through the market system, allocate re-
sources more efficiently in the long run than any alternative institu-
tional arrangement." (p. 24) There have been some differences in
the interpretation of the hypothesis. The Kamien and Schwartz in-
terpretation seems to indicate that market structure (oligopoly)
leads to increased innovation. Nelson and Winter, on the other hand,
interpreted Schumpeter's argument to concern transient monopoly
as a consequence of, and lure for, innovation, not monopoly as a stimu-
lus for innovation. (p. 70)

A significant innovation can give one firm a major advantage over
others. Thus, as in aviation and computers, where firms can grow rap-
idly and there are few limits on firm size, and where imitation is
difficult, monopoly structures may develop out of the innovation proc-
ess itself.

Kamien and Schwartz pointed out:
Large size and monopoly power were regarded as complementary attributes

(in the Schumpeterian hypothesis], the former influencing the breadth of the
market for the innovation and the latter Its duration. Subsidiary hypotheses in-
cluded the suppositions that large diversified firms would undertake more re-
search than small single product firms and that large monopolistic firms would
attract the best innovative talent. These hypotheses, supported with anecdotes
by their originators, were vague regarding the definitions of firm size, monopoly
power, and inventive activity. This lack of specificity has led to a wide range
of interpretations of the hypotheses and disagreement about the relevant em-
pirical tests. (p. 24)

Subsequent research has focused on firm size, industrial concentration,
market entry, and diversification. The findings in regard to the rela-
tionships between the above variables and innovation have not been
conclusive, leading some researchers to believe that the relationships
have not yet been properly conceptualized.

A. Firn Size and Innovation

The research on the relationship between firm size and technological
innovation has typically measured innovation in one of three ways:
R&D expenditures; patents; and counts of major innovations. Re-
search and development expenditures are an unsatisfactory measure
of innovation because they measure inputs, rather than the firm's abil-
ity to convert R&D inputs into successful innovations. Moreover, R&D
expenditures may represent a minor portion of total innovation costs,
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depending on the industry. On the other hand, data on industrial R&D
expenditures are readily available.

Patents also have a number of drawbacks as measures of innovation.
They indicate the existence of an invention, which may not be com-
mercialized, and not all inventions are patentable. Moreover, most pat-
ent studies do not weigh patents to account for the differences in degree
of technological advance or economic significance. There is some evi-
dence that small firms rely more heavily on patent protection than large
firms, which would bias this measure in favor of small firms. On the
other hand, small firms may not be able to afford to patent as much as
large firms.

Studies based on counts of innovations generally depend on a rela-
tively small and less reliable data base than the other studies. Data on
innovations are not collected in a regular and consistent manner. Thus,
studies based on number of innovations, while inherently more satisfy-
ing, are likely to be based on unrepresentative data and hence are less
capable of generalization.

Firm size has typically been measured by size of employment, sales,
or R&D program. There has not been a consistent definition of "small,"
"medium," and "large" firms.

This section of the paper will review research on the relationship be-
tween firm size and R&D, then firm size and inventions, and finally
firm size and number of innovations. But first it would be helpful to
review the arguments in favor of, and against, a predominant role for
large firms in technological innovation. Mansfield summarized some
of the reasons given for a predominant large firm role:

... a large firm can finance R and D more easily, it can afford bigger projects,
the results of R and D are more likely to be useful because of its [the firm's]
greater diversity, it can wait longer for the pay-off, and it can capture a larger
portion of the social gains from its research because it has a larger share of the
market. (1968 A, p. 93)

R&D often involves economies of scale that only large firms can effi-
ciently exploit and large firms have the option of acquiring new tech-
nological expertise by buying a small firm with existing capability in
an unfamiliar area. (Staples, et. al., p. 71) Some argue that large firms
have a greater willingness to take chances.

On the other hand, there are arguments against a predominant in-
novation role for large firms. These have been summarized by Staples
et al.:

Those who deny that the large firm is primarily responsible for technological
advance point to its organizational characteristics and note that they present
serious barriers to the effective employment of the large firm's resources to R&D.
They maintain that the long chain of command inherent in a large firm will pro-
duce a natural bias against imaginative R&D projects and will reduce the firm's
risk-taking propensities. [footnote omitted] In addition, corporate policy direc-
tives which are used to control the routine aspects of other activities of the large
firm are not particularly suited to R&D. Therefore the cost of maintaining infor-
mation flows and coordinating and controlling R&D activities will be great in the
large firm. [footnote omitted] It is finally argued that because R&D is over-
structured in large firms, creativity will be reduced or driven out. [footnote
omitted] Thus small firms, unhampered by organizational restrictions and many
times under the direction of a creative refugee from the large lab, are more likely
to be the source of more revolutionary innovations, while large firms will be
geared to more incremental types of innovations. [footnote omitted] (p. 71)

56-367 0 - 81.- 15
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1. FIRM SIZE AND R&D

Research and development activities are heavily concentrated in
large firms. Most small firms perform no formal, organized R&D at all.
In the United States, France, Britain and most other countries, the
proportion of small firms (defined as fewer than 200 employees) per-
forming R&D is less than 5 percent. (Freeman) The strength of rela-
tionships between R&D expenditures and firm size seems to depend on
whether all firms are included or just those firms that perform R&D,
becoming stronger when all firms are included. Among those firms that
do perform R&D, there is a significant correlation between firm size
(in terms of employment) and R&D expenditures in most industries.

The degree of concentration by size of R&D program is even more
marked than by size of firm (classified by total employment). In 1975
the R&D expenditures in the 40 largest U.S. industrial R&D programs
were approximately equivalent to those of the 116 largest firms, each
accounting for about 70 percent of the total. (National Science Foun-
dation, 1977 (C), pp. 6, 41) Federally funded industrial R&D is even
more concentrated. Despite the high concentration of R&D there are
some large firms that perform relatively little R&D (see "R&D Spend-
ing at 683 Companies") and some small firms which perform a good
deal.

With respect to company-funded R&D expenditures relative to sales
(commonly called R&D intensity), in most industries the correlation
between R&D intensity and firm size is relatively weak and in some
cases is apparently inverse. Research by Mansfield, Scherer, Freeman,
Markham, and others seems to indicate that, except for the chemical
industry, the largest firms in an industry do not spend more on R&D,
relatively to sales, than do somewhat smaller firms that perform R&D.
There is some evidence that R&D intensity increases with firm size up
to some intermediate level, which varies from industry to industry,
and then diminishes with size above that level. For example, Mansfield
found that in the petroleum, drug, and glass industries, the largest
firms spent significantly less on R&D relative to their sales, than
smaller firms. When total R&D funding is considered, Federal con-
tracts seem to account for the greater R&D intensity of large firms.
(Freeman, p. 203)

Kamien and Schwartz summarized the findings of a literature review
with respect to the relation between firm size and the efficiency of R&D
performance:

Studies have consistently found actual R&D to be done more efficiently In
small or medium size firms than in large firms; it has been estimated that any
given project would cost three to ten times as much to develop by a large firm
as by a small one. Beyond a certain not very large size, increasing firm size
tends to be accompanied by a reduction in patented output per R&D dollar, a
reduction in the portion of patented inventions that are commercially employed,
and decline in the number of significant inventions per R&D dollar. (p. 23)

Science Indicators 1976 found, on the basis of a sample of major
innovations introduced to the market between 1953 and 1973, that small
firms (up to 1,000 employees) produced about four times as many
innovations per R&D dollar as medium-sized firms (1,000 to 10,000
employees) and about 24 times as many as large firms (over 10,000
employees). (p. 82). These data are weakened by methodological prob-
lems, however.
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Freeman postulated some reasons that small and medium-size firms
may undertake R&D as a way of explaining weak correlations and
inter-industry variation. He hypothesized that the few small firms and
many of the medium sized firms that perform R&D tend to fall into
three categories:

1. Firms which have just begun to develop or exploit a new Invention. In this
case sales could be relatively low in relation to R&D and a very high research-
intensity could be expected. This might tend to fall in the event of successful
commercial exploitation of the innovation and growth of the firm and its sales.

2. Highly specialized firms which have a particular expertise, sustained by an
intensive research programme in a very narrow field. Here too, research-intensity
might often be high.

3. Firms struggling to survive in industries in which new product competition
makes R&D increasingly necessary. A very varied management response might
be expected in these circumstances, with some firms trying to scrape by with
a sub-threshold R&D effort, others relying mainly on cooperative research,
and still others taking high risks with an ambitious programme. (pp. 202-203)

Thus, although most R&D expenditures are concentrated in large
firms, company-funded R&D expenditures relative to sales within in-
dustries are not strongly correlated with firm size. Moreover, small
firms that perform R&D do so more efficiently than large firms, in
terms of innovations per R&D dollar.

2. FIRM SIZE AND INVENTION

Another branch of this research involves the study of the roles of
large and small firms in invention. (Invention, it will be recalled, is
an idea, sketch, or model for a new or improved product, process,
device, or system. Not until an invention is reduced to practice and
commercialized is it an innovation.) Jewkes et al. in a detailed study
of the sources of inventions, attempted to show that most major inven-
tions in the 20th century have been made outside the R&D programs
of large firms. Jewkes' analysis has been criticized on the grounds that
some important corporate inventions were omitted and that the contri-
bution of large firms to his list of inventions was weak before 1930 but
dominant thereafter. (Freeman, p. 208) Nonetheless, Jewkes and his
colleagues made a strong case for the view that small firms, private
inventors, and universities have made a disproportionately large con-
tribution to the more radical type of 20th century inventions.

Freeman's research confirmed the importance of universities, pri-
vate inventors, and small firms in invention. The relative performance
of large firms is apparently better with respect to innovations than
with respect to inventions, however, and their role in development
work (which is usually far more expensive) is much more important.
(p. 109) Small firms may have some comparative advantage in the
earlier stages of inventive work and the less expensive-but more radi-
cal-innovations, while large firms have an advantage in the later
stages and in improvement and scaling up of early breakthroughs.
(p. 209)

Jewkes et al. maintained that the private inventor still plays an
important role in invention. Although corporations are now account-
ing for a larger part of useful patents, they said, their part is probably
exaggerated by patent statistics. Other researchers, however, have
said that the role of the large firm tends to be underrepresented by
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patent statistics. It is well established that many major inventions
have originated in the laboratories of independent inventors. They
often have to turn their idea over to a larger organization, however,
that has the resources to develop and commercialize it. The prominence
of independent inventors today appears to vary by industry.

3. FIRM SIZE AND NUMBER OF INNOVATIONS

Other research has studied the relationship of firm size to the num-
ber of innovations produced. Large firms account for most innovations
as would be expected based on their large resources. Small firms
account for a small proportion of total innovations, but they contribute
more than proportionately to their share of employment or output. The
precise proportions would vary with definition of small and large.
Freeman's study of small (up to 199 employees), medium (200-999
employees) and large (more than 1,000 employees) firms in the United
Kingdom concluded that small firms contributed about 10 percent and
large firms about 80 percent. (p. 212)

Mansfield found that the four largest firms accounted for a dispro-
portionate share of major innovations relative to their market share in
the petroleum refining, bituminous coal, and railroading industries, but
they accounted for fewer in the iron and steel industry. He hypothe-
sized that the largest firms in an industry would do proportionately
more innovating under the following conditions:

. . . (1) the innovation requires a large investment relative to the size of the
potential users of the Innovation, (2) the minimum size of firm to which the
innovation would apply is large relative to the average size of firm in the industry,
and (3) the average size of the largest four firms in the relevant industry is
much greater than the average size of all firms which are potential users of the
innovation. (1968 A, p. 110)

He found that this theory accounted for much of the variation.
More recent research by Mansfield et al. on the chemical industry

found no evidence that the biggest chemical firms did any more inno-
vating, relative to their size, than somewhat smaller firms, in the case
of process innovations. But the biggest firm, Du Pont, was responsible
for the most product innovations relative to its size. Mansfield and
others concluded:

. . .Du Pont seems to be the only case encountered thus far where the biggest
firm in an industry has done the most innovating (relative to its size) -and even
in the case of Du Pont, this is true only for products, not processes. (1977, p.
204)

Mansfield hypothesized that one reason why the chemical industry is
the only case yet found where the largest firm does the most innovating
relative to its size is that innovations, particularly product innovations,
tend to be very expensive relative to the distribution of firm sizes in
that industry.

Kamien and Schwartz, on the basis of a literature survey, found
little support for the hypothesis that intensity of innovational activ-
ity increases with firm size. They found intensity to increase with
firm size until it was greatest for intermediate size firms. For larger
firms, innovation intensity appeared to be constant or declining with
firm size. (p. 24)
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The evidence from project SAPPHO suggested that between com-
petitive attempts to innovate, size does not affect who succeeds very
much. But since some innovations are too costly for small firms to at-
tempt, competition on those innovations will be limited to large
firms.

Freeman's research in Great Britain indicated that small firms
tended to make significant innovations in industries that do not re-
quire large-scale capital investment or large-scale R&D, such as ma-
hinery and instruments. In industries of high capital intensity or

large-scale R&D requirements, large firms tended to dominate and
small firms tended not to contribute innovations. Small firms also
contributed significantly to innovations in traditional industries such
as textiles, leather, and furniture.

4. SUMMARY

Research and development, invention, and innovation are not the
sole preserve of either large or small firms; they are carried on in
firms of all sizes. Although it is true that most small firms perform no
R&D or innovation, evidence suggests that small firms that perform
these activities do so more efficiently than large firms. Small firms and
independent inventors have been the sources of some of the most im-
portant inventions of this century. These inventions, however, have
often required the resources of large corporations to commercialize
them.

Large and small firms have different advantages with respect to the
performance of innovation. The advantage of large firms seems to
be their resource base in terms of finances and R&D facilities. The ad-
vantage of small firms seems to be their flexibility and ease of internal
communication. Small firms make significant contributions in the less
costly phases of innovation and in industries which are not especially
capital intensive or where innovation is not very expensive. Increas-
ing complexity of technology, cost of development, and rate of
change make it more difficult for small firms to innovate and compete.

The roles of small and large firms vary by industry. The largest
firms seem to do a disproportionate amount of innovating in those
industries in which innovation is extremely costly relative to the size
of the firms.

There is a tendency in most industries for larger firms to be more
R&D intensive than smaller firms. This is largely due to the majority
of small firms which perform no R&D at all, and the large concen-
tration of federally funded R&D in large firms. If these two influ-
ences are removed, the correlation between firm size and R&D inten-
sity is weak.

B. Indu8trial Concentration and Innovation

There has been much concern about the relationship between inno-
vation and the conditions of competition in industry. The usual meas-
ure of competition is a concentration ratio, the portion of industry
sales attributable to the four (or eight) largest firms in an industry.
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There are theoretical arguments for and against the hypothesis that
a high degree of concentration or monopoly power is conducive to
innovation in an industry. (Staples et al., p. 72) On the one hand, it is
argued that only firms with a high degree of monopoly power have
the financial resources necessary to undertake innovation. It is said
that an industry with many firms able to imitate innovations rapidly
reduces the prospective rewards to potential innovators, and slows the
rate of innovation. It is also asserted that highly concentrated indus-
tries exhibit less price competition and the resulting search for prod-
uct differentiation will stimulate R&D, although perhaps of a trivial
sort. On the other hand, it is argued that monopolistic market power
reduces competitive pressure, and thus reduces the pressure to inno-
vate. It is also maintained that the more rivals there are in an industry,
the larger the share of the market there is to be gained by innovating
first. The case is also made that, although they innovate slowly, domi-
nant firms are quick to imitate the innovations of rivals.

The empirical findings provide no consensus on the theoretical
arguments. According to Kamien and Schwartz:

High industry concentration has been alternatively found to be harmful,
neutral, and helpful to innovational activity. In most instances, it has been diffi-
cult to discern a strong statistical relationship between the variables employed.
There is a little evidence that an intermediate degree of rivalry may be most
conducive to innovation. (p. 24)

Pavitt and Walker argued that:
... the ideal degree of industrial concentration will vary from sector to sector,

indeed from product to product; it will depend on both the size of the potential
market and the costs of developing the innovation, and both these will vary
widely from case to case. (p. 37)

Concentration tends to be higher in R&D-intensive industries. Some
people argue that this high degree of concentration is one of the
reasons research-intensive industries are innovative. Others, however,
argue that it is because research-intensive industries are innovative
that they have become concentrated and not vice-versa. Successful
innovation in these industries results in the rapid growth of the inno-
vating firm. Hence, a high degree of concentration develops among the
consistently successful innovating firms. (Pavitt and Walker, p. 36)
The fact that innovating firms are frequently unsuccessful may pre-
vent the degree of concentration from becoming even higher.

In summary, no general or systematic relation has been found
between the degree of industrial concentration and industrial innova-
tion. Neither competition nor monopoly can be singled out as neces-
sarily encouraging to innovation. Innovation seems to be associated
with a balance of competitive risk and monopoly-power safety, the
nature of the balance required depending on the circumstances of the
industry. The causal connection between concentration and innovation
may run both ways. If that is the case, the relative strength of the two
directions may be the question.

C. Market Entry and Innovation

The entry of new firms into a market has been an important stimulus
to competition and innovation. Examples of entrants introducing inno-
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vations that established firms failed to develop or attempted to sup-
press are many: the incandescent lamp, the electric typewriter, radio,
the transistor radio, and cable television. (Gilpin, p. 42) In oligop-
olistic industries where patterns of firm conduct are well established,
the tendency may be not to innovate until an "outsider" firm seeks
entry.

There are generally barriers of varying degrees of severity to the
entry of new firms into an industry. These may take the form of capi-
tal requirements, regulatory exclusions or standards, or minimum
R&D level requirements. MacLaurin showed that in some cases the
dominant firms in an industry have used their power to try to exclude
new entrants, sometimes in cooperation with regulatory agencies.

Freeman has described the R&D barrier to entry as it exists in the
electronic capital goods industry. In that industry:

. . . [e]ntry is restricted by R&D capacity and by the need to provide
marketing and technical service facilities. Each firm which wishes to stay in
the business must be capable, if not of making a major innovation itself, at least
of imitating those made by its more advanced competitors within a short time.
To do this it must have a certain R&D capacity, even if it also makes use
of licensing and knowhow agreements....

In this situation every firm must have a minimum level of R&D work in
progress, sufficient to keep abreast of the technical changes in components, to
introduce a flow of improvements and to launch completely new models when
forced to do so by the competition. This minimum level of "defensive" research
and development may be termed the "threshold." It is an absolute level of re-
sources, not a ratio of sales.

Below this "threshold" level of R&D expenditure it will normally be im-
possible to develop new products with lead times short enough to survive. The
"threshold" is low for some types of electronic instruments, and many small firms
prosper in this part of the industry; indeed, because of their flexibility and speed
of reaction, they may have some competitive advantage over larger firms. It is
also fairly low for "minicomputers" but for more complex products, such as [main
frame] computers, communication satellites or electronic telephone exchanges,
the threshold is very high. (pp. 152-157)

With respect to the effect of market entry conditions on industrial
innovation, Kamien and Schwartz concluded that industrial R&D
effort may be strongest in industries with an intermediate technical
entry barrier, where rapid imitation is impeded, but entry has not been
effectively foreclosed. (p. 24)

D. Diver8ification and Innovation

Another element of industrial organization that has been studied
with regard to innovation is diversification. Staples et al. summarized
this research:

The effect of diversification is unclear, In spite of its Increasing Important (sic]
to business. It has been postulated that Increased diversification of a firm is
conducive to innovation, since there is a greater likelihood that research will
produce something of value to one of the firm's interests. The evidence Is again
inconclusive, resulting in positive, negative or no correlation, though there
is some evidence that high research intensity is associated with diversification
into similar industries. Diversification may be a factor in the inconsistencies
exhibited in most of the empirical studies in this area since "R&D expenditures In
terms of product areas, rather than Industries, are more indicative of the actual
composition and focus of national effort in industrial R&D." (footnotes omitted]
(p. 74)
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E. Spin-Off Firm8

Spinoff firms make significant contributions to technological change
in some industries. Freeman discussed the importance of spinoff firms
in the electronic components industry:

Diffusion of technical know-how does not simply depend on ability to pay. It
owes a great deal to personal contacts and discussion, or to the movement of
people-and here American firms enjoyed a major advantage. The Research Di-
rector of Texas Instruments came from Bell and so did other key personnel in
the American semiconductor industry.... Texas Instruments and other firms,
such as Fairchild and Motorola, have since made very important contributions
to the development of semiconducting devices, especially to manufacturing tech-
niques and to the development of integrated and monolithic circuits.... Golding
has documented In detail the great importance of the movement of key R&D
personnel in the development of the American semiconductor industry, Initially
from Bell and later from other firms, to establish new groups and enterprises,
(p. 146)

The formation of spinoff firms to exploit a new technical idea was
prominent in the 1960's and resulted in the concentration of small,
high-technology companies around Boston and San Francisco. Typi-
cally, a technical entrepreneur in a large firm or university saw an
opportunity to commercialize an idea and became dissatisfied by the
parent institution's lack of support. Such a person often formed his
own company to exploit the idea. One of the advantages of such firms
was the person-embodied technical knowledge transferred from the
parent institution.

F. Induetrial Life Cycle

The review of relationships between elements of market structure
and industrial innovation has shown it to be a very complex area.
There are important variations between R&D, invention, and innova-
tion; among industries; and among different elements of market struc-
ture. Many of the correlations are weak. Theories of industrial life
cycles and the cyclic nature of technological innovation may help
explain some of the variation.

The concept of the life cycle of an industry or an industrial tech-
nology is not new; Kuznets and Jerome described them in the 1930's.
It has been widely observed that young industries, such as the elec-
tronics industry, are frequently based on a new technology and exhibit
a high rate of innovation in their early years. In mature industries, on
the other hand, the rate of technological change has slowed and most
of the innovation that is undertaken by firms in the industry consists of
incremental, improvements on existing technology. Radical innovation
often comes from the entry of new firms into the industry or through
the innovations of other industries, such as the chemical industry in
the case of textiles. As an industry matures, the economic advantage
over sustained periods lies not in the rapid development of radically
new products or processes, but rather in minor improvement innova-
tions. Eventually, an entirely new product may result in the birth of
a new industry and the death of the old one. For example, the auto-
mobile was such an innovation, replacing or drastically changing pre-
vious industries centered around horse transportation.

Rosenberg described a cycle that occurs in the life of individual
innovations. He said:
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Major improvements in productivity often continue to come long after the
initial innovation as the Product goes through innumerable minor modifications
and alterations in design to meet the needs of specialized users. Widely used
products like the electric motor, the machine tool or the transistor experience a
proliferation of changes, as they are adapted to the varying range of needs of
ultimate users. . . . Such modifications are achieved by unspectacular design and
engineering activities, but they constitute the substance of much productivity
improvement and increased consumer well-being in industrial economies.

Much of the technological change which goes on in an advanced industrial
economy is, therefore, if not invisible, at least of a low visibility sort. It includes
a flow of rather prosaic improvements In such areas as materials handling, the
redesign of productive equipment and final products for greater convenience,
and measures which reduce maintenance and repair costs, as In modular ma-
chinery design.... The cumulative impact of these individually small changes
has ... been very substantial.... (1976. p 25)

The significance of the small, cumulative improvements as they
contribute to technological change and productivity was underlined in
studies by Hollander of Du Pont rayon plants and by Enos of petro-
leum refining. These studies found that the cumulative impact of the
minor improvements was equal to or greater than the effect of the
parent, major changes. However, the minor improvements eventually
exhausted themselves, and another major change was necessary for
further technological change and productivity improvements.

Similar models have been developed by Mueller and Tilton and by
Ablernathy and Utterback. These models argue that the relationship
between market structure and industrial innovation depends on the
stage of technological maturity in which a particular industry finds
itself. They postulate that an industry passes through different stages
as the technology that created it evolves. Both models are concisely
summarized by Staples et al.

In the Mueller and Tilton model, four stages are denoted: Innova-
tion; imitation; technological competition; and standardization. The
innovation stage begins with the invention of a new product or process
and ends with its successful introduction into the market. Small firms
are not at a disadvantage in this stage and have been responsible for
the invention and development of important innovations in many
cases. Large firms have some disadvantage due to communication and
incentive problems. This stage shows the most technical and market-
ing uncertainty. Economies of scale do not yet exist in R&D, produc-
tion, or marketing; thus neither vast amounts of resources nor market
power is necessary.

In the imitation stage, technical and marketing uncertainties are
considerably lessened and other firms can learn from the innovating
firm. Rapid entry into the industry can be expected. Firms will en-
gage in R&D to expand knowledge and improve the original innova-
tion. The basic science and technology are crudely understood during
this stage so a large investment in R&D is not necessary to be competi-
tive. Both large and small firms are able to enter and succeed.

The industry passes into the technological competition stage as the
science and technology becomes better understood. Research becomes
more specialized and sophisticated. Large laboratories have the great-
est advantage here, especially if economies of scale in R&D are a factor.
Some small firms will have become large firms by now. Other small
firms may succeed if they corner a specialized area of the technology
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and have patent protection. New small firms will have difficulty en-
tering, however, and entry will be generally slow. The market, which
has been growing to this point, begins to slow in growth.

The standardization stage is reached as the scientific knowledge be-
comes well-known, production techniques become standardized, and
technological progress slows. Competition shifts from technology
to price and the primary barriers to entry are the capital requirements
for production technology and marketing organization. Entry is
slow.

The Abernathy and Utterback model focuses on "process segments"
within the firm. According to their model, process development
within a process segment evolves through three stages: Uncoordinated,
segmental, and systemic. Correspondingly, product development passes
through three stages: Performance maximizing, sales maximizing, and
cost minimizing.

In the uncoordinated stage, product innovations are likely to be
major. They emphasize quality and performance, rather than cost.
User needs are not yet well understood and users are likely to be active
in providing the direction for innovation. Thus, product design and
characteristics are constantly changing. Because the product is still
evolving, production processes are adaptable, but inefficient. They
tend to be small scale and characterized by manual operations and
general-purpose equipment and materials. At this stage, the market is
still small.

In the segmental stage, user needs become more clearly known, some
products become more standard, and the market expands. These con-
ditions encourage the automation of some phases of the production
process. Other phases, however, remain manual, so the process as-
sumes a segmented character. Firms pursue a strategy of product dif-
ferentiation in an attempt to maximize sales, but the major innova-
tions in this stage are process innovations. Both product and process
innovation tend to be technology-stimulated, as opposed to market
stimulated.

The last stage is the systemic stage, in which the product is stand-
ardized, user needs are clearly defined and made known to the firm,
and the primary emphasis is on cost. Production processes are large
scale, specialized, and fully integrated. Thus, the cost of changing the
process to accommodate a major change in the product is prohibitively
high. Consequently, innovations in either product or production proc-
ess are likely to be limited to incremental changes. Revolutionary
changes are likely to originate outside the process segment and enter
by "invasion." Product strategy is cost minimizing.

These models show how patterns in the level and nature of innova-
tive activity change as an industry evolves. They also show differences
between stages of industrial maturation in terms of the type of com-
petition (technology-based or price-based), between the level of re-
source requirements and the ability of small firms to succeed, between
different motivations for the firm, and between severity and nature
of barriers to entry. They have implications for the kinds of strategies
firms will pursue, the kinds of stimulus that will motivate them to in-
novate, and the kinds of innovations that will be forthcoming.
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V. DIFFusIoN OF INDUSTRIAL INNOVATIONS

A. Introduction

Diffusion is the spread of an innovation once it has been introduced.
It is a very important part of the innovation process because it is only
through the spread of innovations that their economic and social im-
pacts are made. Innovations may diffuse among users in the public
sector, as well as the private sector; some of the issues involved in
public-sector diffusion are discussed by Roessner (1976). Innova-
tions also diffuse among consumers; examples include the diffusion of
color television, fluoride toothpastes, and microwave cookers. This
chapter, however, focuses on diffusion of innovations among indus-
trial firms.

At any given time the firms in an industry are using a mixture of
different production processes of varying levels of efficiency and are
producing products of varying levels of performance or quality.
Through the process of diffusion, this mixture is changed in the direc-
tion of more modern and efficient production processes and new and
improved products. Thus, diffusion is important to industrial produc-
tivity growth and international competitiveness. Since a process in-
novation usually results in productivity improvement in the firm using
it, the rate of the spread of that innovation will determine how rapidly
overall industrial productivity increases in response to the new proc-
ess. Moreover, the spread of an innovation affects not only the industry
using that innovation but also its customer firms. For instance, a proc-
ess innovation may result in a product with slightly different properties
that will then create opportunities for innovation in the industries
that use that product. In the case of product innovations, the new
products will frequently increase the productivity of the using
industries.

Diffusion may take a long time. Based on a study of 12 innovations,
Mansfield concluded that 20 years or more was required in many cases
before all the major firms in 'an industry had begun using an innova-
tion. (1968 A, p. 133) The small firms were in many cases unable to use
the innovation at all. However, there was a great deal of variation in
the diffusion rates; sometimes it took decades for an innovation to be
widely adopted while in other cases diffusion occurred very quickly.
The number of years elapsing before half the firms had introduced an
innovation varied from 0.9 to 15. Mansfield has provided evidence,
based on a limited sample, that rates of diffusion may be increasing
slightly. (1968 A, p. 131; 1977, p. 114)

The spread of innovations may occur through three mechanisms; the
growth of the original innovator; the -adoption of the innovation for
the same purpose by other firms; and the application of the innova-
tion for other purposes. The second mechanism has been studied the
most, although it has been argued that the third mechanism accounts
for the most dramatic spread of the innovation.

The diffusion of industrial innovations has not been studied as much
as R&D and the generation of industrial innovations. Most diffusion
studies have been of process, as opposed to product, innovations. Early
studies of the diffusion of industrial innovations were based on the so-
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called "classical" model of diffusion developed by sociologists in
studies of diffusion of agricultural and other innovations among in-
dividual adopters. (Rogers and Shoemaker) These studies stressed
measures of the rate of diffusion and the characteristics of early and
late adopters. B. Th ' Cure

Early studies provided evidence that the diffusion of many innova-
tions exhibits an S-shaped pattern. In the graphs in figure 3, the bot-
tom axis represents time and the vertical axis represents percentage of
potential adopters having adopted. In general the steeper the "S", the
more rapidly the innovation diffused among potential users. The level
of diffusion may be measured in a number of ways. Mansfield measured
it in terms of the percentage of firms in an industry that adopted the
innovation. This measure has been criticized for its failure to take ac-
count of the economic impacts (that is, 100 small firms adopting an in-
novation may not have the same impact as 4 giant firms adopting.)
Some studies have therefore used the fraction of industry's output
which utilizes the innovation as the measure of diffusion. (Lakhani)

The "S" shape of the diffusion curve is often explained as a result of
learning processes: a few users try the innovation, others observe and
presumably become convinced of its 'advantages enough to adopt it
themselves, causing a rush of adopters. As adoption approaches 100
percent (or, stated differently, the market approaches saturation),
there are a few stragglers or "laggards" that adopt much later than the
rest of the industry. A problem with this type of analysis is the labeling
of firms as "leaders," "followers," and "laggards." Such labeling may
be inappropriate since a firm may be early to adopt one innovation and
late to adopt another. Moreover, firms may have economic reasons for
not adopting quickly, or at all, as will be discussed later in this section.

Recently, diffusion researchers have questioned the "S" curve. There
is some evidence that S-shaped curves are not accurate descriptions of
reality; the relationships may actually be linear. (Gold, p. 6) Another
question that has been raised is how the universe of potential adopters
can be identified. For a hybrid seed corn the answer might be all corn
farmers; but if it is a seed developed for certain soil conditions then
it would only be corn farmers with those soil conditions. Sometimes
an innovation does not meet the needs of intended users and therefore
never diffuses to 100 percent of intended users. This underscores the
difficulty of forecasting the size of market and rate of growth of sales
for new products.

On the other hand, uses are often found for innovations that were not
imagined when it was first introduced. For instance, the uses of semi-
conductors were first intended to be primarily in the national defense
area, but subsequent applications were found in consumer products,
opening up whole new markets. Moreover, most innovations do not
remain static once introduced to the market. The suppliers continually
strive to improve them and to modify or adapt them for new applica-
tions. Continual modification creates a problem of knowing when the
same innovation is being used. The number of potential users may
increase continually, often as a result of the innovator's marketing
efforts. Thus, the diffusion of an innovation may not only represent
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FIGURE S.-Growth in the Percentage of Major Firms that Introduced 12 Innova-
tions, Bituminous Coal, Iron and Steel, Brewing, and Railroad Industries,
1890-1958.
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increasing saturation of the originally perceived market, but also the
increasing range of applications. At any rate, it is difficult to interpret
the meaning of the S-shaped curves when the innovation and the po-
tential population of users change.

C. Adoption of Innovations

Industrial innovations spread through the decisions of user firms to
adopt the innovation, decisions which are guided by the firms' percep-
tion of their own interests. Adoption often entails purchasing or build-
ing new plant and equipment and scrapping the old. Thus the
decision to adopt is affected not only by the perceived benefits of the
innovation but also by the availability of financial capital and other
factors that affect the rate of investment generally. Adopting an
innovation involves considerable risk or uncertainty. For each new
user, a technology is an innovation, regardless of its age, in terms of
the risk and uncertainty it poses to the firm. Thus, the earlier discus-
sion of innovation as a process of uncertainty-reduction applies to
decisions to adopt an innovation, as well.

It is widely agreed that the firm's primary consideration in deciding
whether to adopt an innovation is its relative advantage over the
status quo, discounted for uncertainty about adverse outcomes. Ac-
cording to Gold, however, this is overly simplistic and does not explain
how the firm makes its decision. Gold said:

... the guiding basis for such decisions is a comparison of the estimated
effects on the performance of the firm over an extended period of adopting any
particular innovation as over against allocating available resources to other
means of dealing with its problems and opportunities. Understanding such deci-
sions accordingly requires some grasp of the larger decisionmaking framework
of firms within which decisions about innovations represent only an occasional
intermediate stage rather than a continuous independent process. (pp. 10-11)

Firms or plants differ in respect to their objectives, costs, materials,
resources, and in many other ways, so that judgment of the net eco-
nomic advantage of an innovation and of the adequacy of the firm's
resources to adopt and implement it may well differ from firm to firm.
A particular innovation may have great advantage for one firm but
not for another. The decision by a firm not to adopt should be viewed
in the context of its particular needs and opportunities. A decision
not to adopt may be reconsidered as the innovation is improved or as
conditions in the firm's situation or environment change. On the other
hand, a decision to adopt may be reversed if problems develop in the
implementation of the innovation. It is not possible to determine
whether the rate of diffusion of an innovation is too slow or too fast,
unless one knows the causes for firms' decisions to adopt or not to
adopt. It is possible that the benefits of an innovation do not warrant
adoption at a particular time, or that it has certain disadvantages.
Innovations when first introduced are often relatively crude and
unsuited to many of their ultimate uses. They may offer little or no
relative advantage over existing technology and sometimes have rela-
tive disadvantages. (Rosenberg, 1978, p. 5)

Gold reports that since adoption decisionmaking proceeds in the
face of great uncertainty, it frequently relies on the personal values of
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those involved instead of on formal calculation of expected economic
benefits. He found decisions to adopt were often based on expected
physical input-output improvements. while simply assuming equiva-
lent economic benefits. (p. 17)

The spread of innovations involves more than the acquisition of new
capital equipment or a new product. It often involves considerable
adjustment to the innovation in terms of training workers and adjust-
ment of the production line. Gold points out that it may take years
of working with the new process and fine tuning to get performance
superior to the old. There has been little consideration of post-adoption
processes, such as the use, maintenance, and modification of the inno-
vation. This is unfortunate because it is through these processes that
the firm obtains the benefits of the innovation. Mansfield has investi-
gated the rate at which firms substitute new technology for old; this
will be discussed later in this section.

D. Factors Affecting the Rate of Diffuieon

Nelson, Peck, and Kalachek have done a substantial amount of
research to find out what factors affect the rate of diffusion of an
innovation. They considered that three factors affect the speed of
diffusion:

(1) The long run advantage of the new product or process over older ones;
(2) the transition costs and frictions, on the one hand, and the costs and dangers
of maintaining the status quo, on the other; and (3) the uncertainty about the
superiority of the new product and the ease or difficulty of overcoming these
uncertainties, (p. 100)

This was supported by Mansfield who concluded on the basis of a
study of 12 innovations that the rate of diffusion is determined in
large part by four factors: "The extent of the economic advantage
of the innovation over older methods or products, the extent of the
uncertainty associated with using the innovation when it appears,
the extent of the commitment required to try out the innovation, and
the rate at which the initial uncertainty regarding the innovation's
performance can be reduced." (1968 A, p. 133) Mansfield constructed
a simple mathematical model based on the hypothesis that the prob-
ability that a firm will introduce a new technique increases with the
proportion of firms already using it and the profitability of doing so,
but decreases with the size of the investment required. He found that
this model explained almost all the observed variation in rates of
diffusion for the 12 innovations he studied. (p. 121)

Subsequent studies by Mansfield, Hsia, and others indicate that the
original model is quite useful for predicting the rate of diffusion for
other innovations in this and in other countries. Results suggest that
the model can also be used to explain the growth over time in the per-
centage of industry output produced with a new process and the in-
crease over time in the percentage of new machine tools purchased that
have numerical controls. (1977, p. 206)

The three factors-relative advantage, uncertainty and uncertainty
reduction, and investment required-will be discussed briefly, and then
some of the other factors thought to affect the rate of diffusion of inno-
vations in industry.
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1. REIATIVE ADVANTAGE

Nelson, Peck, and Kalachek stated:
If a new product is better or cheaper than an old one, or meets a want that

could not be met before at a reasonable price, it eventually will be used in all or
most situations where it has positive net value. If it is very desirable and proft-
able, it will be adopted faster than if it is only marginally profitable. (p. 100)

Many authors, including Mansfield above, have equated relative ad-
vantage with profitability of the innovation. Ways in which an inno-
vation may be relatively more profitable than the technology which
it is replacing include reduction of unit costs for production, increased
demand for the product due to improved quality, or increased price for
the product because of improved quality. Other authors have pointed
out that relative advantage is in the eyes of the adopting firm and
therefore depends on the firm's needs and opportunities. For some
firms, relative advantage may be simply the prestige of being first,
while for others it may be less dependence on expensive raw materials
or lower emission of regulated pollutants.

2. INVESTMENT REQUIRED

As noted above, Mansfield found that the rate of diffusion was
adversely affected by the size of the investment required to adopt the
innovation. Nelson, Peck, and Kalachek pointed out that:

Capital stock, education, and organizational form all reflect existing technol-
ogy, and generally must be altered to suit new developments.

The necessity of acquiring new physical capital frequently makes rapid tran-
sition uneconomic. Where the innovation is a new consumer good performing a
radically new function, or is in a product field for which demand is growing
rapidly, or is equipment used in an expanding field, there is no major competi-
tion with existing capital. If a new consumer or producer durable competes
strongly with existing durable goods-and must win Its way largely by replacing
them-there is an element of friction.... The user's comparison is the purchase
price of the invention plus its operating cost against the operating cost of the old
good plus resale value. The higher the purchase price, the greater must be the
operating cost advantage to make replacement economical. As an existing stock
of capital ages and deteriorates replacement becomes progressively economical
but again, the higher the purchase price, the slower the initial replacement will
proceed, at the onset.

Likewise, adoption will be delayed if the new technique requires new kinds
of knowledge or patterns of behavior which are costly in terms of resources,
effort, or time. (pp. 100-101)

3. UNCERTAINTY

Nelson, Peck, and Kalacheck argued that the uncertainty about the
advantages of an innovation and the ease with which that uncertainty
was removed determine the rate of diffusion of an innovation. They
elaborated:

Some innovations, representing only marginal modifications from existing
equipment, may be relatively easy to demonstrate and evaluate. For major in-
novations it may be considerably more difficult for sellers to demonstrate that a
potential user could effectively and beneficially adopt the new technique or prod-
uct, or for potential users confidenttly to make ther own evaluation....

These factors Influencing uncertainty resolution appear to play a major role
in determining the pace of adaptation: (1) The extent to which an innovation
may be tried out on a small scale; (2) the extent to which potential users include
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a group with education and training which permits information about the newproduct to be decoded and understood and experiments to be performed effectivelyand confidently; and (3) the strength of the information dissemination system.
(p. 103)

Early users of an innovation generally try it out on a limited or ex-
perimental basis when possible. When performance is proven, they
may increase their usage of the innovation. To the extent limited trial
is possible, some uncertainty can be resolved and adoption will proceed
more smoothly. Where, as in catalytic cracking, the decision is all-or-
nothing, great caution will be exercised and the rate of diffusion may
be slowed.

Several studies indicate the importance of technically sophisticated
people in or available to the firm who are capable of evaluating the
new technology. Mansfield et al. found that an industry's R&D ex-
penditures as a percentage of sales were a significant determinant of its
rate of diffusion. This suggests that R&D in the industrial firm is more
than an invention-producing activity; it may also facilitate adoption
of innovations originating outside the firm. Mansfield stated:

R&D provides the firm with a window opening on various parts of its en-vironment. For example, it allows the firm to communicate more readily withthe scientific and technological community, and to understand and evaluate otherfirms' innovations more quickly and more accurately. Also, it sometimes is a deviceto recruit and train people who eventually will move on to general management.
Given these functions of R&D, it is not surprising that more R&D-intensiveindustries tend to accept innovations more rapidly than others. (1977, p. 209)

Other groups that may affect the rate of diffusion are organizations
with direct interest in rapid acceptance such as the producing firm's
sales and advertising departments, technical professional associations,
trade associations, industry publications, and Government agencies
such as the Agricultural Extension Service.

As noted above, Mansfield's model of diffusion was based on the as-
sumption that the probability of a firm's adoption would be positively
related to the number of firms that had already adopted the innovation,
that being a measure of how much uncertainty has been reduced, since
uncertainty is reduced through experience with the innovation.

4. EXPECTED FUTURE RATE OF INNOVATION

The early versions of an innovation are frequently more expensive
and do not perform as well ts later versions. If a firm believes that im-provements will be forthcoming in the near future, it may be rational
to delay adoption. It may also be wise to delay making a change if it
is believed that a completely different, competitive innovation may be
introduced in the near future.

5. BOTTLENECKS IN SUPPLY

Rosenberg has suggested the importance of a well-developed capital
goods sector to the diffusion of innovations. The speed of diffusion of
a process innovation, for example, depends on the ability of the capital
goods sector to provide the machinery and components manufactured
to the proper specifications. In the past, examples have occurred of

56-367 0 - 81 - 16
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innovations that were not widely adopted because precisely machined
parts were not available. However, Nelson, Peck, and Kalacheck con-
cluded that "there is little evidence that bottlenecks on the supply side
have been important" in developed nations such as the United States.
(p. 105) At any rate, there has been relatively little study of the
relations between suppliers and users in the diffusion of innovations.

6. INDUSTRIAL CONCENTRATION

Nelson, Peck, and Kalacheck hypothesized that the pressure to adopt
innovations rapidly will be greater in competitive industries than in
sheltered industries. Empirical evidence provided by Mansfield et al.
seems to support this hypothesis. They found that, in the case of
numerically controlled machine tools, the rate of diffusion was higher
in less concentrated industries. Both the number of firms in the indus-
try and the inequality of firm sizes had a significant effect on the rate.
(19,77, p. 208)

7. OTHER FACTORS AFFECTING THE RATE OF DIFUSION

Rosenberg has suggested additional factors that may affect the rate
of diffusion. Sometimes there is a need for "complementary" innova-
tions to exploit the full potential of the original innovation. For
instance, the invention of steel rails and air brakes was important for
the development of the railroad industry. When these "complemen-
tary" innovations do not occur, the original innovation may not be
widely used.

Rosenberg also noted that the introduction of an innovation does not
automatically cause the demise of existing technologies with which it
competes. The old and new technologies frequently coexist for some
period. In the early stages the new technology may still have some
disadvantages with regard to the old technology. At the same time,
the old technology may continue to undergo improvements, which
may be stimulated by the competition from the new technology. Im-
provements in the old technology may be more preferable to some firms
than taking a chance with a promising but unproven new technology.

There exists some evidence that in cases where governmental regu-
lations are a factor, they may significantly affect the rate of diffusion
of technological innovations, Lakhani found the rate of diffusion of
pollution-reducing innovations to be positively associated with en-
vironmental protection expenditures by State governments. These
findings are, however, preliminary and have not been confirmed by a
body of research in this area.

E. Factors Affecting the Firm2's Propensity To Adopt

There have also been studies of the factors that determine whether
a particular firm will adopt an innovation rapidly or slowly. Mansfield
summarized the results of this research:

Among Industrial firms, the size of a firm and the profitability of its investment
In the technique seem to be directly related to the speed with which it begins
using it. However, there is no evidence that a firm's speed of response is related
to the firm's rate of growth, profit level, liquidity, profit trend, or age of a firm's
management. (1968 A, p. 133)
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There appears to be disagreement on whether size of firm is asso-
ciated with speed of adoption. Mansfield's more recent research on
numerical control machine tools confirmed that within a given in-
dustry larger firms tend to be quicker than the smaller ones to begin
use. (1977, p. 209) Utterback, on the other hand, stated:

There is no evident relationship between firm size and speed of adoption of
Innovations. Larger firms appear to lead in some industries, while smaller and
medium-sized firms lead in others. Nor does leadership in adoption appear to be
concentrated in particular firms in the few industries for which data are avail-
able. (p. 625)

The reason for the disagreement may lie in the cost of innovations rela-
tive to firm resources. In the chemical industry, large firms were found
to adopt the more costly innovations more rapidly than small firms, but
this relation was not as strong for less costly innovations. (Mansfield,
1977, p. 209) Some innovations are too costly to be adopted at all by
small firms. Thus, although large firms may be quicker to adopt inno-
vations, it does not necessarily indicate that they are more "innovative"
than small firms.

F. Intraflirm Rates of Diffusion.

The process of diffusion does not end with the initial adoption by
user firms. Most firms will try an innovation on a limited basis at first,
and then, if satisfied, will convert more and more of their facilities
to the new technology. The rate at which firms convert to the new
process is another important determinant of the rate at which the inno-
vation diffuses. Mansfield studied 30 randomly chosen railroads to
learn the number of years that elapsed between the time when diesel
locomotives were 10 percent of the total locomotive stock and the time
when they were 90 percent. He found a wide variation, from 3 years to
14 years or more. The average length of time required was 9 years.
The results of an econometric study showed that about two-thirds of
the variation could be explained by the following factors: Profit expec-
tation of the investment in diesel locomotives, the date when a firm
began to use diesels, the size of the firm, the age distribution of its
steam locomotives, and a firm's initial liquidity. The higher the profit-
ability expected, the speedier the conversion. Small firms, once they
began, were quicker than large firms. The intrafirm rate of diffusion
was faster for firms that were later to begin using the innovation,
that had older equipment, and that were more liquid. (1968A, p.
125-126)

Subsequent research by Mansfield et al. revealed that the rate of
intrafirm diffusion of numerical control machine tools was also in-
versely related to size. But that may be in large part due to the flexible,
"batch" orientation of numerical control machines, which makes them
relatively more attractive to small firms than to large firms, which
tend to use more specialized equipment. For cases in the chemical in-
dustry where conversion was not instantaneous, the rates seem to be
inversely related to a firm's share of the market for the relevant prod-
uct. Thus, Mansfield summarized: "With regard to all the innovations
studied (in the chemical and other industries) where intrafirm rates
of diffusion vary among firms, there is a tendency for firms with large
shares of the market to have relatively low intrafirm rates of diffu-
sion." (1977, p. 209)
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G. Diffusion of Product Innovatiomn

Most research on the diffusion of innovations has studied process
innovations, as opposed to product innovations. Recently, one of
Mansfield's colleagues provided some evidence on the rate of diffusion
of 29 new products in the chemical industry. The results indicated that
the profitability of the innovation, the size of the investment required
to produce the innovation, and the existence and duration of patents
had significant effects on the rate of diffusion. These findings demon-
strated the basic similarity between the diffusion process for products
and processes in the chemical industry. (1977, p. 210) In that industry,
in addition to expected profitability of the innovation and the invest-
ment required, the existence of patents may affect the rate of diffusion
if they are used to block adoption by competitors.

VI. THE INDUSTRIAL INNOVATION SYSTEM

An instructive way of looking at innovation is to view it as part of
a dynamic system composed of various institutions and activities, with
flows of information, people, and resources occurring between the
elements of the system. The concept of a "technology delivery system,"
including subsystems that perform R&D, manufacture and distribute
products, and finance innovation activities, was used by the National
Academy of Engineering in 1973 to represent the complex processes
by which scientific knowledge is applied. Similarly, innovation is char-
acterized as an "ecology" consisting of the phases of innovative activity
occurring within social, cultural, political, and economic environments.
(Kelly and Kranzberg) One of the advantages of this type of approach
is that it points out areas of specialization and overlap between insti-
tutions and interactions between institutions and functions. This sec-
tion of the paper will describe some of the major institutions in the
industrial innovation system.

A. R&D Performinq ITstitutions

In 1978 total R&D spending in the United States was estimated to
be $47.3 billion. This does not represent all innovation expenditures,
because the introduction of new products and processes requires large
investments in tooling, manufacturing start-up, and marketing start-
up. Estimates of the proportion of innovation costs represented by
R&D range from 10 percent to 59 percent. (Stead) In 1977, an esti-
mated 571,000 scientists and engineers were employed in R&D in the
United States, surpassing the previous peak of 557,000 set in 1969.
(NSF, 1978 A, pp. 4,17)

The growth of organized R&D in the 20th century has been ac-
companied by the decline of the importance of independent inventors.
Although individuals are still important contributors of inventions
in some industries, there has been a shift since the early part of this
century toward a larger contribution from inventors associated with
corporate R&D.

The major R&D performing institutions are: industrial R&D lab-
oratories, universities, nonprofit laboratories, and Government labora-
tories. Each will be discussed briefly in turn.
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1. INDUSTRIAL R&D LABORATORIES

Private industry is the largest performer of R&D in the United
States, performing 70.3 percent of the R&D, or $33.2 billion in 1978.
About two-thirds of the scientists and engineers engaged in R&D are
employed by industry. (NSF, 1978 A)

The growth of industrial R&D in the 20th century has been phe-
nomenal in terms of numbers of laboratories, expenditures, and peo-
ple. During the last 60 years most large firms have set up full-time,
specialized R&D departments. At the turn of the century the number
of industrial R&D laboratories was small; by 1975 there were more
than 6,600 listed in the directory of Industrial Research Laboratories
of the United States. In 1921 there were less than 20,000 corporate
R&D personnel. In 1977 industry employed 380,400 scientists and
engineers in R&D. In 1921 only $150 million was spent on R&D in the
United States, compared to $47.3 billion in 1978.

In the 18th and 19th centuries, technical progress was largely the
result of direct observation and small-scale experiments, improvements
that could be made by mechanics and engineers who often did not
possess extensive formal education. The growth of industrial R&D
laboratories reflects the organization and specialization of this kind
of activity and is associated with three main changes, according to
Freeman:

(1) The increasingly scientific character of technology. This applies not onlyto chemical and electronic processes but often to mechanical processes as well.A formal body of "book learning" is usually necessary now for those who wish
to advance the state of the art, as well as practical experience.

(2) The growing complexity of technology, for example, the partial replace-
ment of "batch" and "one-off" systems of production by "flow" and "mass"production lines. It is expensive and sometimes almost impossible to use thenormal production line for experiments in large-scale plants. The physical sep-aration of experimental development work into specialized institutions was oftena necessity in such cases. The sheer number of components in some processesand products has similar effects in prototype and pilot plant work.

(3) The general trend towards division of labour, noted by Adam Smith, which
gave some advantages to the specialized research laboratories, with their nowhighly trained manpower, information services and scientific apparatus. (p. 24)

The increasing complexity of the technology is also said to have
contributed to increasing costs and duration of innovation projects,
resulting in the need for public involvement. Freeman gave the ex-
ample of nuclear energy:

The need for such massive public investment arose because nuclear en-gineering processes carry to an extreme degree all the tendencies which havebeen discussed.... The very heavy costs and long gestation period arose from
the extraordinary complexity of the design problems, involving new materials,instruments, components and equipment of all kinds to satisfy the exacting re-quirements and safety standards of the new technology. At every stage intimate
collaboration was necessary between nuclear engineers and scientific researchteams investigating fundamental problems, so that large R&D groups were
essential. (p. 73)

Industrial R&D is "concentrated" in three respects. First, industrial
R&D is concentrated in a relatively small number of large firms.
Second, it is concentrated in a few industries and product lines. Third,
R&D is concentrated on short reach, applied work. (There appears to
be a shift toward even more concentration on short-term work.)
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Although the total number of U.S. companies engaging in R&D is
estimated to exceed 10,000, the 1,200 companies with employees of
more than 1,000 account for about 95 percent of total R&D expendi-
tures. Within these 1,200, 100 firms account for about 80 percent of
the overall total, and the top 8 firms represent about 35 percent.
(Shapley and Phillips, p. 57)

The five leading R&D-performing industries-aircraft and mis-
siles, electrical equipment and communication, machinery, chemicals,
and motor vehicles-spent about 80 percent of total industrial R&D
funds in 1976. Companies in the first two industries accounted for
nearly one-half of the all-industry total. Historically, there has been
little change in this measure of concentration. (NSF, 1978 B)

In 1977, 4 percent of industrial R&D expenditures went for basic
research. Only 185 of the 494 R&D-performing firms with employ-
ment greater than 5,000 in 1975 performed industrial basic research.
The chemical industry accounted for 41 percent of basic research ex-
penditures in 1976. Industry has been performing approximately 15
percent of national basic research in recent years. (Iid.)

The Federal Government supported about 35 percent of the R&D
performed in industry in 1978; the remainder was financed by indus-
try's own funds. Prior to World War II, the Federal Government
played a small role in industrial R&D; during and after the war Fed-
eral involvement grew dramatically. The level of government support
for industrial R&D declined from its peak in the late 1960's with the
end of the Vietnam war and the decfine of the NASA space effort.

Much industrial R&D is performed for, and sold to, the Federal
Government in the form of hardware, studies, or services. Shapley
and Phillips pointed out:

In defense and space technology-oriented companies . . . R&D itself is a big
business; for such companies, R&D sales can represent a large fraction of total
business, and maintaining a steady stream of Government R&D contracts be-
comes a major corporate objective. (p. 55)

Industries vary, however, in the extent to which they perform R&D
for the Federal Government. Aircraft and missiles, and electrical
equipment and communications are the most heavily involved, and
some R&D-intensive industries such as chemicals and pharmaceuti-
cals perform little federally funded R&D.

Shapley and Phillips further described the nature of government
R&D performed in industry:

They are developing weapons systems, space hardware, energy technologies,
and new medicines; they are doing applied research and development on new
technologies, new equipment, and new instruments; and they are building ex-
perimental and demonstration plants and Federal R&D facilities. They are
doing an enormous volume of paper studies of new concepts and design options,
sometimes backing them up with experimental tests of crucial features. They are
providing the Government with a wide range of support services for Federal
research, development, test, and evaluation activities, ranging from full re-
sponsibility for the operation of laboratories and test centers to the provision
of more specialized analysis, computational and other technical services. In-
dustry is also performing some federally funded basic research, but the amount
is relatively small; less than 2 percent of all Federal R&D performed by industry
and less than 6 percent of all federally funded basic research. (p. 58)
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This is different from the R&D funded by industry itself, where R&D
is a cost to be recouped, not by prompt reimbursement from a Federal
customer:

... but out of Income earned from sales in the future. While Federal tax
laws permit company R&D expenditures to be written off as a current expense,
the companies themselves must regard R&D as one of several investment alter-
natives for meeting future company objectives. R&D in this mode is a cost of
doing and staying in business; as such, it has to stand the same scrutiny as all
the other costs that enter into the balance sheet. (p. 55)

About 7 percent of U.S. company-funded R&D is performed over-
seas. (NSF, 1979) This is the same percentage level as the 1965-1966
period. (Creamer; Mansfield, Teece, and Romeo) Foreign R&D ex-
penditures of U.S. firms grew rapidly through the 1960's and early,.
1970's, when they reached about 10 percent, and have slowed in growth
since then, according to the limited data available. In the 1974-1977
period, the foreign R&D expenditures of U.S. firms grew slightly
faster than their domestic R&D expenditures. The primary reason
given for foreign R&D is the need to tailor technology to special
design needs of foreign markets and operations. The percent of a firm's
R&D expenditures that are performed abroad is a function of the per-
centage of the firm's sales derived from foreign subsidiaries. Fifteen
percent of the major U.S. industrial R&D performers maintain for-
eign laboratories, but these firms account for approximately one-half
of U.S. company-funded R&D spending. Foreign R&D spending by
U.S. firms is heavily concentrated in Canada and Western Europe.
The R&D done in foreign laboratories tends toward development,
rather than research, toward improved products and processes, rather
than new products and processes, and toward short-term projects,
rather than long-term projects. It is usually in the same product fields
and scientific fields as that of the parent firm. Some of the R&D per-
formed abroad has commercial applicability to U.S. operations.

There is increasing concern about apparent trends in industrial
R&D. The overall level of industrial R&D expenditures has stagnated
in constant dollars since the late 1960's, due primarily to the decline,
in Federal support for industrial R&D. Industrial R&D funded by
industry itself has increased since that time but not enough to offset
the Federal decrease. Basic research in industry has declined. Since
1967, industry-funded basic research has declined 10 percent in con-
stant dollars, while applied research and development together have
increased 42 percent. (Shapley and Phillips, p. 61) Moreover, there
are claims that industrial R&D is increasingly focusing on short-term
objectives and existing products. Mansfield has provided tentative
evidence that most industries reduced the proportion of their R&D
expenditures for relatively risky projects in the period 1967-1977, and
some industries cut the proportion going for relatively long-term
projects. (n.d., pp. 14-15) Some of the causes that have been suggested
are: economic and political uncertainty, competing demands for capi-
tal investment funds, government regulatory requirements, and an
already heavily exploited science base. The concern about trends is
based on the belief that industrial R&D and innovation are important
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contributors to economic growth and productivity and to improving
the quality of life. Although they admitted that the statistical support
for the existence of a decline in innovation and its purported causes is
weak, Shapley and Phillips concluded: "There can be no doubt that
there has been a major new emphasis on 'defensive' R&D in industry
in recent years." (p. 63)

2. UNIVERSITIES

The intellectual environment of the university or college setting
seems particularly appropriate to the conduct of basic research. Thus,
it is not surprising that universities and colleges are the major per-
formers of basic research in the country, accounting for over one-half
of the national total. These institutions devote more than three-quar-
ters of their R&D efforts to basic activities. Generally, academic R&D
activities are not closely linked to a facility that uses their results
directly, such as a manufacturing plant. The direction of this research
is largely determined by the interests of the scientific community and
generally coupled to graduate instruction. However, some university
R&D is more closely related to establishing the science base under
particular technologies. The agricultural experimentation stations and
research associated with medical school hospitals are prominent exam-
ples. Basic research in universities contributes to industrial innovation
by adding to the pool of scientific knowledge which may be used by in-
dustry in the development of new and improved products and processes.

Federal agencies contribute about two-thirds of the funds used for
R&D performance by universities and colleges. Universities and col-
leges also perform research and development for industrial firms, State
and local governments, and nonprofit organizations. Together with
universities' own funds, these sources account for the remaining one-
third of R&D funds expended by universities and colleges. (NSF,
1978 A)

3. NONPROFIT R&D LABORATORIES

In 1978, nonprofit institutions other than universities and colleges
performed $1.5 billion of R&D or about 3 percent of the total. Non-
profit institutions include research institutes, philanthropic founda-
tions, professional and technical societies, academies of science, volun-
tary as well as State and local hospitals, science museums, zoological
parks, botanical gardens, and arboretums. These organizations pursue
widely differing programs in promoting science, including R&D per-
formance, funding, information dissemination, and education. Despite
relatively limited R&D expenditures, they have accounted for signifi-
cant contributions in many fields. For instance, the Xerox copier
was developed initially by the Battelle Memorial Institute. (NSF,
1978 A)

4. GOVERNMENT LABORATORIES

In addition to funding R&D in other sectors, the Federal Govern-
ment is also a large performer of R&D. Federal intramural R&D per-
formance was expected to amount to about $6.6 billion or about 14
percent of the 1978 R&D total. This represented about 28 percent of



243

Federal funds spent on R&D. (NSF, 1978 A) Technologies devel-
oped in government laboratories have occasionally been transferred
to the private sector for manufacture and civilian applications, e.g.,
radar, nuclear power, and aircraft.

B. Manufacturem aind Distr'ibutor8

Having briefly described the major R&D performing institutions in
the United States, consider the institutions that manufacture and dis-
tribute products. Without these institutions it would be impossible for
innovations to spread, hence, there would be little incentive to develop
them.

The transition from R&D to production is an important one. Re-
search has shown that innovation goes more smoothly when the R&D
is done by the same organization that manufactures the innovation.
Moreover, within the firm, good working relations between the R&D
and production departments are important to innovation. As Mans-
field indicated:

The production people must produce the new item emerging from the R&D
department. Often there are considerable problems in translating jobs to be done
from the language and methods appropriate to R&D engineers into terms that
are useful to draftsmen, production engineers, production supervisors, and ulti-
mately, operatives. Moreover, the linguistic and communication difficulties are
often compounded by problems of status and power. For example, the develop-
ment engineers may tend to look down on the production people. Whether the
results of the R&D department come to fruition may be dependent on the
production staff as well as the marketing staff. It is not uncommon for good
ideas stemming from the R&D department to be blocked by production managers
who feel threatened by the problems involved in the change. (1968 A, pp. 87-88)

The traditionally high rate of innovation in American industry is
closely linked with the high level of industrial development in this
country. A very complex industrial system has developed where much
of the manufactured output is used in other manufacturing processes
and not by the final consumer. Most industrial innovation goes on in
the capital goods sector, not consumer goods. Most industrial firms are
served by supplier firms and capital equipment firms; they, in turn,
provide products to a customer firm. There is much interaction be-
tween buyer and seller firms. Often a firm's suppliers or customers will
be involved in the innovation that goes on within the firm. Customers
may demand new products and suppliers may provide new products.
For example, in the textile industries the suppliers have been the
source of many innovations:

The textile mill products industry itself has done little R&D, yet has experi-
enced gains in productivity faster than the average industry, with significant
improvements in products. The principal reason is that supplying industries-
particularly chemicals-have originated many new products for the textile mill
products industries to use or process, and, in addition, have provided consider-
able technical assistance. (Nelson, Peck, and Kalacheck, p. 75)
Peck has shown the importance of equipment makers to technological
change in the aluminum industry.

The interaction between buyer and seller firms is responsible for
much of the spread of innovations and their economic impact. Rosen-
berg discusses this phenomenon in detail:
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... Many of the benefits of increased productivity flowing from an innovation
are captured in industries other than the one in which the innovation was made.
As a result, a full accounting should, in principle, encompass all of these inter-

industry relationships. In practice it is difficult to identify, much less measure,
these benefits. Partly this is due to the fact that industrial development under a
dynamic technology leads to wholly new patterns of specialization both by firm

and by industry, so that it is impossible to compartmentalize the consequences
of technological innovation within any set of established industrial boundaries.
... The ways in which technological changes coming from one industry constitute

sources of technological progress and productivity growth in other industries
defy easy summary or categorization. (1976, p. 27)

C. Inn vation Fimncing Flus

As noted in the previous discussion, most R&D performing insti-
tutions also provide financing for R&D within their own institutions
as well as in other institutions. An overview of the flows of financial
resources for R&D in 1978 is provided by tables 2-5. (NSF, 1978 A)
These tables do not include funding for non-R&D innovation expenses.

Table 2 indicates that industry receives one-third of its R&D financ-
ing from the Federal Government and finances the other two-thirds
itself. The private firm finances the later stages of innovation-
the tooling, manufacturing start-up, and marketing start-up- en-
erally from retained earnings, but sometimes with loans or equity debt.
There is little information about the proportion of innovation
expense financed through capital markets, but it is probably small,
because the uncertainty involved in innovation projects is too high for
most financial institutions to undertake. (Freeman, p. 225)

TABLE 2.-INTERSECTORAL TRANSFERS OF FUNDS USED FOR PERFORMANCE OF RESEARCH AND DEVELOPMENT: I
1978 (ESTIMATED)

[Dollar amounts in millions)

Performers

Universities Other Percent
Federal and Associated nonprofit distribution,

Sources of funds Government Industry' colleges a FFRDC's4 institutions a Total sources

Federal Government -6, 565 $11, 750 $3, 075 $1, 375 $1, 050 $23, 815 50.4
Industry - -5 21, 500 150 - -130 21, 780 46.0
Universities and colleges - - - 1, 000 ---------- - --- 1, 000 2.1
Other nonprofit institutions - -360 - 5 340 700 1.5

Total -6, 565 33, 250 4, 585 1,375 1, 520 47, 295 .

5,960

Percent distribution, per-
formers -13.9 70.3 9.7 2.9 3.2 -100.0

12.6

I All data are estimated from reports by performers.
2 Expenditures for federall funded research and development centers (FFRDC's) administered by both industry and by

nonprofit institutions are included in the totals of their respective sectors. FFRDC's are organizations exclusively or sub -
stantially financed by the Federal Government to meet a particular requirement or to provide major facilities for research
and training purposes.

a Includes agricultural experiment stations.
'Federally funded research and development centers (FFRDC's) administered by individual universities and colleges

and by university consortia.
f Includes State and local government funds.

Source: Nationa; Science Foundation.
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TABLE 3-INTERSECTORAL TRANSFERS OF FUNDS USED FOR PERFORMANCE OF BASIC RESEARCH:' 1978
(ESTIMATED)

[Dollar amounts in millionsl

Performers

Universities Other Percent
Federal and Associated nonprofit distribution,

Sources of funds Government Industryn colleges' FFRDC's' institutions' Total sources

Federal Government $975 $225 $2, 265 $410 $315 $4, 190 69.3
Industry - -750 85 -- 60 895 14.8
Universities and colleges - - - 5 600 - - - 600 9.9
Other nonprofit institutions - - - 215 - - 145 360 6.0

Total -975 975 3, 165 410 520 .

3,575 6,045

Percent distribution, per-
formers -16.1 16.1 52.3 6.8 8.7 -100.0

59.1

'All data are estimated from reports by performers.
a Expenditures for federally funded research and development centers (FFRDC's) administered by both industry and by

nonprofit institutions are included in the totals of their respective sectors. FFRDC's are organizations exclusively or sub-
stantially financed by the Federal Government to meet a particular requirement or to provide major facilities for research
and training purposes.

' Includes agricultural experiment stations.
4 Federally funded research and development centers (FFRDC's) administered by individual universities and colleges

and by university consortiae
' Includes State and local government funds.
Source: National Science Foundstlon.

TABLE 4.-INTERSECTORAL TRANSFERS OF FUNDS USED FOR PERFORMANCE OF APPLIED RESEARCH:' 1978
(ESTIMATED)

[Dollar amounts in millions]

Performers

Universities Other Percent
Federal and Associated nonprofit distribution,

Sources of funds Government Industry' collegess FFRDC'si institutions' Total sources

Federal Government - $2, 285 $1,500 $675 $460 $365 $5, 285 49.3
Industry - - 54,750 55 -- 45 4,850 45.2
Universities and colleges - - - 340 --- 340 .3
Other nonprofit institutions - - - 120 - - 5 130 250 .2

Total- 2,285 6,250 1,190 460 540 10,725

1,650

Percent distribution, per-
formers -21.3 58.3 11.1 4.3 5.0 -100.0

15.4

All data are estimated from reports by performers.
2 Expenditures for federally funded research and development centers (FFRDC's) administered by both industry and by

nonprofit institutions are daded in the totals of their respective sectors. FFRDC's are organizations exclusively or sub-
stantially financed by the Federal Government to meet a particalar requirement or to provide major facilities for research
and training purposes.

' Includes agricultural experiment stations.
4 Federally funded research and development centers (FFRDC's) administered by individual universities and colleges

and by university consortia.
O Includes State and local government funds.
Source: National Science Foundation.
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TABLE 5.-INTERSECTORAL TRANSFERS OF FUNDS USED FOR PERFORMANCE OF DEVELOPMENT:' 1978
(ESTIMATED)

IDollar amounts in millionsl

Performers

Universities Other Percent
Federal and Associated nonprofit distribution,

Sources of funds Government Industry2 colleges3 FFRDC's4 institutions
5 Total sources

Federal Government .- $3, 305 $10, 025 $135 $505 $370 $14, 340 47.0
Industry - - a 16, 000 10 - -25 16, 035 52.5
Universities and colleges - - -60 - - -60 .2
Other nonprofit institutions - - -25 - - 65 90 .3

Total- 3, 305 26, 025 230 505 460 30, 525 .

735

Percent distribution, per-
formers -10.8 85.3 .8 1.6 1.5 - 100.0

2.4

1 All data are estimated from reports by performers.
2 Expenditures for federally funded research and development centers (FFRDC's) administered by both industry and by

nonprofit institutions are included in the totals of their respective sectors. FFRDCs are organizations exclusively or sub-
stantally financed by the Federal Government to meetsa particular requirement or to provide major facilities for research
and training purposes.

Includes agricultural experiment stations.
' Federally funded research and development centers (FFRDC's) administered by individual universities and colleges

and by university consortia.
6I1ncludes State and local government funds.

Source: National Science Foundation.

The question of capital availability is especially critical to the start-
up of new, high-technology firms. A recent study by the Charles River
Associates showed that such companies are more dependent on equity
capital than other small businesses. Some specialized venture capital
investment companies do exist, but they do not generally fund R&D
or business start-ups. (Bean et al.) Wealthy individuals and relatives
are one of the largest sources of outside capital for new, high-technol-
ogy companies.

The access of particular industries to capital is critical. If basic in-
dustries such as steel cannot attract sufficient capital to construct new
facilities or replace equipment they will not be able to undertake sig-
nificant innovation. Inability to keep up with technological change
may impair the industry's competitiveness and may have broader re-
percussions throughout the economy. The availability of investment
capital decreased in the 1970's with potentially serious implications for
technological progress. This problem seems to have been partially
alleviated, however, by the Tax Reform Act of 1978.

D. Information Flow8

Many studies have focused upon the importance of scientific and
technical information to the innovation process. In-house R&D activi-
ties are not the only source of information for innovation. Other
sources are the personal experience and knowledge of scientists and en-
gineers, scientific papers and textbooks, and operating materials and
handbooks. Much information of importance to innovation is obtained
from outside the firm, primarily from universities, government labora-
tories, and other firms. In three studies of innovation undertaken in
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the United Kingdom, it was found that the primary source of informa-
tion inputs to industrial innovation from outside the firm were: In-
dustry, government-funded laboratories, and universities. In all three
studies, more than 45 percent of the knowledge from outside sources
came from government-funded technological institutes and universi-
ties. (Pavitt and Walker) These and other studies provide consider-
able evidence of a positive relation between successful innovation by
industrial firms and their use of external information sources. (NSF,
1978 D, p. 2)

Firms have an incentive to rely on their own resources and in-
formation because they desire to maintain a monopoly position with
respect to the technological know-how. A tendency to rely on internal
information becomes more pronounced as the innovation approaches
commercialization. (Myers and Marquis) Since effective use of outside
information is important for successful innovation, excessive self-re-
liance may be self-defeating, however.

Existing studies of information inputs to innovation are mainly in
R&D intensive industries. In contrast, a Dutch study of materials han-
dling industries "found that neither innovative nor non-innovative
firms make much use of external sources of knowledge, either from
universities or from Government-funded institutes and laboratories."
(cited in Pavitt and Walker, p. 24) Moreover, in industries where the
rate of technological change is slow, the firm may have less need for
information about its external environment. (Blandin and Brown,
Taylor and Utterback)

Small firms make less use of outside sources of scientific and techno-
logical information than large firms, because they have fewer outside
contacts and are less well equipped to monitor and use written scientific
and technological information. Studies in England and France found,
among firms making significant innovations, that a higher percentage
of innovative ideas originated within the firm-as opposed to outside
the firm-in small firms than in large firms. (Pavitt and Walker, p. 24)

E. The Policy E'nvironment

Industrial firms operate within an environment of public policies
that may affect their incentive and ability to innovate. Although the
primary objectives of most public policies do not concern industrial
innovation, they frequently have unintended impacts because they
modify institutions and incentives involved in innovation. Some un-
intended policy effects are undoubtedly important, such as general eco-
nomic policies that affect the future outlook for return on investments.
Concern has been expressed that Federal policy is becoming a major
obstacle to industrial innovation, especially tax policy and health,
safety, and environmental regulations. (NSF, 1976) President Carter's
Domestic Policy Review of Industrial Innovation was initiated in re-
sponse to such concerns. Unfortunately, the research base in this area is
weak and little is known about how Government policies affect indus-
trial innovation. This broad and complex area is very important for
innovation policy and further research is urgently needed.

The patent system deserves special mention because it is so closely
associated with invention and innovation. The objective of the patent
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system is to foster technological progress. It does this by granting a
temporary monopoly (17 years) for inventions so that the inventor will
have an incentive to commercialize it without fear that competition will
immediately take away the profits. The temporary monopoly is granted
in exchange for the publication of the invention and the information
necessary to reproduce it.

There is debate whether the patent system encourages innovation.
Pavitt and Walker summarized some of the pro and con arguments:

On the one hand, it is argued that, in addition to encouraging Invention and
innovation, the patent system ensures that important scientific and technical in-
formation is not kept secret, and enables small Inventive firms to be protected
against big ones. On the other hand, it is argued that-in conditions of oligopoly-
firms in most (if not all) industrial sectors would have an incentive to innovate
with or without a patent system. In addition, the patent system results in some
important information being kept secret, patent pools owned by large firms are an
effective barrier to competition by new entrants, and economically and socially
unjustifiable benefits accrue to innovators at the expense of imitators and con-
sumers. (p. 37)

The importance of patent rights to innovation appears to vary from
industry to industry. (NSF, 1976) Patents may be more important to
small firms and independent inventors than to large firms, presumably
because the former have few other ways to protect their innovations
from encroachment. (Freeman) Patents also may be more important
for product innovations than for process innovations because informa-
tion on process innovations is more easily kept secret. (SAPPHO)

Recently there has been discussion of the weaknesses of the U.S.
1)atent system. (Industrial Research Institute) There appears to have
been a decline in the perceived utility of patents in some industries,
perhaps due to these weaknesses. Evidence exists that firms are making
more use of trade secrets and "black-boxing" or "potting" their techno-
logical know-how. (D. Shapley) For the period 1965-1974, domestic-
origin U.S. patent applications remained essentially constant. (Depart-
ment of Commerce, p. 38)

It may be wondered why the U.S. patent system grants a patent life
of 17 years, when those granted by some other countries are shorter and
others are longer. A longer patent life is often claimed to be a bigger
incentive to invent and introduce the invention. Theoretical models in-
dicate that, to the extent that firms respond to patent incentives, the
rate of introduction of innovations increases as patent. life increases.
(NSF, 1976, p. 27)

VII. INNOVATION TIME LAGS

The process of innovation occurs over time. Concern that innova-
tion does not happen fast enough frequently is acompanied by a
desire to "speed up" the innovation process. For instance, in 1976 two
reports commissioned by the President's Biomedical Research Panel
addressed the reasons for time lags in biomedical research and how
they could be shortened. The author of one of these reports stated:

Lags can be too short, too long, or just right. They are too short when their
application becomes widespread before limitations and risks are fully known;
they are too long when all the necessary knowledge is at hand but it is not applied
to clinical medicine or surgery; they can be just right-even though the lag is
long in years-when many completely unforeseen discoveries (e.g., X-rays, peni-
cillin) are needed for the final clinical advance. (Comroe, p. 33)
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A. The Concept of Innovation Time Lag8

Existing studies of innovation time lags have been based on small
samples of innovations and plagued with conceptual problems. Time
lags in the generation of innovations appear to vary widely, with some
of the variation explained by industry differences. Figure 4 is a graphic
representation of the findings from several studies. (Mogee)

Establ f hyet o f
Conception of Te-1nT.cl Feasibtiity BegtoR of Introduction ltot

Ide s (E.o.. Lynn. Mtn Rid Comerr-Io evelop mket or U.e
(Battelle, Alle") sod others) (M...field. Ly.n. Allen) (Eo-, Lynn, M- i told,

Battelle, TRACES)

0 1 2 3
Hypothetical
Innovation
Process

Battelle

Allen

Enos

Mansfield & others

Lynn

Mansfield

TRACES

Battelle.. 1976

19.2 !

18

11-14

5.0

26
-, 19 . 7

4.7

7 9

10

FIGURER 4.-Average Innovation Time Lags in Years

The concept of time lag rests on shaky foundations because of the
multiple origins of innovations. It is usually difficult to designate a
single scientific discovery or idea on which an innovation is based. In
the research stage, and even up to the point of a patented invention,
there may be several lines (possibly competing) that have contributed
toward the successful introduction of the innovation. In practice, dif-
ferent researchers have assigned different lags to the same innovation.

The concept of the innovation time lag has little meaning unless it
accounts for the amount and quality of effort per unit time expended
and the nature of the activities being performed in any given period.
In the case of innovations that take many years, there are frequently
long periods when no innovative activity is going on because a tech-
nical limit has been reached; important related materials, components,
or technologies have not been developed; or the economic conditions do
not justify development.

Time is an important factor in the innovation process which, to some
extent, may be traded off with costs. For instance, it is common prac-
tice to put more people to work on a project in order to hasten its
completion. Mansfield found that a decrease in project duration was
commonly associated by engineers with increased costs. (1971, p. 156)
Utterback concluded that there is an adverse relationship between time
and cost, and technical quality. Achieving a given technical advance
in a reduced period of time generally results in much higher costs.
(p. 624) Freeman, commenting upon the time-cost trade-off, noted
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that cost overruns are more frequent in military projects than time
overruns, while the opposite is true in civilian projects. This suggests
that some flexibility exists as to whether time or cost will be the gov-
erning factor in a given project.

B. Increasing or Decreasing Lags

An issue frequently addressed is whether innovation time lags have
been increasing or decreasing over the years. Galbraith believes that
today's technologies require increased time for development. On the
other hand, innovations studied by Lynn seemed to indicate that the
time required for innovation was growing shorter. Mansfield, in a
study of the pharmaceutical industry, found a slight, but not statisti-
cally significant, decrease. After accounting for the effects of the
source of innovation and product category through regression analy-
sis, the date of introduction was found not to be statistically significant
in determining time lag. The Battelle group concluded that their
small sample of innovations provided no evidence of decreasing lag
times. In fact, they pointed out that two of the most recently realized
innovations had the longest time spans.

Langrish et al. provide a compelling critique of many of these
studies, and argue that it is impossible to observe anything but rela-
tively short time lags for recently conceived innovations. Our per-
spective when looking at recently conceived innovations allows us
to identify only those innovations which have already been introduced
into the market, although there may be inventions which have con-
ceived but which will bear fruit only after the study. Langrish et al.
conclude that data from existing studies are inadequate to show
decreasing lag times over the years.

It is Possible that different factors work in different ways. Modern
marketing may have reduced waiting periods, however, invention
and innovation may be more difficult and take longer these days.

C. Camses of Lags

Another issue in the study of innovation time lags is the cause
of the lags and of differences in lags. Some of the research findings
will be reviewed here. Lynn found that innovations creating new
industries took longer than innovations developed in existing indus-
tries; consumer innovations took a shorter time than capital equip-
ment innovations; and innovations developed with government funds
took less time than those developed with private funds. Enos found
that mechanical innovations took the shortest time, electrical the
longest, with chemical and pharmaceutical innovations falling in
between. Enos and Mansfield found that the lag is shorter when the
inventor and innovator are the same.

Langrish et al. studied several factors causing delay in innovation
in Great Britain. The most frequently occurring causes of delay were
the failure of a related technology to be sufficiently developed and
the lack of a market or expressed need. A shortage of resources was
the most frequent delaying factor for innovations representing a large
technological change, but was less frequent for small changes.
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Comroe listed 17 causes of lags between the initial discovery and
clinical application of innovations to cardiovascular pulmonary
medicine and surgery. Some important causes included:

Scientific discoveries that were too early for their time-that
is, not appreciated by the scientific community;

The necessity for many steps to be taken from initial discovery
to clinical application and the occurrence of early, discouraging
failures;

The lack of a perceived need for the application;
Lags in physician and patient acceptance and utilization; and
Lags in governmental regulatory agencies.

A 1976 Battelle study of biomedical advances concluded that the
degree of interest exhibited by the biomedical research community
and the presence or absence of supporting biomedical or nonbiomedical
technology were the dominant factors in cases of longer-than-median
duration.

Findings with respect to innovation time lags should be regarded
with skepticism, based as they are on flimsy conceptual and emperical
foundations. Lags are to some extent unavoidable and in many cases
serve a useful function. Nevertheless, an improved understanding of
the time required for innovation projects, the causes for delays, and
the trade-offs between time, costs, technical quality, and unanticipated
effects is certainly to be desired.

This concludes the review of knowledge about the process of tech-
nological innovation in industry. The Special Study on Economic
Change, of which this paper is a part, has taken a future-oriented per-
spective in investigating industrial innovation and its potential impact
on the U.S. economy and society. There is no guarantee that innovation
will continue to function in the manner revealed in this review of exist-
ing knowledge. Alterations in the functioning of innovation are likely
in view of the uncertainties that surround innovation and the changes
that are occurring in many of the economic and social factors known to
influence innovation. One of the chief concerns of technology policy-
makers today is the fear that innovation is not proceeding with the
same vision and vigor as it has in the past. Yet our knowledge of the
past is one of our few guides to the future. Thus, while this paper can-
not predict the future, it can help policymakers deal with industrial in-
novation issues in the future. It is hoped that this paper will alert
policymakers and analysts working with specific innovation policy
proposals to the kinds of issues that should be investigated, provide
them with some broad hypotheses about the likely impact of policies on
innovation processes, and generally make them aware of the complex-
ity and possible pitfalls of the area.
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SUMMARY

This paper presents an overview of what is known about the re-
lationship of federally supported basic research in universities to in-
dustrial innovation and productivity. It reviews evidence in three
areas which bear upon this issue: the conceptual relationship between
science and technology; the nature of university-industry relations;
and economic studies of the contribution of research and develop-
ment (R&D) to economic and productivity. The paper reveals that
there is widespread 'agreement among university, government, and
industrial officials that Federal support of basic research in universi-
ties is an effective method of enhancing the science base for indus-
trial innovation. However, economic studies have been unable to iso-
late the precise quantitative contribution of basic research (as op-
posed to applied research and development) to economic growth and
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productivity. The existence of institutional barriers between univer-
sities and industry may be obstructing the transfer of basic research
results to industry, thereby preventing them from being embodied
in new technology and contributing to improved economic produc-
tivity. The paper concludes that Federal funding of basic research
in universities may be viewed as an investment that will have payoff
primarily in improved efficiency of the R&D process and major tech-
nological changes that may permit continued improvements in eco-
nomic productivity in the long-term future.

I. INTRODUJCTION

This paper reviews what is known about the relationship of Fed-
eral support of basic research in universities to industrial innovation
and productivity. Interest in this topic stems from growing concern
about the state of industrial innovation and economic growth in the
United States, witnessed, for example, by recent presidential Domes-
tic Policy Review for Industrial Innovation. One of the primary
issues is that of identifying appropriate and effective ways in which
the Federal Government may act to stimulate innovation and produc-
tivity.

Direct support of research and development (R&D) and, in par-
ticular, basic research is a well-established area of Federal activity.
The Budget of the United States Government, Fiscal Year 1980,
stated the rationale for Federal support for basic research:

The fundamental knowledge obtained through basic research improves man's
understanding of natural laws and phenomena, of the environment on earth and
in space, and of living things. The special role of universities and colleges in
the conduct of basic research ensures a flow of trained scientists and engineers
for the future. The results of basic research provide the foundation for applied
research directed toward practical applications. Thus, basic knowledge is es-
sential for the understanding and long-term solution of problems in many areas
of national concern, such as economic growth, health, agriculture, energy
environment, and national defense.'

Basic research performance in the United States is concentrated in
the universities and colleges. In fiscal year 1978, about 60 percent of
total national basic research was performed in universities, colleges,
and associated federally funded R. & D. centers (FFRDCs). The
Federal Government funded about 70 percent of total national basic
research, and about 64 percent of Federal funding for basic research
went to universities, colleges, and associated FFRDCs.2

Although there is widespread belief among university, government,
and industry officials that Federal support of basic research in uni-
versities is an effective method of enhancing the science base for inno-
vation in industry (which in turn contributes to improved produc-
tivity), there is very little empirical evidence that bears directly on
the topic. Therefore, this paper reviews and synthesizes diverse evi-
dence relevant to selected aspects of the topic.

The implicit model used in this paper is the following:

1 U. S. Office of Management and Budget. "The Budget of the United States Government,
Fiscal Year 1980." Washington. U.S. Government Printing Office. 1979, pp. 117-118.

2 U.S. National Science Foundation. National Patterns of R. & D. Resources, Funds and
Personnel in the United States, 1953-1978-79. Washington, U.S. Government Printing
Office, 1978. (NSF-313), p. 4.
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A word of caution with respect to models of the innovation process is
in order. Many models of the process of technological innovation and
its contributions to economic productivity have been suggested.3 These
models often postulate a linear progression from basic research,
development, manufacturing and marketing start-up, to sales, and eco-
nomic growth. The first annual Science and Technology Report de-
scribed the process in the following terms:

Research advances scientific knowledge, which, in turn, enhances the intellect-
ual skills individuals bring to their work and provides a source of ideas for inno-
vative technologies. These technologies lead to new and improved products,
services and production processes. They in turn contribute to a more satisfactory
life style and enhance the working skills of individuals.'

These models are admittedly oversimplified; in real life the progress
of an innovation is never that straightforward. Somtimes stages are
shortened, skipped, or overlapped. Sometimes a retreat must be made
to more fundamental work. The activities may occur in different or-
ganizations or different countries, involve different persons, and long
periods of time may elapse between activities. There are frequently
multiple paths of activity leading to an innovation. This adds up to a
complex and uncertain process about which we can make few general-
izations at aggregate levels.

As primitive as they may be, however, such models provide some
conceptual guidelines for investigation of important areas. Hence,
the next three sections of this paper will examine evidence relevant to
the following relationships: (1) The relationship between basic re-
search and industrial innovation; (2) the relationship between indus-
trial innovation and economic productivity; and (3) the relationships
between universities and industry.

II. THE RELATIONSHIP OF BASIC RESEARCH TO INDUSTRIAL INNOVATION

This section of the paper examines evidence relevant to the relation-
ship of basic research to industrial innovation, the primary path by
which basic research may influence economic productivity. It discusses
the differences between science and technology and the two main
modes of transfer of basic research results to industrial innovation:
(1) The transfer of scientific information through publications, re-
ports, and other channels, and (2) the education of scientists and
engineers.

I Industrial innovation responds to at least three kinds of factors-economic, scientific/
technological, and institutional. This paper concentrates on the scientific/technological
factors, specifically on basic scientific research, but it should be recognized that the in-
fluence of these factors is always conditioned by the economic and institutional context.
For instance, as will be discussed later, the contribution of basic research to technological
innovation may be more direct and immediate when there is a demand for the innovation
and there are few institutional barriers to the transfer of scientific information.

' U.S. National Science Foundation. Science and Technology: Annual Report to the
Congress. Reorinted by the House Committee on Science and Technology. 95th Congress,
2d session. Washington, U.S. Government Printing Office, 1978, p. 58.
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A. Differences Between Science and Technology

Basic research may be regarded as a process that contributes to the
process of industrial innovation, culminating in the introduction of
new and improved commercial products and processes. Basic research
produces scientific knowledge aimed at understanding natural phe-
nomena, while industrial innovation is aimed at applying knowledge
to problem-solving for commercial objectives. This distinction paral-
lels that between science and technology. Science and technology may
be viewed as the two ends of a spectrum of scientific activity. Econo-
mist Richard Nelsen commented upon the differences between the basic
and applied ends of this spectrum:

Moving from the applied-science end of the spectrum to the basic-science end,
the degree of uncertainty about the results of specific research projects increases,
and the goals become less clearly defined and less closely tied to the solution of
a specific practical problem or the creation of a practical object. The loose
defining of goals at the basic research end of the spectrum is a very rational
adaptation to the great uncertainties involved and permits a greater expected
payoff from the research dollar than would be possible if goals were more closely
defined. For commonly, not just sometimes, in the course of a research project
unexpected possibilities not closely related to the original objectives appear, and
concurrently it may become clear that the original objectives are unobtainable
or will be far more difficult to achieve than originally expected. While the direc-
tion of an applied research project must be closely constrained by the practical
problem which must be solved, the direction of a basic research project may
change markedly, opportunistically, as research proceeds and new possibilities
appear. Some of the most striking scientific breakthroughs have resulted from
research projects started with quite different ends in mind.5

Nelson and others have argued that basic research is more likely
than applied research to result in significant breakthroughs in scien-
tific knowledge because it is less concerned with practical problems."
Evidence to support this view, however, is inconclusive. On the other
hand, basic research has some qualities that make it less desirable as
an investment for industry than applied research. Significant ad-
vances in scientific knowledge often are of value in a wide range of
fields, but a specific industrial firm may be unable to benefit from the
results of basic research unrelated to its underlying technologies.
Moreover, scientific knowledge is difficult to keep secret or protect, so
competitors may benefit from it as much as the originator. Further,
significant advances in scientific knowledge aften are not directly
and immediately applicable to the solution of practical problems.7

Basic research may be viewed as contributing to a pool of scientific
knowledge which may be drawn upon by all for different purposes.
However, because the benefits may not be appropriable, there is little
incentive for commercial firms to finance basic research. "Indeed,"
Nelson concluded, "there is a basic contradiction between the condi-
tions necessary for efficient basic research-few or no constraints on
the direction of research with full and free dissemination of research
results-and full appropriation of the gains from sponsoring basic
research in a competitve economy." 8

5 Nelson, Richard. The Simple Economics of Basic Scientific Research. In Rosenberg,
Nathan (ed.) The Economics of Technolo ical Change. Baltimore Penguin Books 1971.
pp. 153-154. Reprinted from Journal of Political Economy, v. 67. June 1959: 297-306.

* Ibid., p. 154.
7 Ibid., pp. 155-156.
' Ibid. pp. 160-161.
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Basic scientific research has another side to its character which re-
moves it even further from the concerns of technology and industrial
innovation. That is the aspect of scientific research which is regarded
primarily as a cultural activity, rather than an activity oriented to-
ward something commercially useful. It may be argued that some of
the motivations of scientists are similar to those of artists and other
humanists, and that one of the bases for societal support of science is
that it is one of man's higher cultural activities. For this reason, as
well as the ones enumerated above, the characteristics of basic re-
search, make it more consistent with the objectives of institutions of
higher learning-the production and transmission of knowledge-
than with the objectives of industry-the production of goods and
services for profit.

B. Studies of the Relationehip Between Science and Technology

It is frequently claimed that the rate and character of scientific ad-
vances have significantly affected the rate and character of tech-
nological advances, especially in recent times. This is said to be par-
ticularly so for major advances in technology, as opposed to minor
improvements.9 Specific cases have been cited where basic research
has led to major technological advances, such as transistors, nylon,
dacron, hybrid corn, and radar.

In some cases the lack of scientific knowledge has held up the inven-
tion and introduction of important products. Nelson, Peck, and Kala-
chek argued that:

... there was strong demand for products such as antiseptics and the telephone
long before their invention. Had they been invented years before, there is little
doubt that they would have been profitable. In both cases there is no question
but practical experience played a role in posing the problem and in suggesting
eertain aspects of the solution. But in each, an essential part of the thinking
which triggered the efforts at invention and was applied to solve the problem
involved scientific understanding which did not exist before, the germ theory
of infection in one case, the theory of electromagnetism in the other.'0

In the 20th century whole industries based on science have grown
up, such as the chemical, electronics, and aviation industries. It is
argued that science is necessary to provide the basis for new indus-
tries of the future which will replace older industries of lower pro-
ductivity. Science is sometimes pictured as the "engine" of technology,
without which technological progress would eventually slow down and
stagnate.

Nelson, Peck, and Kalachek argued that major technological ad-
vances come more easily in the science-based industries because of
the large and continuing effort they put into basic and exploratory
research.1" Hamberg expressed the opinion that when an industry
draws upon a well-developed basic science, R&D costs are lower.12

9 Mansfield, Edwin. The Economics of Technological Change. New York, Wiley, 1Y6b,
pp. 11-12.

15 Nelson, Richard, Merton Peck, and Edward Kalachek. Technology, Economic Growth,
and Public Policy. Washington, The Brookings Institution, 1967, p. 39.11 Ibid.,p 3

12 Hamberg, Daniel. Invention in the Industrial Laboratory. Journal of Political Economy,
V. 71, April 1963: 95-115.
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Nelson explained why this should be so:
In the activity of invention, as in most goal-directed activities, the actor has

a number of alternative paths among which he must choose. The greater hisknowledge of the relevant fields, the more likely he will be eventually to find
a satisfactory path, and the fewer the expected number of tried alternatives
before a satisfactory one is found. Thus, the greater the underlying knowledge,
the lower the expected cost of making any particular invention.

It is widely believed by students and practitioners of science and
technology that improved scientific knowledge helps narrow the range
of technological possibilities that must be explored to achieve a de-
velopment, thus increasing the efficiency of the innovation process,
but, again, the evidence is inconclusive.

Although the emphasis of this paper is on the contribution of
science to technology, it should be remembered that the relationship
between science and technology is not necessarily a simple or linear
one of causation. For example, the attempt to understand the prin-
ciples of performance of the steam engine gave rise to the discovery
of the laws of thermodynamics. Technology may stimulate science
through the provision of new materials, instruments, and problems for
study. Moreover, technology is to a considerable extent self-contained
in the sense that it builds on a body of engineering or production
knowledge.

1. TRANSFER OF BASIC RESEARCH RESULTS THROUGH COMMUNICATION

Since the middle 1960's there have been several studies of the trans-
fer of basic research results through channels such as oral and written
communications. In 1965, based on an examination of citations in scien-
tific and technological journals, Price concluded that science and tech-
nology progressed largely independent of one another." Project Hind-
sight, sponsored by the Department of Defense, found basic science
inputs to be of little importance to technological developments.15 How-
ever, this may have been due to the short time period studied. Two
other studies-TRACES and Interactions of Science and Technology
in the Innovative Process-found basic research to be crucial to the
innovations studied.' 6 TRACES found that, on average, 30 years
elapsed between basic research events and their technological appli-
cation. A 1974 study by Gibbons and Johnston found that, of 900
knowledge inputs to 30 innovations, more than one-third of those in-
puts from outside the firm were from the scientific literature.' 7 That
study concluded that basic scientific research contributed to industrial
innovation, both directly-through the transfer of information rele-
vant to specific innovations via scientific literature or contact with basic

" Nelson, op. cit., p. 152.A Price D. J. DeSolla. Is Technology Independent of Science? Technology and Culture,v. 6, 1965: 553-568. Cited in Thomas a. Allen, Managing the Flow of Technology, cam-bridge, Mass., MIT Press, 1977, p. 51.
15 Isenson, Raymond S. Project Hindsight. Final Report. Report to the Office of theDirector of Defense Research and Engineering, 1969. National Technical InformationService, mimeo.
'X Ilinois Institute of Technology Research Institute. Technology in Retrospect andCritical Events in science. Prepared for the National Science Foundation under contractNSF-C535, 1968. And Battelle-Columbus Laboratories. Interactions of Science and Tech-

nology in the Innovative Process. Final Report. Prepared for the National science Founda-
tion under contract NSF-C667, 1973.

17 Gibbons, Michael, and Ron Johnston. The Role of Science in Technological Innovation.
Research Policy, v. 3, 1974: 237-238.
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research scientists-and indirectly, through the education and main-
tenance of expertise of industrial engineers.

A recent study of citation patterns in patent applications for prosta-
glandins and gas lasers found strong ties to the scientific literature' 8

Eighty percent of the references from prostaglandin patents to all
sources (patents, scientific journal articles, and miscellaneous sources)
were to papers in scientific journals and about one-third of the refer-
ences in gas laser patents were to scientific journals.19 Moreover, the
scientific literature cited was relatively recent:

The median age of the cited papers from the prostaglandin patents was about
six years, two years older than the median age for papers cited by typical chemi-
cal papers. The gas laser patents cited literature with a median age of only three
years, two years younger than the median age of papers cited by typical physics
papers.20

Innovation researcher Thomas Allen has suggested that a
long time lapse ordinarily occurs between a scientific advance and
a technological advance that utilizes it. This delay however, may be
significantly shortened under certain conditions-specifically, when
a technolooy has advanced to a limit at which an improved under-
standing o the basic science involved is required; when the problem
is communicated by technologists to basic scientists in terms of a basic
*research problem; when the scientists attack and resolve the problem;
and when the solution is passed back into the technology immediately.
Thus direct and immediate application of basic research to technology
seems.to occur when the technological problem is the driving force
and can be translated into an interesting and researchable basic science
problem.2"

2. TRANSFER THROUGH EDUCATION OF SCIENTISTS AND ENGINEERS

Many students of innovation believe that a large part of the effect
of basic research upon industrial innovation is made through the
education of industrial scientists and engineers.22 Much of the flow
of scientific and technical information into the industrial firm is
"person-embodied." It has been found that the communication of a
teacher to students and the movement of graduates into industry are
among the most effective channels of information transfer.23

Gibbons and Johnston, writing about Europe where there are dis-
tinct educational programs oriented either towards industry or
academia, found that the type of education which predominates in an
industry partly determines the types of innovations undertaken. Those
with predominantly industry-oriented education are limited to seeking
solutions to problems that lie within their educational training or
industrial experience, while those with predominantly academic train-
ing have the ability to-try a wider range of solutions.24

"Carpenter, Marp P., and Francis Narin. Utilization of Scientific Literature by U.S.
Patents. Cherry Hill, N.J., Computer Horizons, Inc., 1978. 62 p. Prepared for the National
Science Foundation under contract NSF PRM-7801694.

' Ibid., p. 30.
20 Ibid., p. Iv.
loAllen, op. cit., pi. 52-53.
12 Haeffner, Erik. The Innovation Process. Technology Review, v. 75, March/April 1973.
3 Shimshoni, D. Aspects of Scientific Entrepreneurship. (Thesis) Cambridge, Mass.,

Harvard University, 1966.
24 Gibbons and Johnston, op. cit., pp. 237-238.
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C. Summary

Basic research, because of its remoteness from commercial objec-
tives and the difficulty of appropriating its benefits, is not an attrac-
tive investment for industry, but it is well-suited to the academic en-
vironment. Thus, Federal support for basic research in universities
appears to take advantage of the natural capabilities of the univer-sities and provides funding where there is insufficient incentive for
private sector funding.

The contribution of basic research to industrial innovation usually
appears to be indirect and delayed, occurring largely through im-
proving the information and education of industrial scientists and
engineers. In cases where the contribution has been direct and immedi-
ate, it often has been stimulated by the existence of an urgent tech-
nological problem requiring improved scientific understanding. More-
over, the contribution may be more direct in cases where an indus-
trial technology is closely related to a scientific discipline, such as in
the chemical or electronics industries.

Although the contribution is usually indirect and delayed, science
seems to act as an "engine" of technology, without which specific in-
novations may be delayed or prevented and technological progress
may eventually stagnate. Basic research seems to reduce the cost oflater stages of R&D and innovation by providing improved knowl-
edge of the likely paths for development.

III. TmE RELATIONSHIp OF INDUSTRIAL INNOvATION TO PRODuCTrVrrY

This section reviews evidence relevant to the relationship of indus-
trial innovation to economic productivity, which is a measure of the
efficiency of economic production systems. Industrial innovation re-
sults in new and improved products and production processes which
improve productivity by increasing the amount of output per unit
input.

A. Re8earch. and Development and Economic Growth and
Productivity

While new products and processes may result from sources otherthan organized R&D (such as independent inventors and on-the-line
improvements), R&D is aimed specifically at developing new products
and processes, and data on R&D inputs are available. For these rea-
sons, most studies of the relationship of industrial innovation to pro-
ductivity have used R&D data.

Research and development activity is commonly defined to include
the activities of basic research, applied research, and development. To
the extent that basic research is included in R&D, the subject studies
are relevant to the question of the contribution of basic research to
productivity growth. However, R&D represents a spectrum of activity
in which basic research is at the most uncertain and least directed end,
and development is at the less uncertain and more directed toward
commercial objectives end. Thus, it is to be expected that applied re-
search and development will be more closely related to economic
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growth and productivity improvement than will be basic research. In
fact, most economic studies include only data on applied research and
development, because industry does little basic research.

Economic studies of the relationship between R&D and economic
growth and productivity have been made at the level of the individual
innovation, the firm, the industry, the economic sector, and the na-tional economy.25 In general they have attempted to: (1) Determine
the existence of statistical correlations between patterns of R&D ex-
penditures and patterns of economic growth and productivity im-
provement over time, or (2) calculate rates of return on investment in
R&D. It should be noted that statistical correlations do not prove
that cause-and-effect relationships exist; they merely show similar-
ities in patterns. Nonetheless, the existence of strong correlations rein-
forces theory. The findings of many studies suggest that there is a
significant relationship between R&D expenditures and economic
growth and productivity.

Most studies at the firm level use total expenditures on R&D as a
measure of R&D resources; this is generally expressed as a ratio of
R&D to total sales, or total current expenditures, and data are col-
lected over a number of years to minimize year-to-year variability.
Data collected by the National Science Foundation are the primary
source, although more detailed data are being developed by some
researchers.

The measure of "economic growth" at the firm or industrial level
is usually growth of sales or profits; at the national level it is increase
in the gross national product (GNP). This is a measure of the growth
of the Nation's economic output. Of more interest is the change in
economic productivity (output per unit input), which is a measure
of the efficiency with which inputs are converted into useful goods
and services. Inputs include labor, raw materials, capital (largely
plant and equipment), and common resources (e.g., air and water).
However, data on inputs other than labor are not generally available
on a disaggregated industry basis, so labor productivity (output per
person-hour) is used instead of total factor productivity.

1. MEASUREMENT AND METHODOLOGICAL PROBLEMS

There are many problems associated with the measurement of eco-
nomic output and productivity, particularly with the valuation of
inputs and outputs. Some of those that pertain specifically to R&D
will be discussed here.

The national income accounting method and other methods of ac-
counting for economic outputs have difficulty in dealing with qualita-
tive changes in outputs, as opposed to quantii ative increase in the pro-
duction of the same products. A large qualitative change would be
represented by a completely new product, such as the television when

25 This section draws heavily from the following National Science Foundation colloquia:U.S. National Science Foundation. Research and Development and Economic Growth/Productivity. Papers and Proceedings of a 'Colloquium. Washington. U.S. GovernmentPrinting Office, i972. (NSF 72-303) : and U.S. National Science Foundation. RelationshipsBetween R&D and Eocnomic Growth/Productivity. Preliminary Papers for a Colloquium.Draft, Nov. 9, 1977. Participants at the first colloquium reviewed the literature existingto that date. Participants at the second colloquium reviewed the literature appearing in theinterim. Findings of the second colloqutum tended to confirm the earlier ones.
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it was first introduced; a lesser change would be the introduction of
color television. The greater the degree of qualitative change, the more
difficult it is to account for it. This problem is particularly important
in measuring the benefits of R&D because R&D often leads to qualita-
tive chages in products and the introduction of new products. The
first annual Science and Technology Report stated "there is good rea-
son to believe that if qualitative factors were included, then the meas-
ured returns [to R&D] would be higher." 25

Other outputs that are generally not adequately accounted for in-
clude environmental quality, consumer and worker health and safety,
and possible harmful byproducts of new technology. This is because
they are not considered to be economic outputs. As a consequence, the
allocation of resources to achieve "noneconomic" objectives may result
in slow economic growth according to the national accounting methods.
Also, it should be noted that economic growth and productivity do
not measure the benefits of national programs such as defense, energy,
and space which account for a considerable proportion of R&D funds.

Another major problem with measures of economic growth and
productivity is that many factors affect them. Among these are: tech-
nological change, improved labor skills and education, increases in
capital intensity, improved organization of production, imported tech-
nology, or change in the social barriers to economic growth and effi-
ciency. The relative influence of these factors is not known with accu-
racy. There are reasons to believe that many of them are highly inter-
related, but the magnitude of the interrelations is not currently known.
This complicates the task of isolating the influence of technological
change.

Two general methods are used to determine the relationship between
R&D and economic growth: direct econometric methods (generally at
the level of the innovation, firm, or industry) and aggregate residual
methods (at the level of the national economy). The impact of R&D on
the economy cannot be understood fully by examining the relation-
ship at the firm or industry level because much of the payoff takes the
form of new or improved products which may raise productivity in
the industries that use them as inputs. For instance, new chemical
products have been a major source of productivity improvement in the
textile industry. Thus, it is not possible to determine the impact of
R&D on the national economy by simply summing studies of firms and
industries.

The process of measuring the contribution of R&D to economic
growth and productivity at the national level is one of elimination.
The growth which is attributable to increases in factor inputs, such as
labor and capital, is subtracted from that total. The residual (that
part of increase in output not attributable to increased factor inputs)
is then assumed to be the result of technological progress. "But in fact
the residual is growth resulting from a variety of couses, known and
unknown, measurable and unmeasured." 27 Only part of the residual
growth may be due to organized R&D.

26 Sclence and Technology: Annual Report to the Congress, p. 62.
27 Stewart, Charles T., Jr.. A Summary of the State-of-the-Art on the Relationship Be-

tween R&D and Economic Growth/Productivity. In U.S. National Science Foundation
Research and Development and Economic Growth/Productivity, op. cit., p. 14.
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The 1971 NSF colloquium listed additional limitations, including:
the difficulty of going from contributions of technological change to
the specific contribution of R&D; the problem of estimating the time
lag between R&D investment and economic impact; and the difficulty
in deflating R&D expenditures for price changes.28

2. SUMMARY OF FINDINGS

The methodological problems described above can have a significant
impact on the estimates one obtains. Two NSF colloquiums which ad-
dressed this issue (1971 and 1972) reported that little progress had
been -made in solving the basic measurement and modeling problems.29

Despite these problems, a review of the research literature on this
subject revealed in 1971, and again in 1977, that most studies point-
ed in a common direction. The 1971 colloquium summarized the general
understanding of the relationship between R&D and economic growth
and productivity as follows:

Although what we know about the relationship between R&D and economic
growth/productivity is limited, all available evidence indicates that R&D is animportant contributor to economic growth and productivity. Research to date
seeking to measure this relationship (at the level of the firm, the industry, andthe whole economy) points in a single direction-the contribution of R&D to
economic growth/productivity is positive, significant and high.'°

More recent studies, reviewed at the 1977 NSF colloquium, have
extended the coverage to more firms, more industries, and more recent
time periods. These studies tend to confirm the findings of the earlier
research that the contribution of R&D to economic growth and pro-
ductivity is high. The direct average gross rate of return on private
R&D expenditures appears to be 30 to 40 percent.3 ' While these returns
are high compared to alternative investments, the total effect on the
economy may be even greater due to the indirect benefits to users and
consumers. Recent research shows that the returns to society at large
substantially exceed the returns received by the firms performing
the R&D; the social rate of return seems to be about twice the private
rate of return."2

Stewart summarized the state of our knowledge at the aggregate
level in 1971:

... There is only one attempt to estimate the specific contribution of organizedresearch, Denison, and that can be best described as a guesstimate. His revisedjudgment is that the advance of knowledge contributed about 0.76 percentage
points to average annual productivity gain for the period 1929-1957, and thesame for 1950-1962. This accounted for 42 percent of total annual average
productivity gain for the longer period. Of this, however, Denison attributed onlyone-fifth, or 0.15 percentage points, to organized research conducted in the United
States. This estimate is derived from three other estimates: (1) that about one-half of the contribution of the advance of knowledge to productivity growth isaccounted for by technological progress, and one-half by managerial and or-

28Lederman, Leonard L. Summary of the Papers. In U.S. National Science Foundation.Research and Development and Economic Growth/Productivity, op. cit., p. 5.29 Mansfield, Edwin. Contribution of Research and Development to Economic Growth Ofthe United States. In U.S. National Science Foundation. Research and Development andEconomic Growth/Productivity, op. cit., p. 25.30 U.S. National Science Foundation. Research and Development and Economic Growth/
Productivity, op. cit., p. 3.

31 Nadiri, M. Ishaq. The Contribution of Research and Development to Economic Growth.In NSF, Relations Between R. & D. and Economic Growth/Productivity (1977). p, B-23.32 Mansfield, Edwin, et al. Social and Private Rates of Return from Industrial Innova-
tions. Quarterly Journal of Economics, v. 91, May 1977: 234.

56-367 0 - 81 - 18
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ganizational progress; (2) that no more than one-half the contribution of tech-
nological progress to productivity gains originate in the United States; and (3)
that organized research, captured by R&D statistics, is not the sum total of pro-
ductivity-relevant research conducted in the United States, but perhaps two-thirds
of it.,,

Denison has updated these findings through 1969; they indicate
that about 50 percent of measurable U.S. economic growth between
1948 and 1969 derived from advances in knowledge.34

B. Federally Funded R&D

Recent studies suggest that the relationship between R&D and eco-
nomic growth and productivity may differ by industry and by source
of funding. In particular, increasing attention has been paid to the
relative productivity-enhancing effects of privately- versus publicly-
funded R&D. Results based on firm and industry data seemito suggest
that the direct contribution of federally funded R&D to economic
growth is negligible. Moreover, its indirect or spill-over effect does
not appear to compare favorably with R&D funded by the private
sector. The specificity of federally funded R&D and its concentration
in a few defense or space-oriented industries are suggested as possible
explanations. 35 An exception to this pattern of findings is a study by
Chase Econometrics which reported high rates of return for public
expenditure on space-related R&D.36 A General Accounting Office
report, however, concluded that the Chase study may have overesti-
mated the returns.37

Finding that Federal R&D expenditures makes little or no con-
tribution to productivity appear to be contrary to widely held views.
In fact, examples can be cited of important innovations resulting
from Federal R&D in electronics, aerospace, and atomic energy. A
possible explanation for this apparent anomaly might be as fo lows:
since most Federal R&D expenditures have been made to further
Federal missions in such areas as space and defense, the resulting
technology has not primarily been used in the production of economic
goods-and services, thus making little contribution to productivity.
In a few selected areas, however, the technology has been transferred
to the private sector and has made a significant economic impact.
The findings should be regarded as preliminary at this time since
they may be due to measurement or methodological problems, or to
the high degree of concentration of Federal R&D funds in a few
industries.

C7. Basic Research 'and Produotivity

Economic studies provide little empirical evidence about the contri-
bution of basic research to productivity. Most studies at the industry

33 Steward, op. cit., Vp. 16-17.
3' Denison, Edward F. Accounting for United States Economic Growth, 1929-69. Wash-

Ington, D.C., The Brookings Institution, 1974. p. 128. Cited In Science and Technology:
Annual Report to the Congress, p. 58.

35 Nadirl, M. Ishaq, and Nestor Terleckyj at the 1977 NSF colloquium on Relationships
Between R&D and Economic Growth/Productivity.

33Evans. Michael K. The Economic Imnact of NASA R&D Spending. Final ReDort.
Chase Econometric Associates, Inc., Bala Cynwyd, Pa.. prepared for the National Aero-
nautics and Snace Administration under contract NASW-2741. 1976.

87 U.S. General Accounting Office. NASA Report May Overstate the Economic Benefits
of Research and Development Spending. Washington, 1977 (PAD-78-18).
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or firm level have been limited to measures of applied research and
development inputs, because very little basic research is conducted in
industry. Studies at the aggregate level have not partitioned the
contribution of organized research into its basic research, applied
research, and development components. Moreover, the lagtime used
in most studies is not long enough to capture the effects of basic
research. The first annual Science and Technology Report stated:

The value to society of basic research findings vis-a-vis applied research or
development results simply cannot be assessed in terms that will allow us to say
that basic research should have x dollars added to it or that y dollars should be
taken away from another phase of the R&D process. Therefore, we cannot
say whether or not an economy that devotes 9 percent of its R&D funds to
basic research and 69 percent to development (as was true in 1960) is better or
worse off than an economy that spent 13 percent of its R&D budget on basic
research and 65 percent on development (the case in 1977)."

Given the uncertain nature of basic research, its distance from
commercial objectives, and the long time to application, one would
not expect to find a strong, direct relationship between basic research
and productivity. Economists have posited two primary roles for
basic research: improving productivity of the R&D process itself and
improving national productivity in the long run. These will be dis-
cussed in turn.

Stewart argued that basic research raises the productivity of ap-
plied research and development by indicating fruitful paths of inquiry
and paths that should be avoided, thereby reducing costly mistakes
and wasted effort. Improved productivity in R&D is important to the
extent that it permits more efficient use of R&D funds. However, this
would show up as a very small contribution to productivity at the na-
tional level.39 Moreover, the contribution of basic research to improved
productivity in applied research and development has not yet been
measured. Stewart commented:

What you're really trying to do is to improve productivity of applied research
by increasing the pool of basic knowledge. Since you can't measure the produc-
tivity of applied research very well, I doubt that you're ever going to be able
to measure the contribution of basic research to raising the whole production
function for applied research."0

Basic research also appears to play a role in improving productivity
in the long run. Funds for applied research and development have a
higher probability than basic research of contributing to improved
productivity over the next five years, through embodiment in new or
improved products and production processes. The productivity in-
creases possible from improvements in any given technology will
gradually decrease over time and approach a lunit, however. Break-
throughs in scientific or technological understanding are often re-

qu dto make quantum jumps in productivity.41 Such breakthroughs
stem from basic research done 20 to 30 years previously.

Long-term productivity improvements may therefore depend heavily
on basic research funding today.

'3 Science and Technology: Annual Report to the Congress, p. 96.
3 Lederman, Leonard. Comment in Research and Development and Economic Growth/

Productivity, p. 69.
40 Stewart, op. cit., p. 67.
*1 See, for example, Hollander Samuel. The Sources of Increased Efficiency. Cambridge,

MIT Press. 1965; and Abernathy, William and James Utterback. Patterns of Industrial
Innovation. Technology Review. v. 80, June/July 1978. 41-48.
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A recent paper by Mansfield reports the results of what is believed
to be the first econometric study of the relation between basic research
and productivity at the level of firms and industries. 4 2 Those results
indicate a statistically significant and direct relationship between the
amount of basic research carried out by an industry or firm and its
rate of increase of total factor productivity, when its expenditures on
applied R&D are held constant. This study is preliminary and based
on data for 1958, so the results must be regarded as tentative. None-
theless, they appear to be at odds with theoretical expectations about
the productivity-enhancing potential of basic research. It should be
emphasized that this study referred to basic research performed by
,industry, not by universities. Basic research conducted by industry
may have more productivity-enhancing potential than that performed
in universities-if there is a tendency for the performing firm or
industry to exploit its own basic research more fully or if applied
research and development are more effective when carried out in con-
junction with basic research.

D. Summary

Despite methodological problems, economic studies point in a com-
mon direction: The contribution of R&D to economic growth and pro-
ductivity is high, the return to private investment in R&D is high
compared to alternative investments, and the return to society-at-large
is about twice the private return. However, these findings are based
primarily on data for applied research and development and, there-
fore, may not apply to basic research. The chief role of basic research
may be its contribution to improved efficiency (productivity) of the
R&D process itself, and its contribution to major-technological changes
that will permit significant increases in national productivity in the
long-term future. Preliminary evidence indicates that basic research
performed in industry may directly affect its productivity growth.

Preliminary evidence suggests that the payoff to federally-supported
R&D in the near term may. be low or negligible. Again, such findings
are based on data for applied research and development, but they could
be significant for Federal support of basic research. These findings,
however, should be regarded with caution until they are further con-
firmed or explained. It is possible that the apparently low payoff is
a function of concentration of Federal R&D in space and defense
industries.

IV. THE RELATIONsHIPS BETWEEN UNIVERSITIES AND INDUSTRY

This section of the paper reviews evidence on relationships between
universities and industry as they affect the transfer of basic research
results to practical applications.

A. Universities as Centers for Basic Research

A large portion of the basic research in the United States is per-
formed in institutions of higher education (60 percent in fiscal year

2 Mansfield, Edwin. Basic Research and Productivity Increase in Manufacturing. Phila-
delphia, University of Pennsylvania (mimeo), n.d.
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1978) .43 Bush in 1945 described some prevailing beliefs about the role
of universities in research and innovation. He stated:

The publicly and privately supported colleges, universities, and research in-
stitutes are the centers of basic research. They are the wellsprings of knowledge
and understanding. As long as they are vigorous and healthy and their scientists
are free to pursue the truth wherever it may lead, there will be a flow of new
scientific knowledge to those who can apply it to practical problems in Govern-
ment, in industry, or elsewhere.

Publicly and privately suported colleges and universities and the endowed
research institutes must furnish both the new scientific knowledge and the trained
research workers. These institutions are uniquely qualified by tradition and by
their special characteristics to carry on basic research. They are charged with
the responsibility of conserving the knowledge accumulated by the past, imparting
that knowledge to students, and contributing new knowledge of all kinds. It is
chiefly in these institutions that scientists may work in an atmosphere which is
relatively free from the adverse pressure of convention, prejudice, or commercial
necessity. At their best they provide the scientific worker with a strong sense of
solidarity and security as well as a substantial degree of personal Intellectual
freedom. All of these factors are of great importance in the development of new
knowledge, since much of new knowledge is certain to arouse opposition because
of its tendency to challenge current beliefs or practice.

Industry is generally inhibited by preconceived goals, by its own clearly defined
standards, and by the constant pressure of commercial necessity. Satisfactory
progress in basic science seldom occurs under conditions prevailing in the normal
industrial laboratory. There are some notable exceptions, it is true, but even in
such cases it is rarely possible to match the universities in respect to the freedom
which is so important to scientific discovery."

The idea that the best basic research is done in universities rather
than industry is widely held, but the evidence is inconclusive. Although
there are a small number of outstanding industrial laboratories where
high-quality basic research is performed, including: Bell Labs, Gen-
eral Electric, Hughes Aircraft, Dupont, and IBM. Moreover, it may be
argued that the best basic research in universities is likewise con-
centrated in a small number of top institutions.

A recent report for the National Science Foundation, which sur-
veyed industrial firms with respect to industry-university interactions
in basic research, found a general perception that the universities
should be the principal location for basic research. 45

B. University-Industry Interaction

Industry and universities have traditionally established ties through
inter alia, graduating students, the industrial use of academic consul-
tants, and technical society activities. An article in Chemical Week
described basic research contracts between such firms as Monsanto,
Dow Chemical, and W.R. Grace, and universities.4p

43 U.S. National Science Foundation. National Patterns of R&D Resources, Funds and
Personnel in the United States, 1953-1978-79. Washington, U.S. Government Printing
Office, 1978. (NSF 78-313) p. 4.

"Bush. Vannevar. Science: The Endless Frontier. July 1945. Reprinted by the National
Science Foundation. Washington. D.C., July 1960. pp. 12. 19.

As Nason, Howard K., and Joseph A. Steger. Support of Basic Research by Industry.
Report urenared for the National Science Foundation, Division of Science Resources Studies.
Grant NSF-C76-21517, 1978, pp. 41-42.

3Industry R&D Renews the Old Campus Ties. Chemical Week, v. 124, Feb. 21, 1979:
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Representatives of industry acknowledge the importance to indus-
try of the universities as sources of trained personnel and ideas for
technological developments. Fusfeld wrote:

It is well known, of course, that in the physical sciences, the technical com-
munity is critically dependent on the university for its fundamental mission
of education, and its conduct of basic research, which makes the educational
process most effective and provides for the optimum contribution from the
faculty. In addition, there are the highly-valued, but ill-defined, functions of
simply expanding our reservoir of basic knowledge and contributing to the
advancement of society.47

A similar view has been expressed by Fakstorp and Idorn:
More than any other operational function in industry, R&D was and Is aware

of its dependence on the academic institutions in their dual role as providers
of trained scientists, engineers, and scholars with advanced degrees, and also
as providers of important research results, representing advances of knowledge
and of general scientific methods and insights. These results of academic re-
search represent, of course, important and sometimes crucial inputs for indus-
trial innovation.Us

A group of industry consultants to the National Science Founda-
tion in 1976 advised that NSF funding of basic research in universities
was crucial to the health of industry and the Nation.49

Table 1, below, from the first annual Science and Technology Report,
shows that since 1960 the proportion of industrial R&D funds for basic
research has decreased from eight percent to four percent. The decline
in industrial basic research funding has recently been a source of
concern in policy circles. The causes for this decline are critical to any
proposed Government action and may bear on the utility of university
basic research to industry. The following explanations have been of-
fered for the decline:

(1) The expansion of industrial R&D in the 1950's and 1960's
showed management that basic research does not pay;

(2) Innovation came to be perceived as a "wet noodle"-easier
to pull with market demand than to push with new science and
technology;

(3) Past innovations led to current needs for technical im-
provements as opposed to further major advances;

(4) Erosion of corporate profitability has cut into discre-
tionary expenditures such as basic research;

(5) Government regulations and policies have diverted in-
dustrial R&D from long-term to short-term objectives; and

(6) The energy crisis has diverted much industrial R&D.50

There is probably some truth to each of these statements but their
relative importance has not been established.

'7Fusfeld, Herbert I. New Approaches to Support and Working Relationships. Research
Management. v. 19, May 1976: 21.

48Fakstorp, Jorgan, and G. M. Idorn. University-Industry Relations In Europe. Research
Management, July 1978, v. 21: 34.

49 U.S. National Science Foundation. A Report on Research In Industry: Roles of the
Government and the National Science Foundation. Washington, 1976. Attachment A.
"NSF-Industry Task Force Preliminary Report" (NSB-76-348. revised). pp. 3-4.

60 Healey. Frank H. Industry's Needs for Basic Research. Research Management v. 21,
November 1978: 15-16; and Manners, George E., Jr., and Howard K. Nason. The beeline
In Industrial Research-Causes and Cures. Research Management, v. 21, September 1978:
8-11.
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TABLE 1.-ALLOCATIONS OF INDUSTRY R. & D. FUNDS

[Dollar amounts in millionsl

Basic percent
Total R. & D. Basic of total

1960- 4, 516 342 8
1961 -4, 757 361 8
1962 -5,123 394 8
1963- 5,456 425 8
1964- 5 888 434 7
1965 -6, 548 461 7
1966 ---------------- 7, 328 510 7
1967---------------------------- 8,142 492 6
1968 -,-005 535 6
1969 -10, 010 540 5
1970 -10, 439 528 5
1971 -10,813 547 5
1972 -11 688 555 5
1973------------------------------------13,258 597 5
1974------------------------------------14, 824 641 4
1975 -15, 747 686 4
1976 -17,666 742 4
1977 (estimate) -19,408 783 4
1978 (estimate) -21, 475 840 4

Source: U.S. National Science Foundation, National Patterns of R. & D. Resources, 1953-1978-79. Washington, 1978.
(NSF 78-313). Excerpted from first annual Science and Technology Report.

The importance of university research to industry may be reflected
in R&D statistics. Table 2 shows that industrial funding for basic re-
search at universities and colleges has increased from seven percent of
industrial basic research funding in 1960 to 10 percent in 1977. In-
dustry funding, however, accounts for only about three percent of all
support of scientific activities in universities and colleges, down from
11 percent in 1953.51

TABLE 2.-Percent of industrial basic research funding transferred to universities

Percent
1960 ------ 7
1961 ---------------------------------------------------------------- 7
1962 -_____________-- 6
1963 -_______ 6
1964 ---------------------------------------------------------------- 6

1966 -- 5--_------
1967 ----- 6
1968 -- 7-------
1969 ---------------------------------------------------------------- 7
1970 ---------------------------------------------------------------- 8
1971 ---------------------------------------------------------------- 8
1972 _______________---- 10
1973 ------------------------------------------------- 10
1974 ---------------------------------------------------------------- 10
1975 --------------------------------------- ------------------------ 10
1976 _-----9
1977 (preliminary)…--------- --------- --------- SO10
1978 (established) - ----------------- ----------------- 9

,Source: U.S. National Science Foundation. National Patterns of R. & D. Resources, Funds
and Personnel in the United States 1953-1978-79. Washington, 1978. (NSF-78-313).
Tables B-2, -SG.

51 Nason and Steger, op. cit., p. 42.
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A report by the Organization for Economic Cooperation and De-
velopment (OECD) has pointed out that aggregate-level statistics on
industrial funding for university research may not reveal the true
extent of the interaction. It stated:

A closer look reveals that in many industrialized OECD countries, industry
contributes considerably-not to the financing of the national university system,
but to the financing of selected university departments, chairs, and research in-
stitutions. Cases of open financial support for clearly defined university pur-
poses have been reported from the big science-based companies of many countries,
for example, the Netherlands, Germany, Italy, Switzerland, the United States.52

The first annual Science and Technology Report concluded:
The shifting mix of research performers suggests that both industry and gov-

ernment believe that universities have comparative advantage in performing
basic research. This raises the issue of knowledge transfer mechanisms. Industry
apparently believes that some effective transfer is possible and that researchers
in other sectors are prepared to deal with industry's interests in eventual eco-
nomic payoff.'

C. Industrial Use of University Research

This section reviews findings on the use of university research by
industry. Project Hindsight found that only nine percent of the R&D
events leading to the technological developments studied took place
in universities. This may have been due to the very short period prior
to the developments studied. The TRACES study, which pursued
events much further into the past, found that 60 percent of the R&D
events took place in universities.

Three studies of innovation undertaken in the United Kingdom
found that the primary sources of information inputs to industrial
innovation from outside the firm were other industrial firms, govern-
ment-funded technological institutes, and universities. The propor-
tion of knowledge from outside sources coming from universities
varied from 11 to 28 percent. Pavitt and Walker, who reviewed these
studies, concluded: ". . . Government-funded R&D outside industry
appears to provide an essential scientific and technological infrastruc-
ture which is used by industry." 54

A recent study by Allen of the use of literature by engineers found
that of formal publications (e.g., books, journals, periodicals), text-
books were the most frequently used. There was little use of scientific
journals, or even professional engineering journals. The use of in-
formal literature sources (primarily unpublished reports) was found
to be more important, but there was hardly any use of university re-
ports. Allen hypothesized that the lack of use:

. . .may well result from the fact that little of the work done in engineering
schools is of any direct relevance to industry. In addition, university reports
. . .are written for a very limited audience and cannot be understood by most
engineers.3

Allen concluded that reliance on textbooks and the low use of uni-
versity reports indicated that industrial engineers rely little upon
current university research.5 6

52 OECD. The Conditions for Success in Technological Innovation. Paris, 1971, p. 93.
53 Science and Technology: Annual Report to the Congress, p. 99.
5' K. Pavitt and W. Walker, op. cit. p. 22.
55 Allen, op. cit., pp. 71-73, 89-90.
65 Ibid., p. 90.
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The Computer Horizons study of patent citations found that the
papers cited in prostaglandin patents were mainly authored by scien-
tists from the following sectors, in order of importance: universities
(38 percent), foreign (29 percent), and private industry (26 percent).
The pattern in gas laser patents was different: private industry (46
percent), foreign (25 percent), and universities (12 percent). The
authors commented that a smaller proportion of the citations from
these patents were for work performed at universities than one would
expect, given the overall contribution of universities to the cited fields.
No data were presented to support this, however.5T

The intensity of the use of university research by industry probably
varies considerably by academic discipline and industrial sectors. For
example, university research in chemistry may play a more impor-
tant role in industrial innovation than physics, although this remains
to be investigated.58 A 1970 report of university-industry relations in
the United Kingdom found that high technology industries have the
highest proportion of qualified scientists and engineers in senior man-
agement, have the most contacts with universities, and make the most
use of university consultants. That study also found that university
departments' contacts with industry tended to be more frequent in
pharmacology, chemistry, and physics than in biological science, bio-
chemistry, and mathematics. Marquis and Allen found a greater de-
pendence on science in nuclear engineering, electronics, and metal-
lurgical engineering, by comparison with mechanical engineering.69

An OECD report stated:
Where the links between university science and industrial technology are

strong, the mere imitation of already known, but sophisticated, technologies has
become so difficult that it requires scientists of no less calibre than those who
were necessary to invent the technologies the first time. In such sectors, the
possibilities of developing new technologies without fundamental science cannot
be great either.6°

Moreover, the OECD report argued:
.. an effective interface [between universities and industry] is no doubt

created by the existence, on the one hand, of "fundamental" research in industry,
which looks not only into the firm towards application, but also towards the
universities and standards of academic excellence; and, on the other hand, of
"applied" research in the universities which attains standards of academic ex-
cellence but which also looks towards application.'

It went on to suggest that:
The key component in the industry/university interface is the recognition by

industry of the potential contribution of fundamental science to industrial in-
novation, rather than the performance of "applied" research in the universities."

D. Possible Barriers to University-Industry Interaction

Although universities may provide the most congenial environment
for basic research, the results must be transferred to industry in order
to be embodied in new and improved products and services, and thus
contribute to improved productivity. Nevertheless, there are impor-

" Computer Horizons Inc., op. cit., pp. 42, 44.
5"OECD, op. cit., p.
19 Ibid., p.86
w Ibld.
e1 Ibid., p. 95-96.
" Ibid., p. 96.
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tant differences between universities and industry with respect to pat-
ents, publications, and freedom of research direction that may hinder
the transfer of research results.6 3

While these problems are substantial, solutions have been found in
the past. For example in 1977 Monsanto Company agreed to give Har-
vard Medical School $23 million in research support and endowment
money over a period of 12 years for research on a biological substance
that may be related to cancer. In return. Monsanto receives the patent
rights, J any arise. According to Harvard, the principal investigators
are involved in "basic cell research." 64 A Monsanto official has stated
that although the short-range objectives of the two institutions may
differ, they have similar long-range objectives. Monsanto's objective
was to obtain a better understanding of biology (Monsanto's own
strengths are in chemistry) as a foundation for possible business ven-
tures in areas such as food, health, and energy.65Other examples of university-industry cooperative efforts include
arrangements between General Tire and Rubber with the polymers
group at the University of Massachusetts, General Electric Research
and Development Center's Visiting Scientist Program, and the Labora-
tory for Laser Energetics at the University of Rochester, which is sup-
ported in part by funds from Exxon and General Electric.0 6 There are
probably many more examples, but no comprehensive catalog of uni-
versity-industry cooperative activities exists.

The Chemical Week article expressed the opinion that universities
and industry have grown further apart in their basic research relation-
ships over the past 25 years.6 7 Herbert Doan, formerly of Dow Chemi-
cal, has suggested that this may have been due to the great increase
in funding for basic research in the universities after World War II.68
There are, however, no data on the overall level and nature of uni-
versity-industry interactions, so such suggestions are necessarily im-
pressionistic.

In any event, concern has been expressed by the scientific and tech-
nological communities that more effective communication and coopera-
tion between scientists in institutions of higher education and those in
industry, are needed. The first annual Science and Technology Report
recommended continuing examination of the need to enhance "the link-
age between the performers of research, in particular between industry
and universities." It continued:

... Most of the basic research in the United States is performed in a university
setting, whereas the development effort is largely an industrial activity. If thedesired flow of information is to occur, as well as the highly valuable cross
fertilization, it is important that industry-university relationships be strength-
ener and that technology transfer mechanisms be improved. 69

Ha Chemical Week, op. cit. passim.
54 Culli ton, Barbara J. Harvard and Monsanto: The $23-Million Alliance. Science, v. 195,

25 February 1977: 759.
65 Throdal, M. C. Presentation at Engineering Foundation Conference on Engneering andScience Research for Industrial Development. Easton, Md., October 3-7, 1977.
e Cooper, Martin J. Universities and the Private Sector-Opportunities for Mutual Gainin the Decade Ahead. Journal of the Society of Research Administrators, v. 10, Winter

1979: 28.
67 Chemical Week, op. cit., p. 38.
65 Doan, Herbert D. New Arrangements for Industry-Academic Research. Research Man-

agement, v. 21. March 1978: 33.al Science and Technology: Annual Report to the Congress, pP. 6-7.
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The 1976 group of industrial consultants to the National Science
Foundation noted that insufficient interaction exists among industry,
the universities, and government in the area of basic research.70 Simi-
larly. the 1978 report for NSF on basic research support in industry
found that "not much" interaction occurs between industry and uni-
versities in basic research, either in terms of actual dollar support or
joint effort.71 Pavitt and Walker concluded from a study of govern-
ment policies for innovation that their influence in strengthening the
university-industry linkage has beeh "very limited." They said: "These
links, which . .. are of critical importance to technological innova-
tion, are made through autonomous initiatives between the two types
of institution." 72

Suggestions have been made that government should attempt to en-
courage such interaction. Such suggestions were made in the course of
the recent Presidential Domestic Policy Review on Industrial Innova-
tion.73

In the 96th Congress, bills have been introduced on the same subject.
S. 1065, Tax Credit on Corporate Gifts for Basic Research, would
amend the Internal Revenue Code of 1954 to allow a 25 percent tax
credit for corporate contributions to educational institutions for basic
scientific research. S. 1250, the National Technology Innovation Act of
1979, would create Centers for Industrial Technology at universities or
other nonprofit institutions for the purpose of cooperative techno-
logical innovation activities with industry, including the development
of the generic research base underlying an industry.

While there may be a good deal of support in the R&D commu-
nity for measures to stimulate the interaction of universities and in-
dustry in innovation activities, certain reservations should be noted.
Critics have pointed out that current problems of capital formation
and government regulation make it difficult for industry to construct
new plant and modernize equipment, thus reducing its incentive to
finance the development of new technology. Further, there are no data
on the overall level and nature of past and present university-industry
interactions, and no accepted criteria for determining the optimum
level and nature of these interactions. The magnitude of the problem,
if one exists, is unclear.

E. Summary

The performance of basic research is increasingly concentrated in
the universities and colleges, reflecting a consensus that these institu-
tions possess a comparative advantage for that function. Industry
representatives acknowledge the importance of universities as sources
of trained personnel and ideas for technological development. Actual
use of university research may vary by industrial sector and academic
discipline.

70 A Report on Research in Industry, op. cit., Attachment A, p. 3.
71 Nason and Steger, op. cit., p. 42.
72 Pavitt, K. and W. Walker. Government Policy Towards Industrial Innovation: A

Review. Research Policy, v. 5, 1976: 90.
73 U.S. Secretary of Commerce. Advisory Committee on Industrial Innovation. Subcom-

mittee on Procurement and Direct Federal Support of Research and Development. Draft
Report on Direct Federal Support of Research and Development. Washington, 1978, p. 2.



278

Although universities may provide the most congenial environment
for basic research, the results must be transferred to industry in order
to be embodied in new and improved products and services, and thus
to contribute to improved productivity. There are natural barriers be-
tween universities and industry that may obstruct this transfer, such
as differences with regard to patents, publication, and freedom of re-
search direction. Traditional modes of interaction between universities
and industry, through technical societies and academic consultants, are
believed to occur at low levels. Some people believe that the level of
interaction has decreased over the past 25 years due to the large in-
crease in Federal funding for university research. There are indica-
tions that this trend may be abating, while, at the same time, there
have been calls for government stimulation of increased interaction.
The transfer of knowledge between academic science and industrial
application requires active efforts on both sides. In particular, it re-
quires that industry recognize the value of basic research to industrial
innovation.

V. CONCLUDING OBSERVATIONS

Federal support for basic research in universities contributes to
industrial innovation by enlarging the pool of scientific knowledge
which may be used by industry in the development of new products
and production processes. The utilization of basic research in innova-
tion usually is not direct and immediate, but is indirect and delayed,
often by 20 to 30 years. The main modes of transfer of basic research
results are in the form of scientific information as communicated in
reports and journals, and in the education and maintenance of cur-
rency of industrial scientists and engineers. Sometimes the results of
basic research are transferred very quickly into applications. This usu-
ally occurs when there is an urgent technical problem which requires
improved scientific understanding. Research also may be quickly trans-
ferred in the science-based industries, such as chemicals and elec-
tronics. The utilization of basic research results in industrial innova-
tion depends not only on the supply of basic research results but also
on the demand for them in industry.

The existence of institutional barriers between universities and in-
dustry may hinder the transfer of basic research results into the
innovation process. Some believe that the high level of Federal fund-
ing for university research over the last 25 years has further isolated
the universities from industry. Improved transfer of university re-
search results to industry for application might increase the effective-
ness of Federal research funding in stimulating national productivity
growth.

Given the uncertainty, the long time to fruition, and the remoteness
of basic research from commercial objectives, one would not expect a
strong relationship between basic research and productivity in the
near term. Economic studies have shown that the contribution of
R&D to productivity is high, but these studies pertain primarily to
applied research and development. Economic theory does not currently
enable one to assess the precise quantitative contribution of basic re-
search to productivity, vis-a-vis applied research and development.
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The contribution of basic research seems to be primarily: (1) Improv-
ing the efficiency of the R&D process, and (2) contributing to improve-
ments in national productivity in the long run. Basic science seems
to be an "engine" for technology, without which certain innovations
might be delayed or prevented, and technological progress might
eventually stagnate.

Federal R&D funding is concentrated in the areas of space, health,
energy, and defense an5 is primarily aimed at national goals other
than economic productivity. Therefore, one might not expect a strong
relationship between Federal R&D and economic productivity. Pre-
liminary evidence suggests that federally funded R&D makes a negligi-
ble contribution to productivity in the near term. These findings,
which appear to pertain only to applied research and development,
may be due to methodological problems or the concentration of Fed-
eral R&D funds in space and defense-oriented industires. They should
be regarded with caution at this time.

To summarize, for various reasons one would not expect to find a
strong relationship between Federal support of basic research in uni-
versities and economic productivity in the near term, and the evidence
does not in fact indicate such a relationship. Federal support of basic
research in universities complements private R&D funding by provid-
ing funds where there is little incentive for the private sector to invest,
and takes advantage of the natural capabilities of universities. While
the private sector tends to invest in R&D projects with near-term
economic potential, Federal funding of basic research in universities
seeks to ensure that the supply of scientific knowledge is renewed so
that productivity improvements will be possible in the long-term
future.
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INTRODUCION

In May 1978 President Carter called for a Domestic Policy Review
(DPR) of Industrial Innovation. This effort, a response to widespread
perceptions that industrial innovation in the United States is declin-
ing-with negative consequences for the U.S. economy and interna-

*Prepared by the Congressional Research Service, Library of Congress.
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tional trade-was intended to give the issue of industrial innovation
the highest level of policy attention by the executive branch. The ob-
jective was to prepare a report to the President setting forth recommen-
dations for Federal action to enhance the status of industrial
innovation in the IUnited States. The DPR was conducted by a Cabi-
net-level/coordinating committee chaired by Secretary of Commerce
Juanita M. Kreps. Functional management of the policy review was
directed by Dr. Jordan J. Baruch, Assistant Secretary of Commerce
for Science and Technolbgy.

The DPR had two phases of activity. One was an information
gathering phase, in which inputs were obtained from many public and
private groups and organizations. After these informational inputs
were obtained, the DPR went into executive session which reportedly
consisted of discussions between representatives of the various inter-
ested Federal agencies and the Executive Office of the President.

More than 150 senior representatives from the industrial, public in-
terest, labor, scientific, and academic communities participated on the
Advisory Committee on Industrial Innovation which was established
as part of the DPR. Subcommittees of the Advisory Committee met
during the fall and winter of 1978 to deliberate on the effects of Fed-
eral policies on industrial innovation. Policies in the following areas
were considered:

Economic and trade policy;
Environmental, health, and safety regulations;
Regulation of industry structures and competition;
Federal patent and information policy; and
Federal procurement policy and direct Federal support of research

development.
The Advisory Committee subcommittees produced 10 reports, address-
ing each of the above areas, plus the special problems of small business
and labor and public interest concerns. The reports were made avail-
able in draft form to provide background for seven public symposia
held in January 1979. Representatives of the industrial, labor, public
interest, and academic subcommittees participated in these symposia,
along with senior policy representatives from concerned government
agencies. The final reports of the subcommittees subsequently were
made part of the body of material considered by the Cabinet-level co-
ordinating committee in formulating proposals for the President. They
also were published by the Department of Commerce as the final report
of the Advisory Committee on Industrial Innovation.' There appear
to be only slight changes in the final report.

Nine months after the public symposia, on October 31, 1979, Presi-
dent Carter announced a series of industrial innovation initiatives in
a message to the Congress. The reactions to the President's initiatives
were mixed. Some observers said that the President's measures did
not go far enough. They expressed disappointment that tax incentives
and large Federal spending programs were not included. Others said
that the measures went too far in weakening important protections for
health, safety, the environment, and consumers. Other persons seemed
to believe that the President's measures were a reasonable step in the
direction of stimulating innovation.

1U.S. Department of Commerce. Advisory Committee on Industrial Innovation. Final
report. Washington, U.S. Government Printing Office, 1979. 299, iv.
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This chapter provides a brief summary and analysis of the draft re-
ports of the Advisory Committee on Industrial Innovation, the pub-
lic symposia, and the President's Message on Industrial Innovation. It
permits a comparison of the "outputs" of the Domestic Policy Re-
view-that is, the President's recommendations-to the public "inputs"
to the Domestic Policy Review-specifically the recommendations of
the Advisory Committee. Such a comparison is of interest because of
complaints by industry representatives that their recommendations
were not heeded, and criticism by industry and Members of Congress
that certain types of policy initiatives were not included in the Presi-
dent's message.

I. REPORT OF TInE ADVISORY CoMMiT'rEE ON INDusTRiAL INNOvATION

This section summarizes the recommendations made in the draft
reports of the subcommittees of the Advisory Committee on Industrial
Innovation and the main points that arose during the public symposia
held in January 1979. The summaries of the symposia are based on
notes taken by staff members of the CRS Science Policy Research
Division.2 Lists of the symposia participants and the members of the
subcommittees are included in the appendix to this chapter.

The purpose of the symposia was to provide public fora for the dis-
cussion of the impacts of Federal policy on industrial innovation, and
to allow input to the Domestic Policy Review from interested mem-
bers of the public. Jordan Baruch, who chaired the symposia, empha-
sized the need to design specific policy options for the President. Often,
however, the discussion became centered on controversial issues of the
benefits of innovation, the distribution of those benefits, and the rela-
tive importance of innovation as compared to other national goals rep-
resented by the labor and public interest groups. As each symposium
there were representatives of the industrial subcommittee that pre-
pared the report, the Federal agencies that would be affected, labor,
public interest groups, and academia. Each subcommittee had a small
business member.

The reports of the labor, public interest, and small business rep-
resentatives covered the full range of policies addressed by the DPR.
Therefore, their respective comments were similar at each of the
symposia and have been shortened here to reduce repetition. The
recommendations made in the draft reports of those groups, which
were not addressed directly at the symposia, are summarized in this
section.

A. Economic and Trade Policy

The Subcommittee on Economic and Trade Policy made 22 recom-
mendations in the following primary issue areas:

For established corporations, tax disincentives to overall invest-
ment and to R&D need substantial revision, in recognition of
changed economic circumstances.

2William Boesman. Speciallst In Science and Technology; Jane Bortnick. Analyst In
Information Sciences; Robert L. Civiak, Analyst in Energy Technology; Mary Ellen Mogee,
Analyst In Science and Technology. and Wendy H. Schacht. Analyst In Science and
Technology.
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Venture capital is in short supply for new, innovative businesses
trying to establish themselves, and legislated disincentives to
savings should be lessened, while certain regulatory policies
are also changed, in order to alleviate this shortage.

Foreign competition, conducted legally within the United States,
is a spur to innovation that must continue to be allowed, while
certain government policies that restrict U.S. businesses' ability
to compete abroad should be changed.

The drag on the economy created by regulatory activity must
be recognized for what it is and consciously reviewed and
budgeted for by the Federal Government.

While a new, large scale program of basic research directly
funded by the Government is not desirable, the Government
should encourage the conduct of basic research at universities
and should also simplify its procurement policies to make it
more feasible for small businesses to compete successfully for
government contracts.

During the public symposium, the acting chairman of the subcom-
mittee emphasized that tax, trade, and regulatory policies should be
changed to increase innovation and productivity. It was stated that
after-tax returns on innovation fell from 8 percent to 4 percent from
the 1960's to the 1970's, due partially to the above policies. Special
emphasis was placed on discussing changes in the tax code to increase
cash flow and investment in innovation and to increase after-tax re-
turns on investment. It was stated that tax changes must: (1) be
feasible; (2) be understandable; and (3) not make the tax code too
complicated.

The small business member of the subcommittee dissented from
the otherwise unanimous report. He charged that the subcommittee
failed to deal with any issues and needs of small business and the
importance of small business to innovation. Ile warned that tax cuts
do not necessarily create innovation; they must be specifically de-
signed to do so. Some of these concerns were incorporated into the
final report.

The labor representative said that a full-employment economy is
needed to stimulate innovation. He opposed tax cuts to increase in-
novation because, he stated, they would simply provide more money
to industry and not increase innovation.

The public interest representative was not convinced that there is
a problem with innovation. She did not believe that the relationship
between regulation and innovation has been established. She called
for new methods of cost accounting and pointed out that tax cuts
will not necessarily act to stimulate innovation.

One of the Department of Treasury representatives said that the
recommendations of the Subcommittee on Economic and Tax Policy
would need more substantiation if they were to be accepted by the
President. He suggested that the following questions need to be ad-
dressed: What are the real (or possible) impacts of a tax change-
will it really improve innovation? Does the export of technology
really result in the export of jobs? What kinds of small businesses
need what kind of assistance at what stage of the innovation process?

56-367 0 - 81 - 19
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A representative from U.S. Steel emphasized the importance of
expected profitability to innovation. He stated that investment is
undertaken because of expected profit, and anything the Government
can do to increase expected profitability should be done. A Treasury
representative responded that one-half of U.S. corporations had paid
no Federal income tax the previous year.

Various speakers pointed out that innovation problems are usually
industry-specific and specific solutions should be developed. A tax
write-off would benefit companies which do not need help as well'as
those that do. How should policy be designed to ensure that this does
not happen? Also, innovation problems vary by the stage of the inno-
vation process--R&D, marketing, distribution, etc. One academic rep-
resentative suggested that the subcommittee should be more specific
on recommendations for assistance at different steps in the innovation
process.

B. Environmental, Health, and Safety Regulatiotz

The report of the Subcommittee on Environmental, Health, and
Safety Regulations consisted of an overview report and three sections
on safety, health, and environmental regulations. The nine main rec-
ommendations of the overview report are summarized here (additional
recommendations are included in the report):

(1) The President's Executive Order 12044, to improve the regu-
lation process, should be extended and expanded.

(2) Congress should exercise a more diligent role in oversight of
regulatory agencies.

(3) Special consideration should be given to the impact of regu-
lations on small business.

(4) The Federal Government should sponsor research to develop
a better knowledge base of the "cause-and-effect" relationships
in health, safety, and environmental regulations.

(5 The risk/reward ratio should be improved for innovators.
(6 The regulatory process should emphasize performance stand-

ards and cooperation rather than adversarial relations.
(7) The escalation in product liability losses should be stemmed.
(8) The Regulatory Council and the Regulatory Analysis Review

Group should have some members who are well qualified in
understanding the process of industrial innovation.

(9) Where possible, the public interest should be served through
improved industrial consensus standards (self-regulation).
Mandatory Government regulation should be a last resort.

At the public symposium, subcommittee chairman Donald Frey
noted what he considered to be the most important findings: (1) The
need for voluntary industrial standards in place of mandatory Gov-
ernment regulation; (2) the uncertainty of the scientific basis for much
regulation; and (3) excessive regulatory permanency and the need for
periodic evaluation and termination of unneeded regulations.

The public interest representative criticized the report severely. In
her opinion, the direction of innovation, rather than its rate, should be
the question in Federal policy. She stated that: (1) the Federal Gov-
ernment should support the kind of innovation that helps meet its
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legislative objectives, especially in health and safety; and (2) the
priority of these goals should not be lowered. She also argued that
corporate mismanagement and irresponsibility are the causes of many
of industry's problems. Moreover, she pointed out that pollution con-
trol equipment currently is subject to rapid depreciation and tax credits
and to delay compliance causes higher costs when it is achieved.

The labor representatives also emphasized the importance of asking
the question, "innovation for what?" They said that they would toler-
ate no trade-offs between jobs and safety. They stated that they do not
believe in cost-benefit ratios, because a worker has only one life to lose.
They perceived that industry was just dragging out the old "whipping
boys" to explain the slowdown in innovation.

The small business representative supported the report, but he noted
that small businesses do not have the time and resources to participate
in all the rulemaking procedures affecting them. Moreover, he stated,
since standards apply to Clas8e8 of businesses, the new and unique may
be disadvantaged.

One of the major issues discussed was cost-benefit and risk-benefit
analysis of health, safety, and environmental regulations. Industry
representatives stated that these types of analyses are important and
in need of improvement. As noted above, the labor representatives
rejected cost-benefit analysis. In response to labor's rejection of cost-
benefit analysis, Baruch said that Government has to make these kinds
of comparisons because of the need to allocate scarce resources in the
best manner. If labor does not participate, he said, the analysis will
be done by bureaucrats.

Another major issue discussed was that of proprietary information.
In the regulatory process, industrial firms are required to provide to
the agencies information on health, safety, and environmental charac-
teristics of their products and production processes. Industry fears
that this information will be used by their competitors to copy their
technology. Commissioner Kennedy of FDA noted that 82 percent of
the Freedom of Information Act activity in that agency is actually
industrial intelligence. The labor representatives emphasized the need
to distinguish health and safety information from innovation informa-
tion, although this distinction probably is not always clear. Another
aspect of this issue is whether each manufacturer needs to characterize
its own product and demonstrate its safety and efficacy, if an identical
product has already been characterized by another firm.

Performance standards. as opposed to design standards, were gener-
ally recommended by industry. The Occupational Safety and Health
Administration (OSHA) representative. however, pointed out that
not all of industry likes performance standards because design stand-
ards may be easier to achieve. Thus, it may be preferable to combine
performance and design standards.

C. Regulation of Industry Structubre

Although the Subcommittee on Regulation of Industry Structure
considered primarily economic regulation and antitrust policy as they
affect industrial innovation, considerable attention was given also to
health, safety, and environmental regulations. The subcommittee re-
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port identified seven issues and recommended accompanying courses
of action for each. The seven issues were:

(1) Inconsistency of regulation reduces innovation.
(2) Innovation is negatively impacted by regulating the means

rather than the ends.
3) Regulation of price and entry impedes innovation.
4) Unconsidered economic impacts of regulation impair in-

dustry viability and weaken world market positions.
(5) Costs of regulation lead to increased market concentration.
(6 Antitrust policies can inhibit innovation.
(7) The American market is but a component of the world

market-and it should be so perceived by antitrust authorities.
Comments from the industry participants in the public symposium

underscored the following points made in the subcommittee report
about antitrust policy:

(1) Antitrust policy has an indirect effect on innovation. It may
inadvertently alter the risk/reward structure for innovation.

(2) Congress and the agencies should give more attention to im-
pacts of antitrust policy on innovation.

(3) Section 7 of the antitrust legislation should treat foreign
and U.S. acquiring firms the same.

(4) Antitrust enforcement should be carried out in the context of
national economic policy. A general relaxation of antitrust
enforcement is not called for.

The labor representative emphasized at the public symposium that
an expanding, full-employment economy is necessary for innovation.
He was concerned about the possible damaging effects of innovation on
workers in terms of loss of jobs and income. He also pointed out that
many of the Nation's economic problems are due to oil imports and the
recession, not innovation. He recommended that workers be provided
with information on planned innovations in advance. He also recom-
mended relocation assistance and supplemental unemployment insur-
ance. He was opposed to tax cuts, tax credits, accelerated depreciation,
and so on. Rather, he stated that the Government should use selected
expansionary economic policies while trying to achieve full employ-
ment and equal opportunity. He claimed that exports of technology
and jobs through multinational corporations have hurt the United
States.

The public interest group representative stressed the importance
of the direction of innovation and was concerned with the social and
economic significance of innovation. She described the public interest
framework for considering innovation issues. It involved asking such
questions as, "What does innovation mean to the Nation as a whole,
should government take a role in innovation, what are the criteria for
that role, and innovation for what?" She stated that the Government
should support only socially beneficial innovation. It should ask, "How
beneficial is this innovation and for whom?" She called for "public
accounting" for innovation with improved quantitative social indi-
cators. She recommended a continuing Federal role to assure that
social and economic implications of innovation coincide with social
goals.

A representative of academia suggested a flat injunction against
joint research among large industrial firms, but stated that individual
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cases could be negotiated for smaller firms. She felt that the use of
market share as the sole indicator of monopoly might remove incen-
tives to innovate. She called for university-industry-Government co-
operation in educating for innovative management.

The Department of Justice representative said that he believed the
subcommittee report was moderate, balanced, and cogent, although he
did not agree with all of it. He stated that it expressed a viewpoint that
should be continuously reevaluated. He stressed that competition as a
basic force in the economy should be maintained; the question was
which mechanisms are best to preserve this and which are counter-
productive? He suggested three questions to be considered by the
panel members:

(1) Given that innovation and competition are intermediate goals,
what is the mechanism in terms of enforcement decisions that
permits these considerations to be weighed?

(2) International effects are given consideration in Justice deci-
sions, but how much competition are we willing to do without
domestically in order to enhance our foreign competitiveness?
How can this question be handled?

(3) Of what use would be an interdepartmental task force to sit
on particular cases?

One of the main issues discussed at the symposium was joint re-
search by corporations. Industry representatives argued that uncer-
tainty about antitrust enforcement hinders innovation. The Justice
representative described the business review procedure used when a
firm asks Justice for its enforcement intention-in effect to obtain
advance clearance. In the last year or so, he said, Justice has received
29 requests to conduct joint R&D and has cleared 90 percent of them.
In this process a detailed memorandum is prepared which includes
a discussion of likely effects on innovation. The Justice represent-
ative noted that there appears to be a problem in the perceptio'u of
antitrust policy. Assistant Secretary Baruch suggested that it is the
Federal role to make things more clear.

Another issue discussed was the need for interagency coordination
of regulations, especially in cases where several agencies share juris-
diction and are promulgating regulations. The Justice Department
representative stated that the agency involved must be responsible
for the regulations it promulfretes. He also was skeptical about how
well an interagency body would work. The public interest group rep-
resentative was concerned that such interagency bodies might be less
accessible to the public.

With respect to technology exports, an industrial representative
pointed out that foreign technology has been developed largely in-
dependent of the United States and not primarily due to U.S. tech-
nology transfer. He also pointed out that foreign exports create nine
jobs in the United States for every foreign job.

D. Patent Policy

The Subcommittee on Patent and Information Policy concluded
that the United States patent system is functioning well and is in need
of only incremental changes. The subcommittee made three major
recommendations to improve reliability of the patent grant. They
are:
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(1) Upgrade the Patent Office by:
(a) Providing an adequate examining staff to assure a

rigorous, high quality examination. This would increase
confidence in the patents that are issued.

(b) Providing modern search tools that increase the prob-
ability of finding the relevant prior art. This would be a
cost-effective investment by reducing search time per
examiner, as well as reducing the frequency of subsequent
proceedings to argue the prior art.

(2) Provide a reexamination process-available to all interested
parties-in order to ensure that the patentability of the inven-
tion described in the patent has been considered by the Patent
Office in the light of all relevant prior printed publications.

(3) Provide a central court to hear patent appeals. This would
provide greater eooistency in judicial decisions, thus reduc-
ing uncertainty.

Other recommendations also were made to stimulate innovation, but
apparently were not unanimously supported by the subcommittee.
These included, for example, extension of the current 17-year patent
term. In order to avoid duplication with the Office of Science and
Technolog Policy committee working in this area, the public sym-
posium did not devote much discussion to the issue of government-
owned patents. However, the subcommittee stated that the private
sector must have exclusive patent rights, while the Government should
retain rights for its own use.

The major problem with the patent system, as summarized by a
representative from Hughes Aircraft, is that many patents today are
unreliable-that is, they will not stand up in court against infringe-
ment actions. Therefore, it is necessary to upgrade the Patent and
Trademark Office to permit better examinations that will result in
examination tools, specifically computer information systems and
more reliable patents. The main thrust of the discussion of upgrading
the Patent and Trademark Office centered on the need for better
examination tools, specifically computer information systems and
automation. There also was a significant amount of discussion on the
reexamination process which consumes a large amount of resources.

A representative of small business called for longer patent terms for
small businesses. He also called for a patent counselor in the Small
Business Administration. He suggested the Connecticut Product
Development Corporation and Great Britain's National Research and
Development Corporation as examples of how to get Government-
owned patents commercialized. He stated that inventors should get
a large share of the benefits from their inventions.

A labor representative objected strongly to the transfer of Govern-
ment-owned patents with exclusive rights to the private sector. He
stated that exclusive rights are not necessary and that present Gov-
ernment-granted license rights are generous enough. Another labor
representative stated that Government should not try to reform the
patent system because that would only be tinkering. What is needed to
stimulate innovation, he said, is an expanding economy.

The public interest representative also objected to the transfer of
Government patents to the private sector. Further, he strongly ques-
tioned the premise of declining U.S. industrial innovation. He did not
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agree that the patent system is functioning well. He did not want a
court of appeals because it would further clog the judicial system. He
was in favor of shortening the patent life because he believed that
patents are being used to stifle innovation and protect the status quo,
rather than to promote invention and innovation. He also asserted that
vertical and horizontal integration in industry kills innovation, and he
cited with approval Sen. Kennedy's antimonopoly efforts.

E. Information Policy

The draft report on Information Policy contained the following
summary of the principal recommendations of the Subcommittee on
Information Policy:
Patents as a Source of Information

The Patent Office should complete the development of an effective computer-
based search and retrieval system for its own use and for public access, and
should support the development of appropriate classification and indexing
schemes in order to integrate the systems for the various technologies. The
Patent Office should also develop specifications for and require the submission
of supplemental information concerning a patent's use and potential applications.
Foreign Market and Technioal Information

The U.S. Government should make arrangements for foreign countries to
provide U.S. companies with information on standards and product approval
requirements. Especially, it should encourage international technology transfer
through negotiations with various international bodies; by resisting restrictive
regulations by foreign countries or international agencies; and by clearly stating
its intent to continue to permit such transfers for commercial applications. Fur-
ther, it should encourage and help make possible the systematic collection and
distribution of foreign patents.

The Government should prevent the imposition of countervailing duties by the
U.S. Treasury Department on products benefiting from foreign government R&D
subsidies.

Regulatory Impediments, Including the Freedom of Information Act
Congress should amend the Freedom of Information Act to make clear that

information which is classified as described in Sub-section 552(b) (4) of the Act
shall not be released under the Act.
Protection of Data Bases and Software

The Commission on New Technological Uses of Copyright Works (CONTU)
recommendations relative to copyright to software and data bases should be
implemented.

Government as a Creator and Distributor of Information
Government should establish a policy that, except for confidential and classi-

fied materials, all information created and collected by the Government should
be made conveniently accessible at incremental costs to help widen its distribu-
tion and use.

A more productive Government-industry relationship should be secured by
establishing the policy that the Government will refrain from entering into
competition with existing services without a clear demonstration of public
need and will work with the private sector to help fill information gaps. Govern-
ment should encourage the wider dissemination of innovation related information
from Government resources and assist in filling the needs for innovation related
data.

The general findings of the Subcommittee on Information Policy,
as reported at the public symposium, were that information is very
valuable in the process of innovation, especially information on on-
going R&D and information to evaluate the risks of information.
Moreover, information must be communicated in time frames and
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formats needed by the innovator. People must know that it is avail-
able. Some of the current problems are:

The lack of information on patents;
The lack of technical information from foreign nations; and
The lack of information services specialized for referrals and

location of information sources.
It is necessary to assist the user to find and use the information.

Labor representatives said that information on innovation should be
directed toward small business, high unemployment areas, and other
areas of need. They were concerned with the loss of jobs in the United
States that may result from international technology transfer.

The public interest representative repeated the concern that the
direction, not the rate, of innovation was important. She was con-
cerned with the impact of innovation on the quality of life. She cited
the need for public accounting for innovation, including social and
financial indicators.

The academic representative emphasized the importance of infor-
mal, verbal communication channels as opposed to written and elec-
tronic means. He recommended personnel exchange programs.

There was a lengthy discussion of how to develop the patent data
base in the Patent and Trademark Office. There was no consensus, but
options were identified to improve technical data on patents. Some of
the questions were whether the data base should be Government-
sponsored or commercial and whether it should be just a data base or
an information system with software. It was noted that the importance
of patents as a critical-source of technical information in the innova-
tion process varies by field, so that specialized data bases would be
needed.

Options were also identified to improve information on interna-
tional markets. The World Information and Trade System (WITS)
was mentioned as being developed in the Department of Commerce to
provide information on foreign markets to U.S. industry.

F. Federal Procurenent Policy

The Subcommitee on Federal Procurement Policy made 18 recom-
mendations, broken down into the following seven categories:

(1) Overcoming barriers to innovation;
(2) Reform of Federal procurement policy;
(3) Strengthening independent research and development

(IR&D) by Federal contractors;
(4) Protection of Federal contractors' patents;
(5) Protection of Federal Contractors' Proprietary data;
(6) Increasing basic R&D in universities, Government labora-

tories, and industry in support of industrial innovation;
and

(7) The use of procurement to create markets for innovation.
Thomas Paine, chairman of the subcommittee, presented three main

conclusions:
(1) There is a need to change attitudes of regulatory agencies

from restriction to stimulation of innovation.
(2) The promulgation of OMB Circular A-109 is a welcome step

in the right direction.
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(3) The cost of implementing the subcommittee's recommenda-
tions will be minor compared to the potential savings.

He also noted that the two top priority recommendations pertained to
Circular A-109 and IR&D, respectively.

One small business representative stated that all 18 recommenda-
tions were beneficial and was very happy with them. Another, how-
ever, reported that he had asked 28 small business leaders whether the
recommendations would lead to an innovation renaissance, and the
answer was no.

The labor representative said that Federal procurement policy
should be used as a tool to support freedom, democracy, and the well-
being of citizens, not just the well-being of corporations. He held that
firms that do not deal fairly with labor should not receive Govern-
ment contracts. However. he generally supported the use of procure-
ment procedures to support innovation, although he disagreed with
a recommendation pertaining to patents obtained under Government
funding.

The public interest representative supported many of the procure-
ment policy recommendations, especially those with regard to com-
mon use items. He said that test information should be disseminated
and that life cycle costs are important. He objected to the recommenda-
tion that contractors be allowed title to patents developed with Gov-
ernment funds, arguing that the public interest demands that these
patents be held by the Government for the public good.

On being asked what changes in policy would help them, a General
Services Administration representative commented that they would
like more flexibility to make purchases using criteria other than lowest
cost. It was noted that there is a problem of public accountability with
public funds, to which lowest cost criteria are a response.

Independent R&D was a major topic. There was a discussion of the
difficulty of separating IR&D costs from bid and proposal (B&P)
costs. An industrial representative said that "independence" leads to
poor R&D. A DOD representative said that "independence" leads to
use of funds for bid and proposal, rather than R&D. The purpose of
IR&D is to allow the firms to take the long-term view, but economic
and inflationary problems often force firms to take the short-term
view, according to industry representatives. Industry resists the evalu-
ation of IR&D by the sponsoring agency and the application of the
criterion of potential military relevance. DOD was in favor of evalu-
ating the contractor's IR&D. NASA, on the other hand, said it set a
limit on the amount of funding allowed for IR&D, but let market
competition ensure the quality. There was a complaint from one in-
dustrial representative that IR&D and B&P funding gives the recipi-
ent an unfair advantage in competing for the next contract.

G. Direct Federal Support of Research and Development

The draft report of the Subcommittee on Procurement and Direct
Support of Research and Development identified three main areas
where industrial innovation could be accelerated:

(1) University-Industry Relations. The Government should en-
courage direct coupling of university research to industry
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needs by giving matching grants to industry to be recom-
mitted to research in universities.

(2) Incentives for Technology-Based Ventures. The panel was
unable to agree on a single mechanism, but suggested three
prototypes: The National Advisory Committee for Aeronau-
tics (the predecessor agency to NASA), the Federal Hous-
ing Administration, and agricultural experimental activities
in State land grant colleges.

(3) Support of R&D on Generic Technology. Direct Federal
support of R&D and dissemination of new technology generic
to process or product innovation in a wide spectrum of U.S.
industry should be strengthened and recognized as Federal
policy. Federal support would involve the development of a
coordinated network of cooperative technology centers.

At the public symposium, a subcommittee representing small busi-
ness recommended: (1) that 10 percent of Federal R&D funds be
targeted to small business and (2) that the Small Business Adminis-
tration administer a small business innovation program. Another sub-
committee member said that the real problem of innovation is that
venture capital has dried up because of the tax structure. A third mem-
ber of the subcommittee noted that industrial innovation would be
stimulated if industrial money for R&D would replace Government
money. He said that dramatic programs are not needed, but rather
agreement on the importance of industrial innovation as a long-term
goal.

A labor representative said that tax credits (one suggested means of
funding cooperative university-industry research) were a raid on the
U.S. Treasury and that a healthy economy and full employment are
more important than direct support of R&D in stimulating innovation.

The public interest representative repeated many of the points made
by his counterparts at the other symposia. The most important of these
was the contention that the direction of innovation is more important
than its rate. Government should first ask, "innovation to what end?"
Social and ethical goals should not be compromised by economic im-
peratives, although progress toward these goals is more difficult to
measure than economic progress.

An academic representative charged that the subcommittee had not
established where the linkage problems between R&D in universities
and industry occur, and that without a properly specified problem a
recommendation could not be made. He advocated more targeting of
the aid, stating his belief that only certain kinds of high-risk R&D
need to be supported by the Government.

A representative from Battelle noted that nonprofit organizations
such as his currently are filling the university-industry gap. A repre-
sentative from the Textile Research Institute noted possible problems
in protecting proprietary information.

Assistant Secretary Cutler of the Department of Agriculture
pointed to the experimental stations as a model to stimulate innovation.
However, it was pointed out that it would take large funding over
a long period to duplicate this program in other industries.

There was some disagreement on the role of peer review in univer-
sity-industry cooperative research, how long term the research should
be, and how particular projects should be selected.
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H. Small Bu8iness Recommendations

The small business members of the subcommittees of the Advisory
Committee on Industrial Innovation prepared a report on the specific
impact of Federal policies upon innovation in small businesses, andhow Federal policies might be revised to stimulate innovation in that
sector of the economy. The report was premised upon the belief thatsmall businesses make a large contribution to innovation, and thepolicies, laws, regulations, and procedures of the Federal Government
impose a heavy burden upon small business innovation. Their sevenrecommendations are summarized below:

(1) Changes in the Federal tax code to again encourage the flow
of capital into small innovative businesses;

(2) Changes in Employment Retirement Income Security Act
(ERISA) policies to return a portion of the national flow of
savings to high-risk innovation;

(3) Changes in security laws and regulations to remove obstacles
for innovative enterprises to acquire seed, startup, and expan-
sion capital;

(4) Changes in regulatory policies to remove adverse discrimina-
tion against the small innovator;

(5) Changes in Federal R&D funding policies to produce sub-stantially greater results by awarding a larger share to small
businesses;

(6) Changes in Federal procurement policies to allow greater
participation by small businesses on a more equitable basis;
and

(7) Strengthening the Nation's patent system, and making
changes in Federal policies to recognize and protect initial
exclusivity as an essential requirement for successful innova-
tion.

I. Labor Subcommittee Recommendations

The Labor Subcommittee made three key points in its report:
(1) The best stimulus for innovation comes from a healthy, full-

employment economy-not from tax breaks and not from
weakening protections for workers' health and safety, for
consumers, and for the environment.

(2) Workers and their unions have reasonable, legitimate con-
cerns about loss of jobs and income caused by innovation.
Healthy economic growth provides the incentives for innova-
tion and the resources for human social adjustment to inno-
vation.

(3) Collective bargaining can ease many of the problems created
by innovation. An early warning system involving labor,
business, and government could improve labor-management
and other social adjustments to innovation and changing
technology.

The Labor Subcommittee recommended a joint program to assure
workers an "early warning system" of advance information about
management plans for future innovations which might affect workers
with job loss or other problems. The committee also called for the
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Federal Government to establish a clearinghouse to gather, on a con-
tinuing basis, information on innovation and its effects on jobs, skills,
training needs, and industry location. It also suggested extension of
Federal programs to ensure full employment and worker adjustment
assistance.

The Labor Subcommittee opposed easing business taxes to stimulate
industrial innovation. It recommended instead selective, expansionary
economic policies. The subcommittee opposed weakening environ-
mental, health, and safety regulations in the name of industrial in-
novation. It called for increased Federal funding and staffing for
regulatory agencies.

The Labor Subcommittee called for controls on technology exports
and imports and on the foreign operations of U.S.-based multina-
tional corporations. It also called for an end to incentives to foreign
direct investment.

The Labor Subcommittee supported recommendations in the area
of Federal procurement policy and patent policy, but opposed grant-
ing of title to private contractors for patents funded by the Govern-
ment. The labor representatives generally supported the recommenda-
tions in the area of information policy, but urged guidelines for
international flows of information.

The Labor Subcommittee called for a congressional investigation
of the effects of business concentration on competition and innovation.
It supported the Federal chartering of large corporations and strict
enforcement of antitrust regulations.

J. Public Interest Subcommittee Recommendations

Several of the main points of the Public Interest Subcommittee have
been noted previously in the discussion of the public symposia. Some
of these points are the conviction that the direction of innovation is
more important than its rate; that important social goals such as
health, safety, and the environment should not be sacrificed to the
economic concerns implied in the innovation issue; and that the Fed-
eral Government should only encourage innovation that it determines
is in the public interest. Moreover, the Public Interest Subcommittee
was unconvinced that there is an industrial innovation problem that
warrants Federal assistance. Despite these reservations, the subcom-
mittee made 21 recommendations for directing industrial innovation
toward important social objectives. These recommendations fell into
the following categories:

1 Policy and coordination at the Federal level;
2) Exemplary role for the Federal Government;
3) Reform of the voluntary standards-setting process;
4) Reform of the patent system;

(5) Small business and competition;
(6) Alternative forms of enterprise;
(7) Alternative technology;
(8) Consumer participation;
(9) Defense spending and conservation; and
(10) The effects of innovation on workers.
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II. THE PRESIDENT'S MESSAGE ON INDUSTRIAL INNOVATION

A. I'ntroduwtion

In a message to .the Congress on October 31, 1979, President Carter
announced a series of measures designed to "help ensure our country's
continued role as the world leader in industrial innovation." 3 His
message was a result of the Domestic Policy Review of Industrial
Innovation. This section presents a brief summary and analysis of the
President's innovation initiatives. The initiatives, which the President
called "an important first step," fell into nine areas:

(1) Enhancing the transfer of information;
(2) Increasing technical knowledge;
(3) Strengthening the patent system;
4) Clarifying antitrust policy;

(5) Fostering the development of small innovative firms;
(6) Opening Federal procurement to innovations;
7 Improving our regulatory system;
8 Facilitating labor-management adjustment to technical

change; and
(9 Maintaining a supportive climate for innovation.

The President's Message on Industrial Innovation and the accom-
panying Fact Sheet are included in the appendices to the Research
and Innovation Area Study volumes.

The initiatives are relatively low-key and do not appear to repre-
sent a major thrust on the part of the Administration. The first year
budget (fiscal year 1981) request for all of the new programs to-
gether was about $55 million, and it was not clear how much of this
represented new budget authority. The President's budget revision
resulted in some cuts in the innovation initiatives. Most of the in-
novation measures do not involve new legislation; perhaps two to
four pieces of legislation will be requested by the Administration.

The initiatives are perhaps most notable for what they omit. No
tax proposals were submitted. Administration officials explained that
tax proposals would be considered later in the context of the Presi-
dent's overall economic and tax policy proposals. At this time, it
seems unlikely that the President will support tax changes. Tax pro-
posals to stimulate capital formation and investment in R&D and
innovation are considered by many knowledgeable persons in this
field to be the single most important stimulus possible to innovation.
Although the initiatives range across a broad spectrum of policy areas,
there does not appear to be, on the surface, a framework or logic
for how they are supposed to hang together. In other words, there
does not appear to be a coherent Administration strategy of which
these initiatives form a part.

The implications for the Congress of the President's innovation
initiatives are of two basic kinds. First, the Congress will be called
upon to deal with legislation requested by the Administration. It
appears that this legislation will be primarily in the areas of patent

U U.S. Congress. House. Industrial Innovation. Message from the President of the UnitedStates, Transmitting Proposals for Fostering Industrial Innovation. Washington. U.S.Government Printing Office, 1979, 8 p. (96th Congress, lst session. H. Doe. No. 96-214.)
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reform and budget authorizations for fiscal year 1981. Second, the
Congress may wish to consider the adequacy of the President's initia-
tives for dealing with the perceived problem of industrial innova-
tion. For instance, congressional critics have voiced dismay that no
tax policy proposals were included in the package and a number of
tax proposals related to R&D, innovation, and capital investment gen-
erally, have already been introduced in the 96th Congress. A large
number of additional policy proposals to stimulate innovation through
a wide variety of mechanisms including tax policy, patent policy,
regulation, antitrust, Federal R&D funding, and Federal procure-
ment have been made recently (and over the last 10 to 15 years) by
industry, government officials, and academics. The Congress may wish
to consider some of these proposals in addition to those submitted by
the President. The Congress may also wish to develop a more syste-
matic strategy for dealing with the complex problem of engaging in
coordination and liaison activities between the Members and Com-
mittees with interest and jurisdiction in related areas. At this point,
further action in the area of industrial innovation effectively seems
to rest with the Congress, assuming that Congress chooses to act.

The rest of this section deals with each of the nine measures specif-
ically discussed in the President's message on industrial innovation
and with tax policy, an area relevant to innovation which was deferred
by the President. This section concludes with a brief discussion of
reactions to the President's message on industrial innovation.

B. Enhancing the Transfer of Information

The President's message provides two new initiatives for enhancing
the information transfer aspect of industrial innovation. Both of these
proposals involve expanding the role of the National Technical Infor-
mation Service (NTIS) for collecting and disseminating technical
information to industry. While these recommendations shoed improve
the amount of scientific and technical information collected and dis-
seminated, they do not insure the effective stimulation of innovation
in the United States. Key to enhancing innovation are the development
of appropriate information transfer mechanisms and more effective
integration of the information into the entire technology utilization
process.

Several key areas where improvements in information transfer mech-
anisms could be beneficial were not presented. Included would be such
things as:

Better consolidation and coordination of existing scientific and
technical information (STI) systems operated by the Govern-
ment;

Improvements in the classification of materials and better stand-
ardization of formats and protocols (domestic and interna-
tional);

Greater utilization of modern information technology for facili-
tating the transfer process; and

Better mechanisms for interfacing the public and private sectors
to improve user feedback on the utility of types of data and
transfer systems.
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The recommendation concerning interviews of returning U.S. over-seas visitors appears particularly weak in light of the need for un-biased technical data. Coordinated efforts could be made through in-ternational agreements-both bilateral and multilateral-to improve
the inflow of useful STI from abroad which might benefit U.S. indus-try more directly.

The President's recommendations in the information field will im-pact most directly on the operations and mission of NTIS. As a result,future congressional deliberations on new authorizations or appropria-
tions for NTIS may have to consider the President's recommendations
in light of NTIS' ongoing need to be financially self-sufficient, theemphasis on coordination and consolidation of information productsand services within the Government, and the current initiatives fordomestic technology transfer.

C. Increasing Technical Knowledge

The second area, entitled "increasing Technical Knowledge," buildson the tradition of direct Federal funding for R&D as a means of stim-ulating innovation. It should be noted, however, that many studentsof innovation believe that the availability of new technology is not amajor problem; they claim that much unused technology lies "on theshelf" awaiting changed economic conditions that will provide an op-portunity for its use. This point of view also holds that if new tech-nology is the solution to the problems of a firm or industry, the firmor industry will develop the new technology. Proponents of direct R&Dfunding, however, argue that, in some instances, the economic incen-tives are insufficient to stimulate innovation, the resources do not exist,or the risk is too high, thus justifying Federal involvement. It is prob-ably reasonable to include incentives to increase technical knowledge
as part of a balanced policy to stimulate innovation.

The Fact Sheet accompanying the President's message' describesthree initiatives in this area: (1) Generic technology centers; (2)regulatory technology development; and (3) improved industry-uni-
versity cooperation in R&D. President Carter proposed the establish-ment of generic technology centers (jointly funded by industry andgovernment, at universities or other private sector institutions) todevelop and transfer technologies common to a number of industries.This was done because of the widespread perception that there are anumber of these important generic technologies that need to be devel-oped and more widely applied, such as welding and joining, robotics,and corrosion prevention and control; that individual firms will under-invest in these technologies because the benefits to any single firm willbe small; and that these technologies can be significantly upgraded. Itis also believed that this mechanism offers the opportunity to use togreater advantage the capabilities of universities in improving indus-trial technology.

Some of the issues raised by the proposed centers include the ques-tion of administrative arrangements-how will authority and respon-sibilities be shared by industry, academia, and Government? Thebalance of power in these arrangements may affect the nature of work
'See the Appendices to this report for the President's message and the fact sheet.
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done in the centers and its ultimate use in industrial operations. There
is also a question of conflicts with antitrust policy. The Department of
Justice has indicated that, in some circumstances, use of the centers
by firm with large market share could be viewed as an infraction of an-
titrust law. There is also a question of how well this type of activity
will fit into the university environment, which traditionally has been
oriented toward fundamental research and publication.

The second intiative in this area, which is mentioned in the Fact
Sheet but not in the President's message, is to ask the Office of Manage-
ment and Budget to examine closely the nature and extent of Federal
expenditures on regulatory compliance technology and to bolster the
Federal effort. Some students of regulation have called for enhanced
Federal support of development of compliance technology as a major
component of environmental policy. They claim that such support is
necessary, especially for firms and industries in which the cost of new
technology is high relative to assets. This is part of a growing concern
over the high economic costs associated with achieving environmental
goals. Other persons object to increased Federal support of compliance
technology, asserting that private industry must pay for the environ-
mental damages caused in years past. From an analytical perspective, it
may be difficult to determine in what areas Federal support should be
given priority. Since the President did not mention this initiative spe-
cifically in his speech and a specific figure is not given for an increased
funding level, the probability of significantly increased Federal fund-
ing for compliance technology is difficult to assess at this time. Addi-
tional regulatory measures were proposed under "Improving Our
Regulatory System," discussed in a later section of this paper.

The third area of presidential initiatives in this area is improved
industry-university cooperation in R&D. The rationale for this initia-
tive is that the "scientific and technological strength of American uni-
versities has not been harnessed effectively in promoting industrial
technological advance." Therefore, increased funding for an NSF pro-
gram of support for joint industry-university R&D is proposed. Some
of the same issues of administrative arrangements mentioned in the
discussion of generic technology centers pertain here. Other issues in-
clude possible problems in scaling up the existing NSF program (from
a level of about $5 million to about $25 million per year) and possible
constraints on the program due to the NSF's traditional orientation
toward basic research. The President proposed to extend the NSF pro-
gram to other.agencies in future years, with the objective of eventually
spending about $150 million in this way.

The Congress is currently considering two bills, S. 1250 and H.R.
4672, which would establish centers for industrial technology which
are substantially similar to the generic technology centers proposed by
President Carter. These bills were introduced and hearings held in
1979; further action is expected in 1980. Establishment of the generic
technology centers in the Department of Commerce and the National
Science Foundation probably would require congressional authoriza-
tion. It is not clear at this time how much of the proposed funding
would require new budget authority and how much would be repro-
grammed. The initiative on regulatory technology development evi-
dently would not require congressional action in the 96th Congress.
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If the Office of Management and Budget concludes from its examina-
tion of the budget that Federal expenditures on regulatory compliance
technology should be increased, the Congress likely would review the
proposed expenditures in the fiscal year 1982 budget. The proposed
increase in the NSF program of joint industry-university R&D would
require congressional authorization of the fiscal year 1981 budget.

D. Strengthening the Patent Systemi

The measures announced by President Carter in the area of strength-
ening the patent system fall into two major categories: (1) The owner-
ship of inventions resulting from federally funded R. & D. and (2) a
general revision of the U.S. patent laws. Both areas of concern have
been addressed by the Congress for a number of years, but without
the enactment of comprehensive legislation on the subjects. In the 96th
Congress, several bills on both subjects have been introduced.

OWNERSHIP OF INVENTIONS RESULTING FROM FEDERALLY FUNDED R. & D.

U.S. Government agencies generally retain title and rights to inven-
tions resulting from federally funded R. & D. (generally about 50 per-
cent of the Nation's entire expenditure), made either by Government
contractors, grantees, or in-house Government employees. The Presi-
dent's message addressed the major issues involved in the ownership
of inventions resulting from federally funded R. & D., which are: (1)
whether the Government uniformly should take title to inventions de-
rived from federally funded R. & D., thereafter licensing the inven-
tions to potential users; (2) whether such licenses should be exclusive
(permitting only one user) or nonexclusive; (3) whether, like some
Government agencies, the Government in general should waive its
rights to such inventions, providing that the Government's investment
is safeguarded by the Government's royalty-free use for its own pur-
poses and by "march-in-rights" to ensure that if a user does not, in fact,
use the invention, other users may be licensed or the waiver can be ter-
minated; (4) what the Government's rights are in contractor- or
grantee-developed patents covering related inventions made by the
contractor or grantee before or outside of the contract or grant effort
in question ("background patents"); and (5) whether a comprehen-
sive, Government-wide patent policy is required. There is not now such
a uniform Federal patent policy.

There currently seems to be a strong movement toward enacting
legislation: (1) to waive Government patent rights and/or to grant
exclusive rights in specific cases to private firms and individuals,
providing that there are strong Government march-in rights and other
safeguards to protect the Government's R&D investment; and (2) to
make this a comprehensive, Government-wide policy. In the 95th Con-
gress, the "Thornton bill," introduced by Representative Thornton, in-
corporated such features. Extensive hearings were held on this bill by
the House Committee on Science and Technology in that Congress,
but no legislation was enacted. In the 96th Congress, a bill similar to
the Thornton bill has been introduced, as have bills that incorporate
some of the Thornton bill's features with specific reference only to

56-367 0 - 81 - 20
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universities, nonprofit institutions, and small businesses. In short, the
measures discussed in President Carter's message are largely incor-
porated within bills already introduced in the 96th Congress and for
which there seems to be significant support both in Congress and the
private sector.

GENERAL REVISION OF THE PATENT SYSTEM

There seems to be a widespread belief that a number of aspects
of the existing U.S. patent system need to be improved. Major legis-
lation in the 94th Congress (S. 2255) was introduced on this subject,
but not enacted. Similar legislation was not introduced in the 95th
Congress; several bills on this subject have been introduced in the
96th Congress. A general revision of the patent system would bene-
fit technological innovation by streamlining the processes by which
many inventions are incorporated into the industrial innovation
process. Most observers apparently believe that revision of, or signifi-
cant improvements in, the patent system, generally in line with the
President's message, would be a particularly useful contribution to
technological innovation.

E. larif ying Antitruet Policy

The President listed the clarification of antitrust policy as one of
the "critical areas" surrounding the major issue of industrial inno-
vation. Because, as he stated, "our antitrust laws are often mistakenly
viewed as preventing all cooperative activity," the President indicated
that he would request that the Department of Justice issue a "guide
clearly explaining its position on collaboration among firms in re-
search" and would request a "broader program of improved commu-
nication with industry by the Justice Department and the Federal
Trade Commission."

The Antitrust Division of the Department of Justice currently has
indicated its proposed enforcement activities in the areas of mergers
(Merger Guidelines) and international activities (Antitrust Guide
to International Operations). The Department also currently operates
a Business Review Procedure, pursuant to which firms may submit
proposals for assessment and an indication of the Department's en-
forcement intentions. The Business Review process is "transaction spe-
cific," however, and could be supplemented usefully by a general joint
research and development guide, which would probably do much to
disseminate the Department's philosophy of antitrust enforcement in
that area, likely dispelling some of the uncertainty and apprehension
currently felt by the business community.

Speeches by members of the Antitrust Division have given some in-
dication of the Division's interpretation of the antitrust laws as they
interact with business' desire to engage in joint research and develop-
ment activities. "The concern of antitrust policy is to properly bal-
ance the possibility that firms can better achieve a particular tech-
nological end through collaboration.... Although the antitrust laws
prohibit only those joint ventures which unreasonably restrain trade,
economic evidence indicates that economies of scale in R. & D. may
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not be presumed, and thus that joint activities may frequently be un-
necessary for innovation by firms of moderate size." 5 Nevertheless, a
formal guide setting forth some of the particular considerations
deemed relevant to the Department's decision whether to prosecute a
particular joint R. & D. activity (and perhaps presenting some hypo-
thetical scenarios, as does the Antitrust Guide to International Opera-
tions) would likely be helpful to the business community. So, too,
would regular communications between the Department and members
of the business community, and the Federal Trade Commission and
members of the business community.

Probably no major new legislation is required in order to carry
out the goal of clarifying antitrust policy vis-a-vis R. & D. and inno-
vation. The Congress, rather, will probably choose to oversee the ac-
tivities of the several involved executive branch departments and
agencies (like the Departments of Justice and Commerce and the Fed-eral Trade Commission) to determine whether they, in fact, are carry-
ing out the intent of the President's message. If this intent is carried
out, probably most of the perceived problems involving antitrust as-
pects of industrial R. & D. and innovation either will be ameliorated or
brought into sharper focus for specific congressional or executive
branch action.

F. Fostering the Development of Small Innovative Firmn

The President, in his message, noted that small businesses have his-
torically played an important role in bringing new technology to
the market place and in providing new jobs. Moreover, small innova-
tive businesses have been hurt disproportionately by reductions in the
availability of venture capital in the 1970's and by the costs of regu-
latory compliance. For these reasons, it is widely believed that small
innovative businesses are especially deserving of Federal assistance.

The President's message mentions two initiatives in this area. One
is to enhance the NSF's Small Business Innovation Research (SBIR)
Program by $10 million. (The NSF will also assist other agencies in
implementing similar programs, with total funding eventually to
reach $150 million per year.) The Fact Sheet mentions that the exist-
ing SBIR program has been praised by many and has resulted in proj-
ects for which follow-up private-sector funding has been pledged. No
public, formal evaluation of the program has been conducted, how-
ever. A general issue to be considered in providing venture capital
for innovation, and one that remains unsettled in the case of the SBIR,
is whether public funds drive out private funds that would otherwise
be available. If this is the case, then Federal funding does not result
in a net increase in venture capital availability. Other issues that
should be considered are possible problems in scaling the existing $2.5
million activity to a $10 million activity in one year and possible con-
straints placed on the program due to the National Science Founda-
tion's traditional orientation toward the support of basic research at
universities.

5 Ewing, Ky. Deputy Assistant Attorney General, Antitrust Division, "Competition andInnovation: The Creative Relationship," speech presented to National Association of Manu-facturers. Mar. 29. 1979.
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The second initiative mentioned in the President's message is the
establishment of two Corporations for Innovation Development
(CID) to provide equity funding for new small firms that will develop
and market promising high-risk innovations. The message states that
these not-for-profit corporations will be established with State or
regional capital and the Federal Government will provide each with
matching loan funds up to $4 million. The CID's will be modeled
partly after the National Research and Development Corporation
(NRDC) in Great Britain and existing state corporations, such as
the Connecticut Product Development Corporation. It appears that
only two CID's are planned, since no plans for additional CID's are
mentioned and the stated purpose is "to lead the way for States or
regions to establish CID's." The achievements and effectiveness of
existing programs should be carefully evaluated in establishing and
administering the CID's.

A third initiative mentioned in the Fact Sheet, but not in the Presi-
dent's message, concerns the participation of small R. & D. businesses
in Federal R. & D. procurements. The Fact Sheet states that "the
small business community correctly believes that given their number,
and the significance of their role in the innovation process, they re-
ceive a disproportionately low percentage of Federal R. & D. dolars."
Therefore the President directed all Federal R. & D. agencies to: (1)
develop policies to ensure that small businesses are not unfairly ex-
cluded from competition; (2) publicize opportunities for small busi-
nesses to participate; and (3) report their progress toward increasing
small business participation annually to the Office of Management and
Budget. This measure is of doubtful priority since it did not appear in
the President's message itself. It has been criticized as being too weak
by some Members of Congress who favor setting some percentage of
an agency's R. & D. budget that must go to small businesses. On the
other hand, most agencies oppose stronger measures, such as quotas,
because they increase the constraints within which the agencies must
administer their programs. Moreover, the agencies claim that the
administrative costs and uncertainties of dealing with a large num-
ber of small firms are higher than those of dealing with a smaller
number of large firms.

Congressional authorization would be required for the proposed
increases in the NSF's Small Business Innovation Research Program
for fiscal year 1981. Authorizations for similar programs in other
agencies may require congressional authorizations in future fiscal
years. Similarly, the establishment of the Corporations for Innova-
tion Development, through the Department of Commerce, would
require congressional authorizations in the fiscal year 1981 budget.
The President's initiatives with respect to Federal support for small
R. & D. businesses probably would not require congressional action.
S. 1074, introduced bv Senator Kennedv in the 96th Congress, ad-
dresses the same problem, but sets minimum percentages of each
agency's R. & D. budget which must be allocated to small businesses.

G. Opening Federal Procurement to Innovations

The President's Federal procurement initiatives express the belief
that the procurement process can assist in stimulating the develop-
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ment of innovative products and services. The substitution of "per-
formance" for "design" specifications, as well as considerations of
life-cycle management costs over initial purchase price, are two prime
foci of the President's initiatives. An elaboration of this policy directs
the Office of Management and Budget's (OMB) Office of Federal
Procurement Policy to introduce reforms in Federal procurement
practices by establishing uniform procurement policies and regula-
tions. Responsibility for expediting and implementing reforms is to
be given to a designated senior official within each Federal agency.
In addition, the General Services Administration is directed to ex-
pand the New Item Introductory Schedule to improve and publicize
new items.

The shift from design to performance or functional specifications
in procurement, while a perceivable trend, represents a change of em-
phasis among certain Federal agencies. There seems to be a consensus
that performance specifications serve to stimulate innovation by allow-
ing more diversity in design. It is suspected, however, that implemen-
tation of this policy may affect controls that agencies currently have
in the procurement process. Agencies may find it difficult to relinquish
these controls, making implementation of the policy difficult. Per-
formance or functional specifications may be appropriate in certain
areas where controls are not critical and when the innovative process
will be enhanced. Another factor that may inhibit innovation is the
requirement for uniformity in procurement policies and regulations.
While uniformity may be a reasonable feature in most instances, it
may lack the necessary flexibility to stimulate innovation.

Unfortunately, improving the time frame of the procurement process
is not addressed in the Presidential initiatives, and long delays may
adversely affect innovations which have a critical developmental time
period.

The presidential initiatives indicate the designation of a senior offi-
cial, but fail to specify modification or expansion of Federal organiza-
tion to provide appropriate support in this area. It is also not clear
from the Administration's initiatives if the intent of OMB Circular
A-109, "Major Systems Acquisition" and OMB Circular A-76, "Poli-
cies for Acquiring Commercial or Industrial Products and Services
Needed by the Government" will be effectively utilized and reformed to
augment the innovation process.

As an example of congressional oversight of the procurement proc-
ess, the House Committee on Government Operations currently re-
views Federal ADP procurements meeting certain cost or size criteria.
This type of congressional review of Federal procurement, while not
extensive, permits a selective review of procurements which may pro-
mote innovations, but rarely provides the comprehensive oversight
of the Federal procurement process that may be necessary to signifi-
cantly stimulate industrial innovation. Consequently, providing incen-
tives to stimulate innovation through the procurement process may
require some new governmental approaches. For example, Congress
could choose to consider the potential of requiring an early identifica-
tion by departments and agencies of those procurements that may con-
tribute to the development and implementation of innovative tech-
nologies and processes. The possibility of Congress requiring "innova-
tion impact statements" in the Federal procurement process also may
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deserve some attention. Congressional consideration also could be given
to the establishment of a viable Federal-wide forum or focus to pro-
mote innovation through the procurement process, and to the possi-
bility of developing a Federal procurement clearinghouse to pinpoint
potential innovations.

H. Improving Our Regulatory System

The three steps outlined by the President to foster innovation
through regulatory improvement would allow industry to select and
adopt technology to achieve performance standards; require the execu-
tive branch agencies to forecast concerns and priorities; and establish
systems for expediting approval of new projects and processes. Few
would argue with these initiatives; but overall, the President's posi-
tion regarding the impact of regulations on innovations seems to
ignore potential complementarity of two forces.

First, no explicit consideration is given to the role that regulation
can have in stimulating innovation. To the extent that regulations re-
flect appropriate social goals, they can and often do serve to encour-
age innovations which can benefit not only society at large, but also
industry. For example, the goal of the Clean Water Act for zero dis-
charge of pollutants-which has often been decried as impossible-
nevertheless may have been an important force in the development of
water recycling technologies which frequently save money. Similarly,
the Clean Air Act requirements for auto emission controls have led to
technological developments permitting reductions in emissions that
might never have been obtained from market place forces.

Second, the call for continuation of cost-impact analysis is a call
for extending the present philosophy which leads to irresolvable con-
flicts about the costs of complying with environmental and health laws,
and gives further legitimacy to demands for reduced regulation and
the relaxation of standards. The reason is that cost-impact studies
emphasize the adverse impact of applying end-of-the-pipe technolo-
gies to outdated and inefficient technologies, while ignoring the poten-
tial benefits of innovative changes, especially in process design. Focus-
ing instead on cost-effectiveness studies-studies illustrating how es-
tablished goals could be achieved at least cost-would have presented
a positive approach to merging the multiple objectives of the Nation.
For example, a cost-effectiveness study for pollution control in the
steel industry would, or could, encompass various technologies, includ-
ing direct reduction and continuous casting. Benefits would likely in-
clude significant energy savings, improved yield and less home scrap
production, reduced pollution, reduced capital costs, increased poten-
tial for use of purchased scrap, and improved productivity.

In short, the President's recommendations-appropriate in them-
selves-are limited by the preconception that regulations and innova-
tion are antagonistic, while, in fact, they can and should be examined
in light of how they can complement each other-and in so doing con-
tribute positively to other national goals as well.

Regulatory reform is a major oversight issue now before Congress.
A number of environmental programs are included in this review, but
typically the emphasis has been on how these programs delay new
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energy facilities and impact on the economy; their impact on inno-
vation has generally been a secondary concern, although the need for
innovative pollution control technologies has been the subject of some
congressional investigations. Whether the President's report will in-
crease the attention Congress gives to the environmental regulation-
innovation issue remains to be seen.

I. Facilitating Labor-Management Adjustment to Technical Change

To achieve the objective of facilitating labor-management adjust-
ment to technological change, the President has proposed the establish-
ment of a national labor-technology forecasting system, supported by
both labor and management, "to forecast technological change within
specific industries and to assess the implications for labor of such
change." As a result of such forecasts, labor and management, pre-
sumably via the collective-bargaining process, could provide for re-
training and other adjustment activities.

A forecasting system does not guarantee that management will be
fully willing to take the necessary steps to reduce or eliminate the
initial adverse effects on workers; such programs would have to result
from the collective-bargaining process. Also, technological forecasts
for specific industries -re sometimes difficult to achieve given the un-
certainties of technological development and the introduction of new
technology in some industries. Only if some agreement could be made
as to the timing of the adoption of new technology would a forecasting
system benefit labor and management. Finally, the majority of the
work force is not unionized or covered by collective-bargaining agree-
ments and some specific industries, like the apparel industry, are
largely nonunionized. Consequently, provisions would have to be made
to ensure that nonunionized workers also would benefit from the fore-
casting system to be supported by both (unionized) labor and
management.

Congressional action on the President's initiative for facilitating
labor/management adjustment to innovation most likely would be in
the form of oversight. In the White House Fact Sheet accompanying
his message on Industrial Innovation, it is stated that the President
has directed the Secretaries of Labor and Commerce "to work jointly
with labor and management to develop a national Labor-Technology
Forecasting System." Congress could, during appropriations hearings,
investigate the extent to which the system has been implemented and
the role that management and labor (unionized and nonumionized)
have played in the system's implementation.

J. Maintaining a Supportive Federal Climate

The President's initiatives in the area of "maintaining a supportive
Federal climate" for innovation constitute explicit recognition that,
in addition to direct intervention in innovation, the Federal Govern-
ment has a role to play in maintaining a climate that is favorable to
private sector innovation. The President's measures in this area
include: (1) asking the Department of Commerce and the National
Science Foundation to host a meeting of deans of business and engi-
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neering schools to stimulate improved curriculum development (men-
tioned only in the Fact Sheet which accompanied the President's
message); (2) establishing a Federal award for technological inno-
vation for companies in six areasc of industrial activity; and (3)
"charging the National Productivity Council with the continuing
tasks of monitoring innovation, developing policies to encourage in-
novation and assisting the departments and agencies in implementing
the policies announced today."

The third point is the only reference in the President's message to
a possible focus for formulating national policy, and for coordinating
the relevant programs of the several involved departments and agen-
cies in the substantive areas of technological innovation mentioned
throughout the message. It remains to be seen whether: (1) this po-
tentially rather low-level commitment to policy formulation and pro-
gram coordination may be a reflection of an administration view that
the national problems associated with technological innovation can
be addressed most effectively at the national level by a decentralized
approach; or (2) whether it is an effective commitment of resources
on the part of the administration for coming to grips with the inno-
vation problem in an effective. comprehensive. and coordinated fash-
ion at the highest policymaking levels of the Government.

In the 96th Congress, an Ad Hoc Task Force on Technological In-
novation was established in the House, chaired by Rep. AuCoin. In
the Senate. Sen. Cannon has announced that he has requested the for-
mation of a similar task force. Depending upon the thrust, strength,
and duration which the Administration's activities in the area of
industrial innovation take in the future, Congress-including these
two task forces and the several committees in each house involved in
different aspects of innovation-may choose to expand its role in the
Federal efforts to support industrial innovation as embodied in the
President's initiatives. Based upon congressional and other views dis-
cussed in the last section of this paper, "Reactions to the President's
Message," it now appears possible that the Congress will assume the
leading Federal role in: (1) maintaining the visibility and momentum
of Federal efforts in and (2) continuing to develop a comprehensive
approach to improving the Nation's performance of industrial in-
novation. This would include consideration of legislation in several of
the areas as discussed in this paper, as well as oversight of the several
executive branch activities proposed and instituted by the President.

K. Tax Policy

Although changes in the tax laws were suggested frequently during
the course of the domestic policy review, the President's message on
industrial innovation contains no tax policy initiatives. Citing the
budgetary and economic implications of changes in the tax code, the
administration signaled that such proposals may be forthcoming
after its review of economic policy for fiscal year 1981.

A wide range of tax options is available to stimulate innovation.
Tax incentives may be used to reduce the costs of innovative activ-
ities. A tax credit for research and development expenses is one
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example of this approach. Another example is more favorable depre-
ciation allowances for plant and equipment used in commercializing
new products or production technologies. Other tax changes are ad-
vocated to enhance the innovative capabilities of small businesses.
These proposals are often designed to aid new, high-technology
companies in raising equity capital to finance their formation and
expansion. Capital gains tax cuts and special treatment of income
from small business stocks are examples of this approach.

General investment incentives are viewed as providing encourage-
ment for industrial innovation. The faster firms expand their capital
stock, the greater the demand for new and improved production
techniques. More rapid depreciation policies, corporate tax rate re-
ductions, a higher investment tax credit, and other business income
tax changes are recommended in this context.

Controversy exists over the use of the tax code in providing incen-
tives for innovation. Opponents of such measures question the re-
sponsiveness of R. & D. and investment expenditures to tax changes by
citing the importance of more fundamental economic forces in sueh
decisions. They also point to problems like the windfall that firms
and individuals would realize, the added complexity of the tax code,
and administrative burdens resulting from such tax incentives. Ad-
vocates of these policies highlight the alleged effectiveness of other
tax incentives, such as the investment tax credit, and cite the minimal
governmental involvement required when using the tax code to en-
courage industrial innovation.

The President may propose tax incentives for innovation in his
budget message or, possibly, in a tax cut proposal. Independently,
several tax measures have gained some support in Congress. Bills
that would accelerate depreciation allowances for businesses have
several cosponsors in each House. Tax credits for R-& D. expenses and
tax incentives for small innovative companies have also been proposed
and may be part of a broader tax bill, if one is enacted.

L. Reactionm to the President's Mfes~tage

Initial reactions to the President's message in the science policy
and political press, in many cases, were disappointed or muted in
tone." The thrust of these reactions seems to be that the President's
proposed measures are not sufficient to do the job of solving many
of the perceived national problems in industrial innovations. For
example, tax measures relating to innovation were not included-
they are to be "evaluated" at the time the President considers his
fiscal policies for fiscal year 1981. Likewise, concern was expressed
that the proposed funding and programmatic efforts are too minimal
to be effective. On the other hand, the President's proposed measures
in regard to patent policy have been favorably received, in general,
as being in line with legislation already in Congress.

5 See, for example, White House Innovation Study Falls Short. Chemical and Engineering
News, v. 57, Nov. 5, 1979: 7-8; Stanfield, Rochelle L. Not Much Innovation Here. National
Journal, v. 11, Nov. 10, 1979: 1901; Wade. Nicholas. Carter Plan to Spur Industrial Inno-
vation. Science, v. 206, Nov. 18, 1979: 800-801; and Carey, William D. Stalking Innova-
tion's Woes, Science, v. 206. Nov. 23. 1979: 889.
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As to the magnitude of his measures, the President stated that the
message represents only "an important first step" and "an early skir-
mish in what must be a continuing battle to maintain the technological
strength of the American economy." In response to one critic, Stuart
E. Eizenstat, Assistant to the President for Domestic Affairs and
Policy, and Dr. Frank Press, Science and Technology Adviser to the
President, stated that: 7

The President's proposals reflect a sensitivity to the need to make many
changes in a variety of areas. Moreover, many major changes improving our
regulatory system, strengthening the patent system, clarifying antitrust policy,
and encouraging innovation through normal federal procurement urocess-do not
Involve new federal expenditures. The implication that the output is insignifi-
cant because it involves few expenditures, ignores economic realities and the
value of the president's many non-spending initiatives.

Perhaps a fair assessment of the likely impact of the President's
message on industrial innovation was made by William Carey: 8

On balance, the outcome of the Domestic Policy Review is a plus. Although it
hardly improves the near-term prospects for regenerating innovation in the na-
tional economy, it is credible as far as it goes. If the early skirmish prefigures an
escalated campaign to come to grips with the questions, there will be no cause to
complain.

Reaction in the Congress to the President's message was swift. Dur-
ing hearings on industrial innovation jointly held by four committees,9
about one hour after the President released his message, several of the
Members expressed some criticism of one or more of its proposed
measures. The general tone of this congressional criticism seemed to be
"too little too late." 10

Further congressional reactions were expressed during the Indus-
trial Innovation Colloquy held in the House on December 13, 1979,11
during which several Members, including Rep. AuCoin, Chairman of
the Ad Hoc Task Force on Industrial Innovation; Rep. Fnqua, Chair-
man of the Committee on Science and Technology; and Rep. Brown
(of California), Chairman of the Subcommittee on Science, Re-
search, and Technology, expressed their views on, among other things,
what Congress now must do in the area of industrial innovation. The
general view of these Members seemed to be that Congress now must
push ahead in its legislative programs related to industrial innovation
in order to maintain the Federal momentum begun by the President's
"first step."

In short, it appears that whatever its merits, and there are several,
the President's message on industrial innovation fell short of expecta-
tions. It is still to be determined whether the Administration's meas-
ures will also fall short. Whatever happens in the executive branch,
however, it is likely that the ball has been passed to the Congress to de-
cide whether to play a leading role in continuing to develop a compre-
hensive Federal approach to improve the Nation's performance of
industrial innovation.

7Eizenstat, Stuart E. and Prank Press. The Innovation Battle. The Washington Post.
Nov. 13, 1979: A is.

a Op. cit.
D Senate Committee on Commerce, Science, and Technology and the Select Committee on

Small Business; and the House Committees on Small Business and Science and Technology.
10 See footnote 6.
u Industrial Innovation Colloquy. Remarks in the House. Congressional Record. v. 125,

Dec. 13, 1979: H11982-H12005. [Daily Edition.]
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III. IMPLICATIONS FOR THE CONGRESS

From the time of its announcement in May 1978, the executive
branch Domestic Policy Review on Industrial Innovation was the
focus of attention of the entire innovation community, public and pri-
vate. Speculation about the President's decisions ended when he made
his announcement on Industrial Innovation on October 31, 1979. The
foregoing material comments upon and reviews the two major public
aspects of this exercise, the inputs to the Department of Commerce by
its Advisory Committees in its public meetings and final report, and
the outputs from the Office of the President. What is not discussed are:
(1) the publicly unavailable materials from the executive branch de-
partments and agencies that were inputs to the study and (2) what
went on within the Department of Commerce study and the reaction
to that study within the White House and other executive office review
agencies.

During the 17-month period that the domestic policy review was in
process, many other studies were being conducted in the industrial
sector and in academic institutions. There are several implications for
the Congress.

First, of course, are the direct requests to Congress made by the
President in his Message. Several actions are explicitly directed to the
Congress and several others implicitly require congressional action,
perhaps in another context than a direct response to the Industrial
Innovation message.

Second, many expectations were generated in the many studies, par-
ticularly the Advisory Committee recommendations, that were not
reflected in the President's Message. Clearly, the intensive participa-
tory process of the DPR generated momentum for ideas that suddenly
were left without a patron when the President did not reflect them in
his Message. These groups may now be expected to turn to the Con-
gress to seek action on their proposals in which they have invested so
much time and effort and, in a few cases, emotional commitment.

Third, there are the pressures, however indirect and diffuse, from
the many parallel conferences, studies, and articles in the media on the
general subject of industrial innovation. For those items that were not
reflected in the President's Message, it is reasonable to expect that
overtures will be made to the Congress for initiatives in these areas.

The fourth implication for the Congress is that, independent of the
recommendations of the President or of the external groups, an oppor-
tunity is presented by the plethora of information now available for
the Congress to take independent initiatives and to exercise leadership
in a variety of areas relating to industrial innovation.

One of the clearest messages of the material on Research and Innova-
tion is that analyses of individual items of the innovation system are
probably not required until more thoughtful, strategic, and holistic
policy directions are set. In a sense, since the academic, industrial, and
interest groups, agencies, and the President himself have spoken in
this area, the ball seems clearly to be in the lap of Congress.
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ABSTRACT

This report is the summary and analysis of a workshop discussing
public policy options related to research, development, and innovation
activities and the contributions of those activities to economic change.
The discussions of the workshop and this report were organized around
four thematic questions:

1. What would happen if no new policy initiatives related to
research and innovation were adopted in the next several years,
and existing trends continued in both Federal support of R&D
and Federal policies for stimulation and regulation of innovation?

2. What do we know about the contribution of research and
innovation to productivity growth and economic change?

3. Do we know enough about the process of innovation to design
effective government interventions intended to stimulate that
process?

4. What are the potential policy options for Congressional
consideration? What information is required before such options
can be fully assessed?

Among the themes stressed during the workshop discussion were:
1. The apparent decline in the vitality of U.S. technological

infrastructure and the loss of an "innovative elan"; and
2. The lack of definitive knowledge about the relationships be-

tween investments in research and development and desirable
economic change.

*Director, Graduate Program in Science, Technology, and Public Policy, George Wash-
ington University, Washington, D.C.
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Although the workshop discussions produced no consensus on spe-
cific policy options, the general sense of participants was that:

1. There was a need for both remedial and anticipatory policy
actions in the research, development, and innovation areas; and

2. There is enough knowledge, given the risks of no action, on
which to base policy choice.

Policy options identified in this report as meriting particular atten-
tion included:

1. Developing attitudes and mechanisms supportive of positive
government-business relationships in the areas of civilian research
and industrial innovation;

2. Examining the organizational structure of the Executive
Branch, with respect to its ability to carry out the Federal role
in those areas, including the support of basic and applied research
for industrial application;

3. Identifying existing Federal policies and practices which act
as barriers or deterrents to innovation, and where it is possible
without compromising the primary objectives of those activities,
modify them to remove or reduce their negative innovation
impacts;

4. Lessening Congressional pressure (or at least correcting the
perception of such pressure) for short-term evidence of the suc-
cess of Federal actions in support of industrial innovation, in-
cluding research support and support of demonstration projects;
and

5. Developing incentives for labor and labor unions aimed at
persuading them to accept, if not actively support, technological
changes in the manufacturing and service sectors.
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1. INTRODUCTION

This report is intended as a contribution to the Special Study on
Economic Change (SSEC), currently being carried out under the
direction of the Joint Economic Committee of Congress. That study
was initiated in 1977, and its findings will be issued in 1980. The Spe-
cial Study will be a comprehensive and future-oriented look at the
total range of factors influencing, and influenced by, economic change.
It's underlying thesis is that-
economic, social, political, international, and technical conditions have changed,
and are still changing markedly. . . . No country today seems able to provide
full employment, stable prices, continued growth, and nonbeggar-thy-neighbor-
liness, all at the same time.'

and that-
In critical watershed periods in our economic history, like the present, we need
to reexamine the bases upon which we formulate economic policy.2

In organizing the Special Study, the Joint Economic Committee
recognized the important role of technological innovation in influenc-
ing change, and the equally strong influences on the research, develop-
ment, and innovation enterprise coming from the operation of the
economic system. Reflecting these relationships, the Special Study
has given particular attention to issues related to research and innova-
tion. This report is part of that effort.

The focus of this report is those potential policy options related to
research, development, and innovation which appear to merit con-
gressional consideration in the overall context of the Special Study on
Economic Change. The time horizon of the Special Study concen-
trates on the midterm (15 to 30 years in the future), rather than on
short-term remedial actions or on longer term future possibilities. This
time frame is broad enough to encompass the future impacts on eco-
nomic change of shifts in the technological innovation process. This
report focuses on how to make those impacts socially desirable. Dr.
Charles Sheldon, Research Director for the Special Study defined the
goals of this report succinctly. He pointed out that what policymakers
want from this kind of research effort is "consensus views and building

' Representative Richard Bolling in Congressional Record, Oct. 12, 1978, p. H12757.
2 Senator Jacob Javits in Congressional Record, Oct. 13, 1978, p. S18926.
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blocks" on what is, and is not, known about a particular class of
economic relationships, so that they can make policy choices "from
at least a firm foundation about the state of knowledge." Given the
general sense of a watershed point in U.S. economic history upon
which the SSEC is premised, Sheldon said, "What we need today are
new building blocks to replace some of the old ones." 3 The policy
options identified and analyzed in this report may be such "building
blocks," i.e. paths of action which, in combination, may channel the
process of technological innovation in U.S. society toward that so-
ciety's economic and social well-being.

2. ORGANIZATION OF THE REPoRT

The analysis in this report is based primarily on discussions on
research and development, technological innovation, and economic
change at a workship convened by the Graduate Program in Science,
Technology, and Public Policy of The George Washington University
in December 1978. Attendees at that workshop considered four
thematic questions:

1. What would happen if no new policy initiatives related to
research and innovation were adopted in the next several years,
and existing trends continued in both Federal support of R&D
and Federal policies for stimulation and regulation of innovation?

2. What do we know about the contribution of research and
innovation to productivity growth and economic change?

3. Do we know enough about the process of innovation to design
effective government interventions intended to stimulate that
process?

4. What are the potential policy options for Congressional con-
sideration? What information is required before such options can
be fully asssesed?

Participants in the workshop included experts knowledgeable in
all aspects of the research, development, and innovation processes, and
government officials involved in the Special Study on Economic Change
and in the concurrent executive branch review of industrial innova-
tion. Participating 4a were:

Barry Barrington-R&D Policies and Priorities Program, Office
of Technology Assessment

William Boesman-Science Policy Research Division, Library of
Congress

Edward Brenner-Association for Advancement of Invention
and Innovation

Kenneth Brownz-Program Analysis Division, General Account-
ing Office

Marvin Cetron-President, Forecasting International, Inc.
Osmund Fundingsland-Assistant Director, Program Analysis

Division, General Accounting Office
Bela Gold-Professor of Industrial Economics, Case-Western

Reserve University

Remarks by Dr. Charles Sheldon to Workshop on Research, Innovation, and Economic
Change, Dec. 14, 1978 (from workshop transcriPt).

'Afflhiations of participants are at the time of the workshop and are given for Informa-
tion; participants spoke as individuals, not as representatives of their organization.
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Walter Hahknb-Senior Specialist in Science, Technology and Fu-
tures Research, Library of Congress (Director, Research and
Innovation Area Study, SSEC)

William Hamilton-Director, Management and Technology Pro-
gram, University of Pennsylvania

Richard Kaufmman-General Counsel, Joint Economic Committee
Ron Konkel-General Electric Research and Development Center

(on leave from Office of Management and Budget)
Carol Kitti-Division of Policy Research and Analysis, National

Science Foundation
John Logsdon-Director? Graduate Program in Science, Tech-

nology and Public Policy, George Washington University
Norman McEachron-SRI International
Stephen Merrill-Subcommittee on Science, Technology, and

Space, U.S. Senate
Sumner Myers-Director, Technology and Transportation Pro-

grams, Institute of Public Administration
Mary Ellen Mogee-Science Policy Research Division, Library

of Congress
Henry Nau-Graduate Program in Science, Technology, and

Public Policy, George Washington University
Martin Robbins-Director, Colorado Energy Research Institute
Albert Rubenstein-Department of Industrial and Management

Science, Northwestern University
Th~eodore Schell-Special Assistant to the Assistant Secretary for

Science and Technology, Department of Commerce
Theodore Schlie-Office of the Assistant Secretary for Science and

Technology, Department of Commerce
Charles Sheldon-Research Director, Special Study on Economic

Change (on leave as Chief, Science Policy Research Division,
Library of Congress)

Robert Stern-The Conference Board
Sections 4-7 of this report consider each of the four thematic

questions in order. Each section includes both a summary and
analysis of the workshop discussion and verbatim excerpts from those
discussions.4b

There are several reasons for combining specific excerpts from the
workshop discussions with such summaries and analyses. The intent
is to communicate to the reader the flavor and intensity of individual
expert opinions, while at the same time providing a coherent synthesis
of the views expressed at the workshop. The selected verbatim excerpts
have been arranged in an order which provides maximum clarity and
focus in the report, not necessarily in the order they were spoken. No
footnotes or other forms of elucidation are used in the summary and
analysis, also in order to achieve maximum clarity and focus.

3. OVERVIEW

Although the workshop ranged over many topics, several themes
consistently appeared throughout the discussions as having particular
importance to the SSEC. Identifying those themes at this point in the

4b Verbatim excerpts from the workshop discussion are attributed to the specific partici-
pant being quoted, and are indicated by black brackets.
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report may help as the reader approaches the detailed discussions of
subsequent sections.

Major areas of workshop discussion included:
1. The crucial importance of effective and positive government-

business relationships in any attempt to understand what public policy
options make sense with respect to Federal involvement in the proc-
esses of research and development and technological innovation. While
recognizing that a primary responsibility of government is to act in
the public interest with respect to the functioning of the U.S. economic
system, the sense of the workshop was that the current mistrust and
overt hostility that characterizes many of the dealings between gov-
ernment and business are barriers to developing productive publie
policies. Finding ways of improving the processes through which
government and business interact was identified as perhaps the highest
priorit need over the next decade.

2. The decline in the vitality of technological infrastructure con-
cerned many participants. With a few exceptions, there was a general
agreement that government could play a constructive role in support-
ing applied research and development related to the scientific founda-
tions of technology and to either industry-specific or sector-wide com-
mercial utilization.

3. The state of knowledge about the relationship between invest-
ments in research and development and desirable economic change, is
far from definitive, according to the participants. Analysts are not yet
able to identify the precise casual relationship between particular
R&D investments and specific economic changes, such as increases in
productivity or industrial capacity, nor are they able to assure deci-
sionmakers, which of a range of possible policy options will produce a
particular desired result. Nevertheless, participants agreed that the
relationship between levels of R&D activity and rate of economic
growth was highly plausible, and that government action to maintain
the vitality of the nation's R&D enterprise on the grounds of its even-
tual economic and social payoff was justified.

4. Although there was agreement on the continuing need for govern-
ment support of research, including basic research, to maintain the
knowledge base upon which technological innovation and resultant
economic growth rests, participants thought that more technological
capability exists (if not in the United States, at least on a global basis)
than is now being utilized. There was agreement that government at-
tention to removing barriers to technological innovation, most of
which had to do with economic, regulatory and other policy uncer-
tainties rather than with levels of R&D funding, was merited.

5. Of the midterm implications of technologically-induced economic
change some participants thought that the impacts of technology on
labor deserved particular attention. One concern was the willingness
of labor unions to accept short-term adjustments resulting from the
introduction of improvements in the manufacturing process due to
technological innovation. Another more fundamental concern was that
the traditional job-creating impact of the introduction of new tech-
nology may not occur in the next decade, and that a situation in which
technological innovation does not lead to new job opportunities may
not be politically acceptable to labor.
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6. Some participants thought that government might do well to pay
particular attention to technological innovation for quasi-public mar-
kets, i.e., markets in which there is competition among suppliers but
in which governments (including state and local governments) either
subsidize purchases or act as purchasers themselves. In these markets,
it was felt, the likelihood of public policy success was greater than
when governments became involved in commercial, private-sector
activities.

7. An underpinning concern among most workshop participants was
the sense that United States as a society had sustained a loss of its
"innovative 6lan." There was no agreement on what the government
role in restoring the vitality of the innovative process ought to be.
Views ranged from substantial government intervention to a much
more limited government role in industrial innovation. The notion
was generally accepted by workshop participants that the current state
of affairs is undesirable and that some changes are required to restore
the vigorous technological base on which U.S. economic performance
depends, particularly in the context of aggressive foreign competition.

4. DEFINING THE PROBLEM

An essential step in defining policy options for congressional con-
sideration is a relatively clear and specific notion of the problems
those policies are intended to remedy, or, more idealistically, the goals
those policies are intended to achieve. In the United States, govern-
ment action, in most instances, is reactive and remedial, moving away
from problems rather than towards goals. Although the time horizon
of the SSEC is long enough to accommodate specific midterm goals
and objectives, it is useful to understand as clearly as possible the
current problems which provide the sense that changes-some different
objectives and new policies-may be required.

The sense that there are many problems related to the condition,
operation, and results of the research and innovation enterprise in the
United States has become pervasive in the past few years. Science
Indicators 1976 sketched a picture of declining innovative capability
in the United States.

... Since 1963 the United States has spent a steadily declining percentage of
its GNP on research and development, down from nearly 3 percent to 2.2 per-
cent. Japan, West Germany, and the Soviet Union recorded significant growth
In the proportion of their GNP devoted to R&D.

Foreign patents in the United States increased 91 percent between 1966 and
1976 to the point where patents of foreign origin represent 35 percent of all U.S.
patents and are distributed across a wide range of subjects. The United States
now has a negative patent balance with both Germany and Japan.

The United States' share of major technological innovations fell from 80 per-
cent in the mid 1950's to 60 percent In the mid 1970's. In output per man hour, the
U.S. productivity gain between 1960 and 1976 was smaller than that of Japan,
Germany, Canada, France and Britain.'

A Library of Congress report summarizing 1978 hearings on in-
dustrial innovation and its relation to the U.S. domestic economy and
international trade competitiveness identifies the components of the
current problem:5

'- Cited In Mary Ellen Mogee, "Industrial Innovation and Its Relation to the U.S.
Domestic Economy and International Trade Competitiveness," Congressional Research
Service, Library of Congress, Report No. 78-204SPR (mimeo), October 1978, p. CRS-2.

6 Mogee, op. cit.
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(a) funding for U.S. industrial R&D has for the past decade barely
kept up with inflation; in particular, Federal funding for industrial
R&D has decreased over this period;

(b) R&D funding levels are, in the judgment of most experts, re-
lated to the pace of industrial innovation which, in turn, is thought
to be a key component of economic growth and international com-
petitiveness. Thus, a slowdown in R&D spending is thought to be one
source of poor economic performance;

(c) although precise measures are not available, many observers de-
tect the decline in the U.S. capacity for industrial innovation which
is predicted to follow a decline in R&D funding;

(d) not only the pace, but the nature of industrial innovation is
problematic; innovation appears increasingly oriented toward short-
term, incremental, defensive changes and away from long-term,
growth-creating developments;

(e) the competitiveness of U.S. industry in the international econ-
omy appears to be declining, at least in terms of the balance of trade:
one possible cause of this decline is the loss of comparative techno-
logical advantage vis-i-vis our economic competitors.

(f) a number of government policies in addition to direct funding
of R&D can affect industrial innovation; the cumulative effect of cur-
rent policies-which include tax policy, regulatory policy, import
policies, price controls, antitrust policy, and patent policy-is pur-
ported to be negative with respect to the potential rate and direction of
industrial innovation.

A diagnosis much like that sketched above was accepted by the
White House as a basis for approving a major Domestic Policy Re-
view of Industrial Innovation. In the memorandum authorizing the
review, Presidential advisor Stuart Eizenstat noted:

Industrial innovation is central to the economic well-being of the United States.
Innovation provides a basis for economic growth and is thus intimately related
to productivity, to inflation, to unemployment, and to the competitiveness of U.S.
products both in domestic and world markets Efforts to enhance or improve in-
novation activity therefore may lead to an improved economic posture in the
United States.

Several observations underscore the need for increased Federal concern for
the industrial innovation process:

Indications that industry underinvests in innovation in terms of the ulti-
mate benefits to the firm and society.

Increased private-sector R&D emphasis in recent years on low-risk, short-
term projects directed at incremental product changes, and decreased em-
phasis on the longer-term research that could lead to new products and
processes.

Declining international competitiveness of some segments of U.S. industry
as reflected in: a growth rate for productivity in manufacturing industries
that is lagging behind that of some nations; the increasing penetration of
domestic markets by producers of intermediate technology and basic Indus-
trial goods; and a level of production technology in certain important in-
dustries (for example, coal mining and steel production) that lags behind
that in other countries.

Difficulties that small, high-technology firms encounter in obtaining ven-
ture capital.

The changed direction of industrial innovation in recent time resulting
from the diversion of corporate effort from developing new products to meet-
ing other social goals.

Although in-the United States the development of new products or processes
is left largely to the private sector Federal economic, tax. regulatory. procure-
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ment, and foreign policy-as well as direct Federal support programs-have a
profound impact upon the innovation process. Given the central role of innovation
in economic development and the expressed concerns for the innovative process,
Federal policy affecting industrial R&D and innovation must be carefully
reconsidered."

Participants in the workshop were asked to discuss the likely results
if no new policy initiatives related to research and innovation were
adopted within the next several years, and existing trends continue
both in Federal support of R&D and Federal policies for stimulation
of innovation and regulation of economic activity. The purpose of pos-
ing this question was to identify how much leverage policy actions in
the research and innovation area might exert on the overall function-
ing of the economy. Some analysts working on science and tech-
nology claim that fundamental problems with -the economy are
susceptible to "technological fixes." Other analysts suggest that R&D
policy can have important, but basically marginal, impacts on the
health of the economy.

The workshop discussions were somewhat inconclusive on this point.
Participants agreed it is the general economic climate rather than
problems with technological innovation that are at the root of the cur-
rent malaise, and that the United States is in the midst of important
structural changes in the economy on which R&D and innovation has
little leverage. This suggested that whatever policy activities the gov-
ernment might undertake within the next few years in the technology
area would have little midterm effect on economic well-being. On the
other hand, there seemed to be a general sense that the longer term
vitality of the American economy was in important ways dependent
on the health of the research and development system and the effective
application of its results through the innovative process. Rather than
problems in innovation being a cause of current economic conditions,
the concern was that those conditions were having adverse effects on the
levels of industrial R&D spending and on the operation of the innova-
tion process. It was felt that'those effects would in the longer term lead
to undesirable economic and social consequences. Participants thought
there ought to be a recognition of the need to decouple policy on re-
search and innovation, which has its impacts in the mid to long term,
from the short term fluctuations of the economy.

One particular worry among the wokshop participants was that only
calculations of short term benefits were being applied to investment
decisions with respect to using new technology.7a

[Gold. We have known for a long time about the inadequate degree
of net capital formation as a proportion of net national income.
Another problem to which much less attention has been given is that
the capital formation we have has been buying decreasing amounts
of capacity. The price of capital is rising. There has been some assump-
tion that technology has offset this. In the industries that we have
studied this is not so. In the steel industry, the capacity per dollar of
investment has declined steadily for thirty years and is now slightly
below the level that prevailed in 1900. What I am suggesting, there-
fore, is that when you talk about innovations you are talking not about

6 Stuart Eizenstat, "Issue Definition Memorandum: Federal Policy on Industrial Irmo-
vation." White House, May 9, 1978.

', Verbatim excerpts from the workshop discussion are attributed to the specific
participant being quoted, and are indicated by black brackets.
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development of ideas, not laboratory exploration of possible move-
ments ahead in the frontier. What you are talking about is what
exactly is brought into functioning operation and is going to have an
effect on markets, costs, employment, and things of this sort. If most
of these can be applied only through the utilization of capital, it is not
only a question of how much capital is available, it is also a question of
how much capacity you get for it. One of the parallel problems to this
that we see currently is the lage amount of liquidity in major corpora-
tions and the extent to which this is being used to buy up existing
facilities and existing properties instead o being invested in the ap-
plication of new technologies. New technologies are available across
the board in almost all industries, if you look at the world set of avail-
abilities instead of merely thinking domestically. The real problem is
that economically these new technologies are not considered profitable
enough in the shortrun. This is really the critical issue we find. Senior
executives are saying. "Yes I understand, it will take me five years or
six years to build this plant involving this new innovation." Do you
know what the discount value of that is back to the present? If you use
15-18%o discount rates after five years, such investments simply aren't
going to pay. It is better to put the money in the commercial paper
markets.

[Companies in many sectors tell us they have a whole shelf of tech-
nologically advantageous proposals in which it doesn't pay to invest
under present conditions. It is not just a question of there not being
enough capital available, it is not just a question of the interest rate,
it is a question of a range of uncertainties.

[With respect to the steel industry specifically, we have had very
little modernization in the industry, hardly enough to offset the pro-
gressive obsolescence of the marginal plants. Each of the efforts that
are being made to add new capacity in the form of new facilities in-
volve the adoption of Japanese technologies and the attempt to buy
some of this technology and know-how from the Japanese because they
have done it. We have not built a new plant in the United States for
more than twelve years. We are losing the technological infrastructure
that we used to have before, so not only are we not adding effectively
to new capacity, we are losing ground with respect to the technological
infrastructure. Finally, for the longer run, we are cutting back on the
basic research which will develop the technology ten years down the
road.

[Cetron. We have something which is happening which I call the
Harvard Business School Syndrome. We have gotten ourselves, even
in the high technology areas, to a position where all we have ended up
doing is Putting in people looking at the bottom line in terms of dol-
lars, and dollars only.

-[Myers. A lot of what happens in technoloey really does denend
on the 6lan of people who are moving technologies forward. What
seems to have happened over the past several years is that for various
reasons, a lot of that spirit has been lost. I think the system is very
definitely running down and I think we are in danger of losing our
essential infrastructure. I don't see that infrastructure so much in
terms of particular skills: I see it in terms of a particular kind of spirit
that goes into moving things forward. It wasn't so many years ago
that people who took the longer view instead of shorter ones were
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considered visionaries. We don't put very much value on such people
anymore. Visionaries make big and very expensive mistakes, but in
attempting to avoid mistakes I think we are going too far in the other
lirection. Instead of honoring people who accomplish things-I'm not
just talking financially-we give Golden Fleece awards which really
chill the system. If the Congress really wants to do something it should
veto the Golden Fleece awards.

[Schlie. One trend many people see is an overmanagement of R&D.
The research sponsored in universities is more concerned with getting
the next government contract than with potential industrial applica-
tions. This relates to the higher perceived need for accountability in
government today. Perhaps it can be analogously related to manage-
ment in private industry that is always looking for the more sure
short-term payoff as opposed to the more risky, longer term aspect of
research. A second trend is from the more general support of research
by government to more specific and concentrated research, particularly
in the cancer and energy fields. A lot of industry that cannot directly
relate to those two areas feel that this trend is adverse to their posi-
tion in terms of government support for R&D. Another trend industry
sees is increased uncertainties across the board: uncertainty of capital
formation, uncertainty of regulatory requirements, uncertainty about
inflation. I think that private industry would say those are the pri-
mary concerns.

[Robbins. Given the present climate for procurement, the way the
Government spends its money, there is an intense process of selection
and control which implies a degree of knowledge that does not exist,
at least within the government. And that is an inherent dilemma. Any-
body with a highly innnovative idea who tries to sell that idea to the
Government needs 8-10 months to get a procurement through. We
have a tremendously over-managed system because of the implication
that anyone receiving government support has to be publicly account-
able. The source of this problem goes back to Congress and pressure
for premature evaluations. You enter into a research program and
these are the words your supporting agency uses: "Give us a nugget
that we can show a congressional committee so we can prove we are
doing something good."]

Another set of concerns at the workshop related to U.S. competi-
tiveness in the international economy. Much of the current discussion
in the United States on the relationship between technological capa-
bility and balance of payment considerations, export policy, and other
aspects of international trade appears to assume that if only current
problems in the high technology area were removed the U.S. position
in the world economv would be assured. Analysts are increasingly
recognizing that the U.S. situation is one in which this country will
face efective economic competition from technological equals in many
product lines. The major policy issues relate to maintaining our ability
to compete effectively, not how to regain our "natural" lead in the
world economy. This competition will come not only from the other
developed economies in Europe and Japan, but also from the rapidly
industrializing "upper tier" developing countries such as Brazil, Mex-
ico, and Korea. Developing policies which underpin U.S. long-run
competitiveness in this kind of global economy was thought by work-
shop participants to he a challenging and crucial task.
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[Boesman. There are really two dimensions to this problem and
I know we are all aware of them. If Japan or Western Europe did not
exist, we would still be worried about innovation and productivity.
But the very fact that we are in a very tough competitive race in high
technology and low technology products with Japan and Western
Europe puts a whole different face on this. We really have a two-
dimensional problem. We are not concerned with the absolutes here
but with the relative relationships we have with these other countries.
Just trying to create a better society is very different than trying to
compete with some very competitive folks who are trying to beat
your pants off.

[Nau. I don't think there is any real evidence, if you define spe-
cifically enough what you mean by research-intensive trade competi-
tion in the international system, that we are falling behind in the last
decade or two. It is possible that we haven't had enough time to see
trends which will set in or have begun to set in after the changes in
the international economic system in the early seventies, especially the
change in the monetary system. At this point, from OECD (Organiza-
tion for Economic Cooperation and Development) trade data through
1977, looking at the three and four digit SIC (Standard Industrial
Classification) level, it is pretty clear that the United States is hold-
ing its own in the research-intensive products.

[I am wondering whether or not in fact the problems in the high
technology area are the same as in some other areas, such as auto-
mobiles. The capital turnover and labor questions aren't really prob-
lems of any great significance in the electronic sector, are they? And
what are the reasons for the apparent decline of our innovative, com-
petitive position in those areas? I would really like to press this ques-
tion: what is our current knowledge about the extent to which
considerations of capital and labor in fact apply across the board?
Are we talking about some very different sectors here in which the
international competitive position is very different? There is no doubt
that we are losing our shirt in steel but I don't classify that as one of
these research intensive areas.

[Gold. I am a little troubled by two or three assumptions being
made. If we are really concerned with the national economy, why do
we concentrate on what we call technology-intensive industries? What
proportion of the economy do they account for? A small but significant
improvement in the competitive position of steel and autombiles and
the other large employment industries would have a tremendous im-
pact on our economy. Also, I don't know what you mean by research-
intensive economies. Japanese steel doesn't pour in here across the
board. There are very important differences among the different
products.

[Science and technology pervade all applications of technology. One
of the major advantages that the Japanese have is in computerization.
They have made enormous advances far beyond the United States.
This is leading to the redesigning of plants and to the development
of scales of operation quite different from those we can manage with
our manning practices.]

Although the United States has become a mixed economy with pri-
vate and public decisions interacting to influence the nature and direc-
tion of economic activity, there remains a sense that, compared to most
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other societies, we have built into our economic system a capacity for
self-correction of problems without explicit policy intervention. The
question was raised as to why self-correction appeared impossible to
most workshop participants.

[Logsdon. ITs the situation, in the context of the reality of the U.S.
society, culture, government, and private sector relationships, address-
able? Compared to most other societies we are confident of the self-
correcting nature of our private sector, of the ability for self-interest,
profit motivations, the other things that underpin the operations of
the economy. Why is there no sense that those kinds of corrective
mechanisms are going to operate in this condition? Why is there a
sense that this is an area in which an essential corrective element is
some significant form of government intervention that does not exist?
Why, if we left things alone from the Government's point of view,
would not the short time horizons get longer, and the capital invest-
ments adjust themselves? What is wrong with the underpinning ide-
ology of government-industry relationships?

[Brown. I think a lot of the problems are blamed on government
itself. All sorts of regulatory actions and environmental rules get in
the way of R&D. Also, people see the problem not as America in iso-
lation with the private enterprise system coming up with some kind
of rate of growth, but rather America against the world consisting of
other prosperous countries with other governments who are behind all
R&D progress. It is the free enterprise system against the world;
against a somewhat interfering national government in competition
with, maybe not progressive, but aggressive foreign governments.

[Fundingsland. The most important factors seem to be the uncer-
tainty in the economic outlook and the uncertainty in the regulatory
environment, both of which the Government has more to do with than
the private economy. I think industry is running nervous and will not
self-correct until the Government, together with industry, works some-
thing out. The first point then is to really sharpen the focus on the
planning. What should be the Government's role? Obviously, the
Government's role is different whether it be a program that is for the
nation, like national defense or space, or a long-time commercial ven-
ture too big, too high-risk, and too long-term for industry to undertake
alone, like nuclear energy. It is very different for research and innova-
tion strictly in the commercial realm, where industry could do it alone,
if the policy environment is proper. It seems to me the focus on the
Government's role and on how to stabilize the regulatory and economic
outlook, are the three major factors that need examining.

[Brenner. My particular area of expertise is in the patent area and
the area of protection of intellectual property. In my view, looking over
the past 10-20 years, I see a decline in the protection system in the
United States which, in effect, means a reduction in benefits to cost
ratio. This drives our research more into short-term projects rather
than long-term, more risky projects. In terms of the protection of in-
tellectual property, things have been going downhill for the last
twenty years. If you can't have some sort of protection of intellectual
property over a period of time, you are just not going to get a good
return on investment.]

As summarized in the above discussion, workshop participants
agreed that there was room for improvement in government policies
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dealing with research and innovation, and that those improvements
were crucial to the long-term health of the U.S. economy. A discussion
of specific policy options which might be particularly attractive in
this context and thus deserving the close attention of the SSEC fol-
lowed. In order to identify such policy options, the participants turned
their attention to the current state of knowledge upon which policy
design might be based.

5. Tnm STATE OF CURRENT KNowxEDGE

Fundamental to the attention being given the research and innova-
tive area within a study focused on economic change is the assumption
that there are causal linkages between performing research and devel-
opment, incorporating the results of R&D into the process of industrial
innovation, and deriving increases in productivity and overall eco-
nomic growth from such innovation. This assumption is widely shared
by both policymakers and analysts. For example, President Carter, in
a recent address noted, "economists estimate that advances in knowl-
edge have accounted for three quarters of our own country's economic
growth in this century" and "we need innovation . . . for new ideas
in America are central not only to reducing our dependence on foreign
oil, but also on our efforts to control inflation, to improve productivity
of our workers, to protect our environment, and to ensure the pros-
perity of the American people." 7b In summarizing the views of schol-
ars examining the relationship between R&D and economic growth/
productivity, the National Science Foundation said:

... all available evidence indicates that R&D is an important contributor toeconomic growth and productivity. Research to date seeking to measure thisrelationship (at the level of the firm, the industry, and the whole economy) pointsin a single direction-the contribution of R&D to economic growth/productivity
is positive, significant, and high.8

Included as Appendix A to this report is a brief paper which reviews
the state of scholarly knowledge about relationships between R&D and
'economic growth. This review concludes that although research find-
ings confirm the general sense of an important connection between
research activity and desirable economic changes, those findings do not
provide the type of knowledge upon which R&D discussions or eco-
nomic policy can validly be based. The reasons for the lack of opera-
tional utility have been summarized by Willis Shapley:

First, the horrendous complexity of the problem. Second, the absence of an ade-quate theoretical structure which reflects the realities of the present U.S. econ-omy (much less any other, differently constituted e'onomy) and the ways inwhich technological changes affect it Third, the difficulty or impossibility ofgetting the data needed-accurate data. current data, and data that are dis-aggregated in ways needed for meaningful analysis. Fourth. the conceptul andpractical problems of finding ways to measure outputs of R&D other than by itscosts or other inputs. Finally, the nrohlem inbe-ont in learnine from experience:does the past really tell us about the future? Will studies of the effects of R&Dand innovation on the economy in the 1%1;0s and early 1970s help us deal with
the changing economic situations of the late 1970s and early 1980s?8

?b Speech by President Jimmy Carter to annual meeting of National Academy of Sc..nces,
National Science Foundation, "Research and Development and Economic Growth/Productivity." 1972. p. 3.Willis Shapley. "Resenrch and Development: Fiscal Year 1979" (American Association

for the Advancement of Science. 1978) pp. 78-79.



329

Workshop participants recognized the weaknesses in theory, meas-
urement techniques, and data availability that put limits on the abil-
ity of scholarly research to identify in concrete terms the contribution
of research and innovation to increases in productivity, economic
growth, and other elements of economic change. The result of those
limitations is that there was limited confidence on the part of partic-
ipants that the causal links between research and innovation and
economic change have been demonstrated on a valid empirical basis.

[Robbins. Like everyone around this table, I can only intuitively
accept the linkage, but I can't go any further than that. I don't think
anybody can, although I'd hope that somebody could.

[Logsdon. I think that one of the responsibilities of professional
economists and analysts vis-a-vis public officials is not to go before
them and say that there are analytic proofs of the relationship, but
rather to communicate why we, who professionally work in this area,
accept this intuitively.

rCetron. Instead of perpetuating the same old myths we have, and
reinfecting each other with them, I think someone ought to take a look
and try to get to the bottom line if they can. If not, say, "Look, we
can't prove that these linkages exist but we feel intuitively that they
do; it's a visceral feeling that we have."

[Schlie, I don't think we're so badly off in using the informed con-
sensus, logic, and intuitive approach. It seems to me that many of the
questions about establishing these linkages involve the empirical kind
of evidence that economists use and have been trying to demonstrate.
But I don't know if that kind of evidence is any more acceptable to
people than is sound logic.]

Many of the reasons for the inability of economists and other
analysts to provide definitive evidence on the technology-growth link
are discussed in the paper included as Appendix A. Workshop partic-
ipants seconded many of the points in that paper and added some
additional factors which limit the power of analysis on this issue.

[Gold. One of the most puzzling features is that the work in this
area at the macrolevel simply never touches ground with respect to
the realities of the specific technological potentials in specific indus-
tries; yet these potentials are the basis for the decisionmaking which
brings about the economic changes. I must confess that I have the
gravest doubts about relevance of the average statistical findings con-
cerning the average relationship over the last twenty years of R&D
inputs and GNP or profitability. In my judgment, most of this is
nonsense. It won't even stand up in comparing different firms within
the same industry, much less among industries. The need is somehow
to build a set of linkages between macrolevel analysis and really mean-
ingful studies at the level where there are specific technologies, and
where you may be able to see what the economic effects are in the form
of new capacity, or better products, or less costly operating processes
and things of this sort. The thing that worries me is that all of the
literature can be divided into two parts: a whole series of macro-
studies and a wide heterogeneity of detailed microstudies. I see no one
who has effectively connected these.

[I can't emphasize too many times that the problems are different
from industry to industry. I don't care how much we talk about R&D
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and innovations in general; there isn't a general innovation process
that we really understand. It's simply not true.

[We have got to work at this problem of the interconnection between
the high specificity of technology and R&D and general economic
impacts. There is no way in which you are going to take a grab bag
of individual case studies, work out some kind of an average, and
somehow project that onto a macrolevel. It won't work. We need to
ask different questions. What is the role of R&D in a wide range of
industries, including agriculture? Few talk about agriculture as a
high technology industry, yet we lead the world because there are a
whole series of major developments in the technology of agriculture.
The ratio of R&D people to the number of farmers looks very low.
This suggests to me that we must develop better measures of what we
mean by advanced technology. What is the relationship between what
is done at the level of individual products and companies and the gen-
eral balance of trade, net balance of imports, exports of technology
licenses and factors like that? To what do we attribute even such
levels of technological superiority as may appear in exchanges between
the United States and others? What are they due to? Are they due to
the basic research of thirty years ago? Are they due to the fact that
they build new plants embodying the technology that we developed
here but didn't use? I don't think you should infer that because we
have an industry like electronics which seems to be associated with
high technology, that superiority with respect to research performance
and application of technology explains the fact that the industry has
a favored position in the market. I don't think you can jump to that
conclusion. There are a number of intermediate assumptions which
trouble me a little bit and seem to warrant more careful examination.

[Barrington. I think we're getting somewhere. We must understand
that R&D is not the engine, it is not the driving force; it is just one
of the instruments that management can call upon. Research and de-
velopment have to interact with money, and people's decisions, and
the skills of peope that are quite aside from R&D. Performing R&D
is a long way from the marketplace.

[Logsdon. The whole presumption of measures to stimulate more
research, better research, or different research, is a presumption that
somehow that activity has economic payoff. I think this discussion is
suggestive that the evidence of that link is not yet in a form that
would be acceptable to a scholarly journal. But does the existing evi-
dence at the level of decisions on the part of the private sector or public
policy suggest that indeed it is in the interest of society to have more
research and more innovation if what we want is economic growth?
Do we know enough to know that it is worth spending time and effort
and money and policy capital on the part of the Government to push
this area of activity, on the belief that it is going to have the payoff
that we want? We certainly have been acting that way for a long time.
Is it the kind of assumption that ought to be examined or left
unexamined?

[Cetron. There is no standard. For various industries there is some
good information; for other industries there is not. What may be good
for one industry is not good for another. For instance, we may need
protection in certain areas and not in others. The answer is, there is
no broad policy; it is almost industry-to-industry.

) '
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[Fundingsland. The input-output model that has been developed is
too narrow. You have to look at other facets of the whole enterprise,
such as effectiveness of communications, science and technology infor-
mation services, and the way the whole educational system interacts.

[Nau. I don't see very much attention being given to the question
of how does a multinational company manage innovation today as
contrasted with 15 or 20 years ago. There is a question about the extent
to which the product life cycle notion really applies any more. Capital
sources are available in foreign markets today which may not have been
there 15 or 20 years ago. How does a multinational, once it is established
deal with innovation; how does it deal with commercialization of its
product? The whole product life cycle notion told us something about
how the multinational company got established and what role tech-
nology transfer played in that process. We don't have any really good
studies of how, in fact, the question of commercialization is managed
within the multinational company. There are many advantages, maybe
greater advantages, to commercialize initially overseas rather than in
this country, particularly given the increasing uncertainty in regula-
tory areas.

[Gold. The task of determining what the benefits of an innovation
are is not as simple as it sounds. We try to eliminate the effect of price
changes by making the idiotic assumption that all the inputs and all
the outputs are qualitatively unchanged by an innovation. I know of
no major technology which does not change the qualitative nature of
inputs or of outputs or of both, but past studies assume that they are
unchanged. What you are doing is eliminating a good part of the
effect of technology every time you make this kind of assumption. It
is extremely hard to determine the effects of a technological innova-
tion in any kind of a complex situation involving simultaneous
changes in other factors, some generated by the innovation and others
attributable to other developments. Trying to disentangle these is
something I have struggled with for a good many years without very
much success.

[It is very hard to make an evaluation afterwards about what the
effect of an innovation has been. It is impossible to disentangle it from
all the other influences that are changing the level of capacity and out-
put, utilization, the prices of materials, the product mix, and other
kinds of things. If you cannot make a really decent evaluation after
the fact, imagine how difficult it must be to make an evaluation before
the fact. Now this does not mean that we shouldn't try to do it. What
it means is that some of the measures that we economists are bringing
to bear on this process carry too much of a hangover from the prob-
lems that economists worried about 50 years ago. We are not refining
tools sufficiently to grasp the differential impact of innovation. We
are unwilling to deal with these difficulties that we all talk about. We
say our tools are better than nothing. This reminds me of the old man
who walks down the street and one of the youngsters stops him and
says, "Grandpa, I see you are wearing spectacles." He answers, "Yes,
you know I am getting old." The youngster says, "But there are no
lenses in them." The old man replies, "I know, but it is better than
nothing."

[If you don't understand what R&D is intended to do, how can you
measure what its effects are? Yet R&D is directed to a dozen different
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kinds of objectives. If industry is trying to overcome a shortage of
some kind of material, and you look at how much this innovation ex-
panded output, you are going to find nothing. I challenge you to pick
out which of four or five men running around the track is the better
runner until you know what distance they are trying to run. A third-
rate sprinter will run twice as fast as a good miler.

What we are doing is taking a general rubric, R&D, and we are
using it to describe a wide range of different activities. I think it is of
critical importance to learn to differentiate between R&D which has
been devoted to trivial improvements in products, and R&D seeking
to effect major improvements in basic processes or to develop new
kinds of products. If you lump these two together you are going to get
a completely misleading conception of what R&D promises to con-
tribute to the American economy.

[Kitti. I don't think we know that much yet about what a lot of the
data means; one example is the patent balance.

[Cetron. Another problem which is important is that the data we
collect may mean little. Everyone has been collecting data on average
income per capita; this has been something used for years and years.
We have data going back to 1900's in this area. It doesn't mean any-
thing today. What is meaningful is the difference between the lower
decile and the upper decile. The bigger the spread, the more insecure
the country is. What I am really saying is that much data is worse
than garbage in, garbage out; it is garbage in, gospel out. Statistics
are stamped by some government agency and we accept them as valid
measures or indicators. In fact, it may be nothing but a bunch of
poorly collected data.

[Nau. One characteristic of our society is competition. I think,
given that fact, that there is no need to be afraid of information. I
don't think we have to worry about one report being stamped with a
particular good housekeeping seal, because there will be another report
out pretty soon with another good housekeeping seal on it. It seems
to me we want to encourage that sort of thing. Weak data gets weeded
out in the process.

[Konkel. I think it is very healthy for the science policy people to
be cautious about the validity of their data. Economists don't share
the same kind of skepticism, although I remember Oskar Morgenstern
wrote an interesting book about the accuracy of economic observations
in which he made some very telling points about the economic statis-
tics that everybody uses without blinking. There is growing recogni-
tion that unemployment statistics ought to be disaggregated and
looked at much more carefully because people are making policy
judgments that may not be appropriate. My assessment is that the
science and technology people don't have all that much to be concerned
about relative to other sources of data that people commonly use. The
data you would get out of Science Indicators or out of NSF's Division
of Science Resource Studies are a tremendous source of information,
at least on the input end of the problem. If you compare that with
data available is the Statistical Abstract or the Council of Economic
Advisors' Report every year, I don't think it stacks up too badly.
Measuring the outputs of R&D is a whole different issuie, aind we clear-
ly need to try harder.]
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Scholars are continuing to work on the various research issues just
noted, but the problems are difficult and progress has been slow. One
knowledgeable observer, George Eads (now a member of the Council
of Economic Advisers), told a 1977 NSF colloquium, "I am not con-
vinced we know much more today about these issues than we did in
1970." 10 Workshop participants seemed to agree with Eads' observa-
tion. If Eads is correct and if it is likely to be some time before de-
finitive analytic evidence of the existence and character of the causal
links between R&D and innovation, and between innovation and eco-
nomic change is available, then policymakers are faced with a difficult,
but not unusual, situation.

The scholarly evidence for these crucial linkages is plausible, but far
from certain, particularly at a level of specificity useful for design-
ing public policies. However, there is pressure on policymakers for
action now. The problems in economic growth to which technological
innovation might make important ameliorating contributions appear
to be worsening. Policymakers cannot wait for conclusive analytic an-
swers to the questions they pose on what the impacts of various options
will be. They are forced to incorporate the results of analysis into
an overall process of weighing interests, uncertainties, and conflicting
objectives and demands, leading ultimately to a judgment on what
should be done.

It is unlikely that, in the context of complex public problems, anal-
ysis can ever identify a uniquely preferable policy option, too many
nonrational factors are integrated into a public policy decision. With
respect to the issues under consideration here, it seems that the major
contribution of scholarly knowledge to policy design is at a general
level. As Richard Nelson and Sidney Winter suggest:

The current dialogue regarding policy toward innovation rests on two prem-
ises. The first is that technological advance has been a powerful instrument of
human progress in -the past. The second is that we have the knowledge to guide
that instrument toward high priority objectives in the future. The first premise
is unquestionable, the second may be presumptuous. While all the attention re-
cently given by politicians 'to scholars is flattering, we believe that the scholarly
community has much less to say about appropriate policy toward innovation than
many scholars like to believe. Prevailing theory of innovation has neither the
breadth nor the strength to provide much guidance regarding 'the variables that
are plausible to change or to predict with much confidence the effect of signif-
icant changes."

The position taken by Nelson and Winter would probably not com-
mand universal agreement among scholars working in this area. Other
scholars believe that our knowledge is beginning to be adequate for
use in designing public policies in the research and innovation area,
or at least in identifying those policy options which are more or less
likely to achieve their intended results. Whether there is adequate
knowledge for these purposes was the next topic of discussion.

6. KNOWLEDGE AS A BASIS FOR POLICY DESIGN

If the notion that there is a significant set of causal relationships
between levels of R&D activity and the pace and direction of innova-

10 George Eads. "Achieving 'Appropriate' Levels of Investment In Technological Change:
What Rave we Learned?" in National Science Foundation. Relationshios between R. & D.
and Economic Growth/Productivity. Preliminary Papers for a colloquium, 1977. D. D-4.

t1 Richard R. Nelson and Sidney G. winter. "in Search of a Useful Theory of Innova-
tion." Research Policy, vol. 6, No. I (January 1977), p. 38.
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tion activity, and between innovative activity and desirable economic
changes is accepted, then the logical next question is whether scholars
and analysts have developed an adequate knowledge base for designing
government policies intended to stimulate innovative activity in
socially desirable ways. Workshop participants thought that in a few
areas the rudiments of such a knowledge base were in existence, and
that analysts could contribute usefully to policy design in this area.
But there were two important caveats noted by participants.

[Gold. The fact of the matter is that not all innovation processes
ought to be stimulated. Not all innovations ought to be adopted. There
are many innovations that work for some companies or in some coun-
tries which don't make sense to others. One of the reasons that they are
adopted is because the people are thinking about linkages between the
innovation and their goals. They are saying something as obvious as
"will it pay for us to adopt it?" If the conclusion is no, they don't
adopt it.

[Merrill. For those of us who are charged with doing something, the
crucial question is, "What effect will anything we do have on what
other people will do?" This is much more crucial than the question.
"Will what we propose stimulate innovation and that in turn contribute
to the balance of trade in the long run?" Those of us who are charged
with actually recommending something are primarily concerned with
two things. One is, if we propose something, will it be supported? One
of the crucial considerations in that respect is will it be supported by
those who have studied this area? Or will it be scorned? The other is,
if we propose something, what will the people to whom it is directed
do with it? It seems to me that this is a much more immediate con-
sideration. We take on with a great deal of faith the long run linkages
that we have spent so much time talking about. That is certainly the
case in regulation. What we need to know is, if we change the regulatory
structure, process, laws, standards, how will it change the way people
behave?]

Several workshop participants pointed out that the knowledge of
which existing policies act as barriers to private sector discussions to
innovate is greater than the available knowledge on which new policies
are most likely to speed up the innovation process. They felt that prior-
ity ought to be given to identifying those existing policies and to modi-
fying them in ways which remove or minimize their undesirable effects
on innovation while preserving their ability to achieve the fundamental
policy objectives. This position implies a need to broaden the context
in which a variety of government policies, e.g. regulatory and antitrust
policies, are proposed and evaluated to include their "innovation im-
pact." Such comprehensive and multifaceted poliev evaluations are not
the norm in the Federal government. Perhaps the current emphasis
on stimulating industrial innovation will result in including innova-
tion-related considerations more frequently in the policy formulation
and/or policy evaluation processes.

[Hamilton. I'd like to suggest, before we focus on what can be done
to stimulate the process, that we realize that one thing we do know
enough about is how past and current government activities present
obstacles and limit our ability to innovate. Before we get heroic by try-
ing to stimulate the innovation process, we should at least think about
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mechanisms that might limit further damage. Awareness and sensitiv-
ity about whether what is being done might impede the innovation
process is every bit as important as what can be done to stimulate the
process in a positive way.

[Stern. I like the idea that we are looking at the removal of barriers
as contrasted with proactive intervention. I am very scared about gov-
ernmental intervention by the executive branch, but something that
scares me even more is intervention by the Congress. The thought of
legislative initiatives to intervene in the innovative process at our cur-
rent state of knowledge is extremely scary to me. Legislative initiatives
to remove barriers that are detectable and where some sort of causality
can be attached would be very constructive. The process of innovation
is a very delicate process; the closest thing to me is the process of a
sperm fertilizing an egg. The conditions under which that occurs are
very, very special sets of conditions. There are many ways to foul up
the process and there seem to be very few ways to help it. The best ap-
proach seems to be let nature take its course.

[The United States more and more seems to be on an island by itself
trying to make a basically private enterprise system work. Do we
really want to resort to the kinds of strategies by which Belgium, Italy,
and other countries get their share of, for example, the steel market
around the world? I'm not sure that those are desirable policies for the
United States. If we go that route, we will be one of them. Do we want
that? I think the great experiment that we have been doing for the last
200 years is to be different. To me the thing to do is to try to preserve
a sense of freedom and individual initiative. I spent a little time in
the last year on a U.S.-U.S.S.R. exchange team dealing with the
management of R. & D. The more I learn about the Soviet Union, the
happier I am that we are not trying to do it their way. That statement
"Do we know enough about the process of innovation to design effec-
tive government intervention e?" is a Soviet-type statement.

[Myers. I think there needs to be a distinction made between regu-
lations per se and the objectives they seek to achieve, and the process
through which regulations are developed, promulgated, and enforced
and the uncertainties that arise from that process. I can't imagine that
there's anything wrong with looking at our regulatory processes to
make sure that they are as good as they can be, and that they interfere
in the least manner possible. I am highly critical of the fact that there
doesn't seem to be enough information.

[Logsdon. What kind of information ought to be generated to tell
us what to do vis a vis the regulatory process?

EMyers. I would identify a number of problems which arose from
the regulatory process, and then try to figure out whether elements
of the regulatory process created those problems. This is a public ad-
ministration problem, rather than an innovation problem. Then I
would figure out how to fix those problems if they were fixable.

[Logsdon. What I have heard is that the Federal government, with
respect to the innovation process, might do more to remove disincen-
tives than to provide incentives. That has been the balance of the
discussion. Should the priority, if one has to set priorities for federal
actions vis a vis the innovation process, be the first to strip away the
disincentives or to try to develop some new positive incentives?
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[Rubenstein. Why do you have to choose? One man's incentive is
another man's barrier. The supplier for the auto industry loves the
auto emission and mileage regulations because they are now selling
stuff they have been trying to push for 10 years. In one study, we
looked at 32 cases in the supply industry; about 10 of them involved a
project that was unacceptable until a regulation came through; all of a
sudden it was acceptable.

[Logsdon. What you are saying is that any action has differential
effects.

[Rubenstein. Almost all do. Why do we have to choose negative
versus positive?

[McEachron. There is also an ambiguous effect; there are two effects
of regulation. The first effect is that if a product runs into regulatory
problems, there is a negative effect on the survival of that product.
Interestingly enough, there is also benefit from regulation. If an inno-
vation oriented toward meeting a regulatory problem exists, that inno-
vation is much more likely to be commercially successful.]

A point made by Robert Stern in the workshop discussion just cited
deserves underlining. Often in discussions about the potential ways
for the U.S. Government to stimulate industrial innovation, the vari-
ety of policy instruments developed by other developed countries for
this purpose are cited, with the suggestion that many of them are can-
didates for use in the U.S. context."2 While mechanisms such as pre-
production orders, innovation banks, special treatment for high-
priority industrial sectors, and the like ought to be examined, Stern's
rather conservative position ought to be considered in any such evalua-
tion. He said, "I am not sure that those are desirable policies for the
United States. If we go that route, we will be one of them. Do we want
that? I think the great experiment that we have been doing for the
last 200 years is to be different."

One area in which the Federal Government has assumed the leading
role in U.S. society is the support of basic research. Participants noted
that such support was an essential element in maintaining the reser-
voir of knowledge upon which the processes of applied research, de-
velopment, and innovation draw. They felt that this was one policy
area in which the Federal role was being carried out relatively well.
Participants feared that increasing pressure for a more active Federal
role in support of the innovation process and more emphasis on the
applied end of the research spectrum might lead to a shift away from
basic research support. Such a shift would be most undesirable because
anv increases in Federal support, particularly financial support, for
industrial research should not come at the expense of basic research
support.

In addition to the tangible downstream contributions of basic re-
search, one participant noted that basic research support has "great
image value. . . . A visible government commitment to basic research
says a great deal about what government's attitude is toward the whole
business of science and technology."

[Boesman. It seems to me that there has been a singular almost non-
emphasis on basic research in this discussion. One of the things that

12 One example Is the article by J. Herbert flolloman and his associates, "Government
and the Innovation Process," In Technology Review, May 1979.
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the Federal government can do well is sponsor basic research. We
haven't talked about things like university research problems and
national labs (which are an enormous national resource). Let's not
lose sight of this basic part of innovation process; the first step, if
you will.

[Myers. It's not clear what the linkage is between basic research and
technology, and technology and economic growth. The linkage, how-
ever, is plausible enough that many people think there is a connection.
Putting aside for a moment what the real value of basic research might
be, it has great image value. I think that a visible government com-
mitment to basic research says a great deal about what government's
attitude is towards the whole business of science and technology.

[Robbins. I can make a case for basic research, but I can also make
a case against it by arguing that basic research training enforces a
particular value system. These values place a pursuit of purity far
higher than the pursuit of applied ends.

[Gold. One of the most interesting aspects of innovational activity
in Japan is the tremendous emphasis on technological intelligence. I
visited a trading company which doesn't manufacture anything. I said
to them, "How do you keep up with new technological developments?"
They said "Yes, that's a very important problem. We've only just
become aware of it, so we only have a staff of forty people who do
nothing else."

[In American companies, I have never found a company that has
as many as 10 people who really are trying to keep track of what's
happening in technology around the world. My point has to do with
basic research. The imput into applied innovation doesn't necessarily
come only from the basic research here, and shouldn't. The Japanese
approach is, "We stand on the foreigner's shoulders." We ought to
reciprocate a little bit. We don't have to reinvent everything. A lot of
good work goes on all over the world. Our companies should be more
aware of what these possibilities are. Government could encourage
this kind of effort.]

Workshop discussions were representative of current disagreements
within the community of scholars and policy analysts about the likely
efficacy of various policy options such as:

1. Aggregating currently fragmented markets;
2. Support of research related to industrial technology in which

research results are potentially useful to all firms within an in-
dustry or an industrial sector, rather along the kind of research
support which the U.S. government provides in the agriculture
sector; and

3. Further direct support of civilian-oriented R&D intended
for eventual commercialization by the mission agencies of
government.

Some analysts believe that there are opportunities for useful gov-
ernment initiatives intended to influence the innovation process in
desirable ways. The efficacy of direct federal funding of civilian com-
mercially-oriented R&D has recently come under increasing question-
ing, however, and federal policy has turned away from funding the
end the R&D spectrum closest to commercialization. In each of these
areas, there has been accumulated over the past decade or so a body of
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experience and analysis which might be the basis of policy design. As
the following discussion suggests, however, in none of these areas has
there developed a consensus among analysts about the desirability of
new government interventions nor about the precise nature of an
intervention which might be undertaken. The workshop discussion
closely parallels the debate over new government initiatives among the
policy community at large. Liberals believed that the possibilities of
success in some limited areas justified some positive actions. Conserva-
tives thought that there was insufficient basis for new activties. They
felt that the most useful thing government might do is to reserve some
policy actions (particularly those aimed at incorporating the concerns
of human health and safety and protection of the natural environment)
which have had apparently negative influences on the willingness of
the private sector to innovate. No one, however, felt that there was an
unequivocally strong case in support of any specific new policy course.
All participants recognized the uncertainties inherent in the current,
and likely future, state of knowledge in this area.

LFundingsland. I think the Federal Government could do more to
identify and help to resolve barriers to market aggregation for prod-
ucts aimed at improving the quality and efficiency of services provided
by state and local governments and other public institutions. Private
industry will shy away from investing its own R&D money in de-
velopments for those fragmented markets because they don't know
how to cope with them. If there were some way to overcome provincial
state and local government regulations and develop acceptable nation-
wide functional or performance standards with respect to things like
the housing industry or police vehicles, we might get enough of a
potential market to attract private investment. Perhaps the Federal
Government can work with the States to overcome some of these local
obstacles.

[Myers. This is a conventional idea that has never been borne out
in practice. I would go a step further and say that the opposite has
been proven to be true. The transactional and informational costs of
market aggregation are getting to be so huge that the game is not
worth the candle.

LFundingsland. Aggregating the market has just not proven out his-
torically. It is conventional wisdom because it makes so much sense.
I am not suggesting that the Federal Government do market aggrega-
tion, but rather look at barriers that contain aggregation and try to
remove some of those so that the private sector can find something
tractable to deal with.

[Myers. The barriers are sort of inherent in the fragmentation of
local governments. Local government actually has a good mechanism
to get aggregation to happen. I have watched Public Technology, Inc.
try it for years and it has produced absolutely zilch.

[Robbins. I want to compare the investment in energy the Depart-
ment of Energy is making and the investment we made in space. The
most interesting thing I found in looking back at NASA (National
Aeronautics and Space Administration) in terms of its impact on
technology was that NASA had a tradition that came out of the old
NACA (National Advisory Committee on Aeronautics) days of push-
ing technologies because they felt they were needed in order to accom-
plish a mission. NASA moved a whole set of areas in material,
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electronics, telecommunications and a wide range of things, thereby
removing stumbling blocks to specific innovations. The Department
of Energy works way downstream on the innovation process. They
do not bring any new technologies into being. If they have a materials
problem, they go around it, or avoid it, or just kill the process off.

hey are not nurturing and supporting technologies through the very
early critical stages where there is no investment because the invest-
ment opportunities are better elsewhere. That is one of the reasons the
aerospace industry has done so well. The risk had been reduced; the
uncertainty had been reduced. There was a climate for very rapid
change.

[What I am really getting at is that a market was created for new
technology. It was a very rapidly changing market, not bureaucratized.
Buyers of technology were willing to take great risks because they were
independent in many ways. That kind of marketplace allowed a lot
of people to move into it and to take high risks, even when the major
corporations would not do it, because there was a certain amount of
security since the Government funded it. Defense is probably a much
better example than space. The entrepreneurship that occurred in
whole sets of areas occurred because there was a market support.

[Logsdon. Market support was there essentially for extremely politi-
cal reasons that had little to do with the sense that it was an invest-
ment in the future in stimulating technologies. This raises a question
for the future. Can we simulate in a major area, as we did in space,
the environment that allowed this kind of development of the frontiers
of particular areas that were necessary for carrying out the job? That
has not happen with energy, and there is not that sense of purpose
with the energy rogram.

IRobbins. Iink it is a management problem frankly. I think the
public propensity to solve a problem disappears long before the prob-
lem disappears. There is a limited period of time in which things can
happen. I think it is too late to get that kind of process underway in
the energy areas; it has already become a bureaucratic, very rigidly
controlled development process. One of the questions is, how do you
manage new technology that the Government is investing large
amounts of money in? If not energy, the next one coming along that
has got a technological base to it. How do you manage that to maxi-
mize the payoff on the margin to the commercial economy? I think
this society, given its political philosophy, is congenitally incapable
of investing money directly in technology. Certainly, you could have
gotten more by putting money into machine tools than by getting spin-
off from NASA, but nobody is going to put public money into machine
tools.

[Gold. Researchers are now digging into more fundamental prob-
lems. The cost of dealing with these problems frequently reaches
beyond the possible proprietary values to individual companies. We
are seeking knowledge of basic materials and processes which reach
far beyond what one company could capitalize on and exploit itself.
To deal with problems like that takes enormous sums. Big commit-
ments are involved. Above all, there is a big gap between exploring a
phenomenon at the laboratory level and meeting the whole series of
additional technical problems as you try to scale up to a level which
would fit into the large scale operations of many of our industries.
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There are many stages here, so there is a large subcommercial level of
research and development that is needed. Companies are aware of
this but do not undertake such research because it is not only risky, it
is long-term and a very heavy absorber of resources. Even if a partic-
ular firm did such research and achieved a breakthrough it wouldn't
get all of the benefits.

[What I am suggesting is that the sources of major technological
advances now require a deeper exploration of scientific foundations.
This takes a long time; it is risky; it takes a lot of money. This is an
area where it may be necessary to turn to government because the
values of any success in this area cannot be appropriated by any one
individual corporation or some little group of them.

[Konkel. Where is the market failure? You have to get down to
specific examples. I don't think you can deal with it in the abstract.
I think that, in general, the reaction of the private sector would be
that if the government gets in, not far behind would come controls
and decisions on which particular technology ought to be researched.
There could be all kinds of control problems that probably don't re-
flect the right kind of market orientation. An example of the difficul-
ties that can be encountered is the space program where there is some
very fine technology now available in the Landsat program. How do
you get that program into the kind of mode where people are really
using the data and developing widespread applications? It just is not
at all clear how you do that. I wouldn't want to take that model and
try to apply it elsewhere. How to make things happen in the real
world-the real economy-getting entrepreneurs out there working
and taking government-sponsored technology and doing traditional
things that we let the private sector do, is just not at all clear.

Anybody who suggests that there are specific gaps or market fail-
ures toward the applied end of the R&D spectrum which need to be
addressed should bring forward their cases on specific merit.

[Myers. Right now, the government bureaucrats are absolutely in-
competent to deal with a lot of these private market issues. They don't
have to remain incompetent, but before I let them loose to do anything
else they have to demonstrate their competence. They have an oppor-
tunity to do it in multibillion dollars worth of research and develop-
ment now underway at the Department of Energy. Why, then, don't
we let them demonstrate their competence, and if they do a good job
there then we can turn them loose to do other things. Private industry
does seem to think very often that the Government knows something
that they don't. Witness what happened with Operation Break-
through. Those housing innovations made no sense at all, yet the
Government put a lot of funds in it, and some very smart individuals
supported the program. The private sector, seeing this, participated
and nearly lost their shirts.

[Kaufman. If government gets responses from the business com-
munity which are not based on good business judgment, but on things
like images, stature, and the executive contradicting his engineers,
what are the implications? Is this another set of obstacles the Govern-
ment might encounter from time to time in trying to stimulate innova-
tions: not getting good, prudent business judgments from its business
partners?
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[Robbins. Why should you expect private organizations to function
any differently than any other organization would function? Why
should you expect better information from business than from a Sen-
ate committee? There are organizational dynamics at work which
determine the ways decisions are made. In the energy business there
are an increasing number of large companies who have entered into
the separate grant-related projects which have absolutely nothing to
do with the life of the company. They are participating and making
a profit doing government-funded research, but they aren't in the
innovation business in those areas.

[Rubenstein. I think you've got to be a little bit careful about the
question of nonprudent business. We could also call this behavior non-
economic rationality. The image business could be an extremely pru-
dent business. The cost of money to business can be one-half of a point
higher because a security analyst has rated the business B- instead of
B as an investment. Now, prudent business sense is that if one can get
the security analyst to raise a firm from B- to B it is going to save half
a percent in interest. We have to be a little bit careful identifying
economic rationality with prudent business. A lot of seemingly silly
things are done in the way of prudent business that have a rationality
that can be quite well defended.

[Myers. There are basically two kinds of categories of market risk.
One is low market risk innovations; these are innovations that have
to do with internal productivity improvement. If you make steel bet-
ter and cheaper, the buyer couldn't care less how you make it or how
you accomplish this. He's not buying your internal system; he's buying
your steel. So the risks from the market point of view are very low.
To the extent that the government can encourage innovations in that
category, it should.

[The other category, of course, is high market risk innovations.
And, here you've got two kinds. One is innovations for private mar-
kets. That's the kind of thing that DOE is doing now. Then you have
another kind of a market which is a mixed or quasi-public market,
like in transportation. There's a difference with respect to these two
types of high-risk innovations. Government people don't know very
much about private markets. They use the word "commercialization"
in every other sentence and they talk about market research, but they
really don't know what they're talking about. With respect to quasi-
public markets, the Government is really a lot smarter, and it's learn-
ing; we learned from a lot of serious mistakes that UMTA (Urban
Mass Transportation Administration).]

The basically positive outlook of most workshop participants was
represented by the notions that government can learn from past ex-
perience in the research, development, and innovation area, and that
there are no a priori reasons why government cannot take effective
policy actions to stimulate technological innovation if adequate anal-
ysis precedes policy choice. There was no consensus among partici-
pants on which specific policy actions would increase the rate of in-
novation and channel it into productive directions, but there was a
general sense that some improvements in government policy were
necessary and could be accomplished. The following section reviews
a number of such potential policy options. with an emphasis on those
options requiring congressional action to be effective.
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7. POTENTIAL POuLY OPTIONs FOR CONGRESSIONAL CONSIDERATION

During the workship discussion a number of suggestions were made
concerning potential policy actions which government might take and
which some participants thought would influence the research and/or
innovation processes in a positive manner. Table I organizes most of
those suggestions in terms of some general classes of policy options.
It contains suggestions not in the excerpts from the workshop discus-
sion included earlier in this report. This table suggests the variety and
range of policy actions which together might constitute something
akin to a national innovation policy. If policymakers desire to influ-
ence the rate and direction of innovative activity, it may well be neces-
sary to undertake almost all of these specific activities, and undertake
them in a mutually reinforcing manner. A primary purpose of Table
I is to suggest the complexity and holistic nature of future policy-
making with regard to research, development, and innovation, if that
policymaking is to achieve policy goals.

Table I.-A national innovational policy: potential policy options for congress-
ional consideration

General policy proposals
Adopt, on an across-the-board basis as possible, a policy stance that innovation

Is an essential contributor to national welfare and that government will, through
a variety of means, continue to encourage it.

Define the government role vis-h-vis private sector innovation in such a way
that business can plan its activities with expectations of stable government
action.

Work through a variety of processes and mechanisms toward a sense of mutual
understanding and trust between government and business. The cooperative
nature of research and innovation activity makes it a good candidate for such
understanding.

Identify those aspects of regulatory policy which have a negative impact on
growth-related innovation, and develop means for including an assessment of
those negative impacts in the evaluation of proposed regulatory actions.

Remove barriers to innovation arising out of existing government policies in
addition to regulatory policies when this can be done without compromising
primary objectives of those policies.

AUow time needed for society to adjust to shifts In government policy before
pronouncing those policies successes or failures.

Develop means to encourage labor and labor unions to accept labor-saving
innovations.

Change depreciation rules so that investors can begin to depreciate large-
scale projects Involving innovative technology as soon as they are initiated.

Insist that foreign countries not subsidize competitors of U.S. business in ways
that undercut the advantages to U.S. firms of incorporating innovations.
Government organization and management

Improve the regulatory process in ways which remove barriers to innovation.
Improve the management of the government share of innovation-related ac-

tivities, particularly civilian R&D programs.
Orient federally funded R&D intended for eventual commercialization toward

the marketplace as early as possible.
Increase communication and provide better mechanisms for interaction be-

tween performers of research and potential users of research results.
Use existing Federal programs of civilian R&D as laboratories for learning

how best for government to work in cooperation with the private sector.
Lessen tendency toward overifianagement of federally funded R&D activities.
Decrease demands and pressure for short-term returns on government research

investments.
Undertake demonstration projects for major innovations on a joint government-

industry basis; at a minimum, permit industrial consortia to fund demonstration
projects.
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Evaluate mechanisms used by other countries to support civilian R&D and
industrial innovation to analyze whether they can and should be adapted to the
U.S. context.

Establish, on the basis of government-industry cooperation, a number of tech-
nology development centers for various industries.

Establish a research and development corporation or similar mechanism, with
a base of Federal funds, to invest in innovations for which private capital is not
available.

Include in any new policy initiative a monitoring process designed to provide
effective and rapid feedback on policy impacts.
Funding options

Sustain Federal commitment to support of basic research.
Develop support mechanisms for research and development activities at the

"subcommercial" level, particularly by pushing the development of promising
technologies.

Provide targeted support in those areas in which significant improvements in
technological capability are possible.

Target Federal R&D funding and/or other forms of support to specific indus-
tries, perhaps even to specific firms, when such assistance is judged to be in the
public interest.
Nonfunding options

Act in cooperation with state and local governments to reduce market frag-
mentation and/or to remove barriers to market aggregation.

Provide more effective protection of intellectual property over a long enough
period of time to permit innovators/entrepreneurs the opportunity to earn ade-
quate return on their investments and inventions.

Recognize innovators through awards or other status-conferring actions; elimi-
nate activities which deter innovation and risk-taking.
Research needs

Stimulate research which links macrolevel and microlevel studies on innovation
in a common framework relevant to policy choice.

Develop better data and measures with respect to R&D activity in both public
and private sectors, including particularly output indicators.
Miscellaneous

Limit access of economic competitors to potentially valuable scientifie and
technical information, particularly information developed using Federal funds.

Assist U.S. firms in their efforts to identify promising developments arising
out of fundamental research in other countries, including encouraging more scien-
tific and technological "intelligence" activities.

Develop training programs to increase the number of people with specific
skills needed for industrial innovation.

Encourage efforts to use existing highly skilled technicians at or near retire-
ment age to train their successors on an industry-wide basis.

Of this total set of suggested policy options, several appear to merit
particular attention because:

1. They received the support of a substantial number of work-
shop participants; and

2. They are appropriate to the Special Study on Economic
Change and to consideration by one or more congressional
committees.

These options include:
(a) developing attitudes and mechanisms supportive of positive

government-business relationships in the areas of civilian research
and industrial innovation;

(b) examining the organizational structure of the executive branch,
with respect to its ability to carry out the Federal role in those areas,
including the support of basic and applied research for industrial
application;

(c) identify existing Federal policies and practices which act as
barriers or deterrents to innovation, and where it is possible without
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compromising the primary objectives of those activities, modify them
to remove or reduce their negative innovation impacts.

(d) lessen congressional pressure (or at least correct the perception
of such pressure) for short-term evidence of the success of Federal
actions in support of industrial innovation, including research support
and support of demonstration projects;

(e) develop incentives for labor and labor unions aimed at persuad-
ing them to accept, if not actively support, technological changes in the
manufacturing and service sectors.

Each of these options is further illuminated in the following work-
shop excerpts:

[Gold. We must take a positive view of the relationship between
business and government; something must be done about it. The most
important single thing that Congress could possibly do is to try to
generate some means of getting industry and government people to-
gether more often. If there are fights there are fights, but they must
keep getting together and jointly move toward some common objec-
tive. This must be done, because the future of society and the economy
depend upon it.

[Myers. From here on in the relationship between the public and
private sectors is where it's at. We simply have to learn how govern-
ment people and industry people can work in a public-private partner-
ship to further, not just the innovation process, but practically every-
thing.

[Robbins. I happen to be a great believer in process. I think the
problem is really a process problem. The present process of govern-
ment-industry relationships is obviously counterproductive. I person-
ally believe meaningful collaboration under present laws and political
and economic philosophies is impossible, given the existing process.
However, opportunities do exist at the present time to deal with the
process problems between the private and public sectors. We could
select a major enterprise in which a higher degree of public-private in-
teraction already exists to work on the process. The R&D and innova-
tion enterprise is a logical choice.

LLogsdon. What you're saying is that we should find some way to
develop an approach in this area which, while it looks like what you're
doing is substance, is really aimed at developing a process of useful
collaboration.

[Robbins. Well, I think process without product is meaningless. But,
process is the main thing; it's the engaging in the process that will
bring the end. I think the R&D enterprise is a very good one for this
approach because it is a public-private contracting enterprise, where
everyone's got a stake in it.

[The NASA experience was a very interesting experience in this
context. Collaboration was based largely on NASA Administrator
James Webb's ideas, which carried on for awhile after he left. They
were very much dependent upon him and his driving force. I happen
to believe there are only certain times in an enterprise when things
can happen. There has to be a very turbulent environment, and points
of rapid change for you to do things. Once the turbulence goes down,
a process gets a little more rigidified. I think we're going into that kind
of a turbulent environment in terms of the R&D enterprise and innova-
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tion. You might strike now and get lots of things to happen. NASA's
collaboration with the private sector worked because NASA operated
in a turbulent environment. I think that was more important than any.
thing else. Webb could do whatever he wanted to do. NASA influenced
the educational enterprise. It got into the way industry structured
itself. NASA created a market for new technology that went crazy in
terms of spawning entrepreneurs.

[I'm not saying that's what we want to do. I'm just saying those
kinds of things can happen in a turbulent environment. I think we have
an opportunity to come up with an entirely new view of process with
respect to public-private relationships in the R&D enterprise. I don't
think NASA is what we want to create. I don't think DOD (Depart-
met of Defense) is what we want to create. I think it requires some
real thinking out from the process point of view.

[Schell. Maybe one of the very effective things that government can
do is stop pretending that we know better than industry what their
problem is. Even if we don't think it's going to matter, perhaps we
ought to take some steps to promote a psychology that we're being re-
sponsive to an industry's needs, or understand their problems, or at
least are willing to try to do some of the things industry suggests.

[Hamilton. I think a government initiative has to be to establish
mechanisms that deal with these kinds of process problems. I think
there's a great opportunity, but also an enormous danger. Most indus-
trial groups will say that they support the current Domestic Policy
Review of Industrial Innovations. They are working very hard, but
they wonder what will happen after their advice has been given. What
happens in followup to that advisory effort can be a great help, or it
can do great harm to the interactions between public and private sec-
tors. I personally think that one of the mechanisms that ought to be
looked at here is using the Department of Commerce as a continuing
broker, as a linkage to the private sector. Commerce should continue to
look at linking mechanisms, both in the managerial-technical interface
and the public-private interface. It will take a lot to set this up. It will
be controversial.

[Gold. We now have a culture in which business assumes that any-
thing the Government does has some hostile intent associated with it,
Even when the Government does something favorable, there is a real
tendency on the part of lawyers and all other people in the corpora-
tion to figure out what the catch is. This is a rational reaction because
this is how industry interprets its experience over an extended period
of years. To alter this reaction, to achieve a sense of at least reasonable
mutual confidence, is going to take some considerable period of time.
It is going to take a certain amount of reinforcing evidence. Whatever
it is that Government does in this area, the reaction won't be immedi-
ate. It is going to be very careful and suspicious. This is not an irra-
tional reaction on the basis of industry's past experience. I think that
one of the most critical things we can do is to undertake a program-
an extended program, a continuing program-in which Government
makes some commitments and makes good on them.

[Logsdon. One of the things that comes through from this discus-
sion is that there's a kind of three-way relationship between the tech-
nical community, the business community, and 1Government. We have
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talked about training technical people to understand the nature of
business, and vice versa. How can you inject into that process, as
people begin to carve out careers in this area, an understanding of the
relationship between the innovative activity in the private sector and
Government so that there could be the kind of two-way communica-
tion flow that a lot of people have stressed as an essential element?
The Domestic Policy Review has established this dialogue between
people at the chief executive officer and senior corporate official level
and high-level Government officials on an episodic basis. It seems to
me that Congress might think about the flow of a number of relatively
junior-to-middle level individuals in the area we're concerned with,
Government and industry.

[Hamilton. I find all of this talk about cooperative programs be-
tween industry and Government just "pie in the sky." There are so
few incentives. In fact, there are massive disincentives, to bringing
the two groups together. If you start a private sector career, you are
a fool if you ever put a foot in Government, with the very rarest of
exceptions. I think the same is true if you start a career in the public
sector.

[Konkel. I don't really sense this great polarization and distrust
in my sabbatical in industry, coming from OMB (Office of Manage-
ment and Budget). One thing I have become aware of is that my own
attitudes sometimes are wrong. I think that people like me tend to
listen too much to agency people. On a few occasions in doing my
budget examining job I have had consultations with people in the pri-
vate sector about specific program issues, but I have to say that there's
a real uneasiness about "going outside of the Government" for techni-
cal or program advice when budget decisions are being made. Ad-
visory committees can help, but then you have problems of obtaining
timely responses to the right questions, which frequently are not asked
by the agencies. We need to do better, but I am not sure how.

[Logsdon. Is one problem the organization of the Federal Govern-
ment in areas like basic research to support technological develop-
ment, basic research related to infrastructure rather than related to
specific missions? Should there be organizational entities within the
Federal Government to provide the focus for the kind of communica-
tion process we've been talking about? Is there a case that can be
cumulated out of a lot of the things which have been said, to create
new organizational structures, new bureaucracies related to the inno-
vative process and to the basic, applied, and development work that
siuports innovation?

[Merrill. As far as organization and reorganization is concerned,
there's a vast difference between shuffling boxes and deciding what
that particular agency, whether new or existing, is going to do. If
there were a new mission for Commerce, if you really decided you
wanted Commerce or some agency to perform this task of basic and
applied research for industrial application, some sort of reorganiza-
tion might make sense.

[Gold. Either in terms of achieving the benefits of increases in
scale or achieving the benefits of a major technological advance, a
large corporation in the United States is made extremely nervous by
the possibilities of success. If you have success in a large scale. enter-
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prise, you're going to push smaller firms out of the way. That brings
penalties or coercions, or at least threats from our governmental
structure. More and more, the FTC (Federal Trade Commission)
and other agencies in the Government have come to the notion that
if there's any concentration in any industry, by definition that means
an absence of competition and, therefore, technological innovation is
prevented. I think that does sometimes happen. I think government
ought to watch out to see that it doesn't happen. In almost every other
country of the world, government has been pushing companies to-
gether and pushing for the economies of larger scale activities, but
this approach would make the role of small business much more diffi-
cult. This is a problem that large companies in the United States
worry about.

[Similarly, if you have a major breakthrough, you might get a
judicial decision which says that your new technology must be avail-
able to smaller competitors. Larger companies have the funds which
can be put into somewhat longer term, more risky projects, but why
should they make this investment if the result is not going to be an
extended competitive advantage? First, the financial people are tell-
ing private sector executives to evaluate innovations only from an ac-
counting point of view; then you have the lawyers telling them that
even worse than failure might be success.

[Gold. I think one of the things that the Government ought to do
is to help subsidize, together with industry on a joint basis, a series of
major centers of pre-commercial research for industries which have
lagged technologically for an extended period and which involve
large numbers of jobs-the equivalent of what it did to the land
grant colleges in setting up experiment stations. I think we ought to
have a series of such industrial technology development centers at a
number of leading universities around the country. I think we ought
to have centers of that sort covering a dozen of the major industries
of the United States.

[Stern. The idea of starting experiment stations at universities
dealing with a number of industries worries me because we don't know
if it would work and it would take a lot of money to do it. We are not
equipped to run that kind of program. We do not have any experience
in it.

[Gold. There is a weakness in an argument that says let's not do
anything that we haven't done. Agriculture never ran the experiment
stations until they ran the experiment stations, and they didn't run
the experiment stations very effectively when they started. They had
to learn how to run them. At some stage, if the problem is serious
enough, you take certain kinds of risks. I don't think that simply tak-
ing a hands-off attitude is going to solve some of the problems that we
have talked about. The question then becomes: What do you consider
doing?

[Stern. I am not suggesting a hands-off policy. I want to be sure I
am understood. Let's be sure that we examine the barriers and the re-
moval of them as forms of intervention just as much as the addition
of new initiatives. I am trying to say that there is more payoff likely
by the examination of what we have done to the system that skews it
in the wrong direction, and that could be done away with, than there
is of the injection of new interventions.

56-367 0 - 81 - 23
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[Myers. One of the things that Congress might do is to take the
time pressure off some undertakings. Government-sponsored innova-
tions for quasi-public markets tend to fail when the Congress puts too
much pressure on getting nuggets out fast. That was certainly the case
with the Morgantown PRT (Personal Rapid Transit). It was the
case with the desalinization effort. It was the case in a lot of other
things that people know about. There are more culprits in there be-
sides Congress, that is for sure.

[Logsdon. I think the issue is that we are undertaking, in this so-
ciety, a process of trying explicitly to stimulate and guide a process
of innovation with an increasing amount of that stimulation coming
out of a political environment. That means that there are going to be
political considerations affecting it.

[Myers. I am not saying depoliticize the process. There are two ways
of handling the problem. One is to soften the pressures by educating
the Congress as to the realities of how much time it takes to get things
done. The other is to educate Federal administrators on how to ac-
commodate such pressures as these. It is not just an either/or situation.

[Robbins. Whether it is put there by Congress or not, the executive
branch perceives pressure to produce. The result is premature evalua-
tions and shifting objectives. There is hardly a program that has had
a technological content that has not been stubject to that kind of shift
and that kind of pressure. If the source of this pressure is not Con-
gress then Congress should be doing something about the bureaucracy.

[McEachron. It appears that there are two kinds of R&D projects:
those that are seriously launched towards commercialization, and
those that are political actions intended to displace pressure for achiev-
ing something. One uses R&D as a symbol; the other, R&D as sub-
stance. We may very well choose to use R&D as a symbol, but if we
do we are not going to get the kinds of commercialization results ex-
pected as if you pursued commercialization seriously. Congress, in its
oversight role, should be asking, "Is there a consistent policy about
communicating wtih the private sector in explicit ways?"

[Gbold. One of the most serious threats of all is that labor isn't going
to let society get the expected benefits of innovation. I think this is
one of the things that Congress really has to address, and not in a
coercive sense. We must develop some means to provide incentives to
the labor unions, and to labor, to welcome technological change. The
freedom to introduce technological change, and the resulting encour-
agement to management to try to generate technological change, is
certainly worth any price you'd have to pay to have labor accept it.
At present, we are eliminating one of the major sources of potential
savings which is what innovations are concerned with.

[I would like to see Congress consider an arrangement whereby a
firm could begin depreciating large-scale projects as soon as it began
building them. The result would be that the average amount of in-
vestment on which the firm would have to keep earning a return would
be very considerably reduced. If, for example, it took six to eight
years to build a plant and the firm were allowed to depreciate this
annually at some reasonable rate, by the time the plant came on
stream the net investment still embodied would be reduced by almost
half. This would very considerably reduce the amount of investment
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and therefore increase the expected rate of return. I don't see that
there would by any great penalty from the tax point of view because,
Presumably, taxes and profits thereafter would be that much higher
because there would be less investment to pay off and the firm would
be paying the existing tax rate. This would have a very heavy effect
on capital budgeting calculations in terms of the present value of proj-
ects of this kind.

[Rubenstein. We should stop looking for broad-based panacea type
measures. In full accord with the precedent for funding other aspects
of the society, we should look at a specific industry and even a spe-
cific firm. (If we can bail out specific firms which are in trouble, there's
no reason why we can't identify certain firms which have important
innovation capacities, and at least consider whatever help they need).
Maybe we can extend that idea to training. Perhaps we can make not
categorical programs but specifically-tailored programs, so if we need
foundry technologists or machinists, we can take advantage of the
generation of skilled people who are still alive, and whose brains are
working even if they are retired. Maybe we could put them to work
training other people.

[Kaufman. I think the burden is on the person who is advancing a
new policy, or change, or any kind of proposal, to demonstrate some
likelihood of success or improvement. The problem is that today Con-
gress is responding to this set of issues in the same way it responds to
claims made by other interest groups. You have the steel group, the
exporters and the importers, the farm lobby, and a science and tech-
nology lobby who are arguing or bigger budgets and tax incentives and
so on. None seem to provide assurance that anything Congress does is
likely to improve any of the problems it is trying to deal with.

[Stern. The legislative branch should look at legislative initiatives
that are coherent with what is going on in the executive branch. Let's
not have the administration doing one thing and the Congress doing
something else. I would think that there would be more to be gained
in terms of the public interest, in terms of the needs of the country,
by that understanding. I think some pretty good things have come out
of this DPR (Domestic Policy Review) exercise already, I think more
could come if business could build a relationship with Congress and
Congress with business.]

8. FINAL OBSERVATIONS.

Considerable further analysis will be required in order to assess fully
any one of the policy options identified in this report. Such analysis
is not attempted here, since the purpose of this report has been to
delineate potential options, rather than to recommend specific courses
of action.

If there is a single message that this report has attempted by com-
municate, it may have been stated as concisely as possible by Al Ruben-
stein-"We should stop looking for broad-based panacea type meas-
ures." Throughout the workshop the point was repeatedly made that
problems and opportunities in the research and innovation area are
different from sector to sector, industry to industry, perhaps even firm
to firm. Public policies' aimed at ameliorating these problems and seiz-
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ing these opportunities are unlikely to be effective unless they match
the specific needs of a particular situation. Although it is tempting to
seek general solutions and comprehensive policies, in the research and
innovation area the much more challenging task of formulating "micro-
policy" is likely to have higher payoffs for society.

In order to undertake this task, analysts will be required to synthesize
existing knowledge and to identify situations in which crucial under-
standing is lacking. Policymakers, as they must in all situations, will
select among options for action without waiting for analytic certainty
with respect to the results of their choices. Although there are impor-
tant gaps in our knowledge about linkages among research, innovation
and economic change, the general sense of the workshop was that suf-
ficient understanding exists so that choices among policy options can
be made intelligently.' 3 Further, there was agreement that actions now
seem to be necessary if undesirable trends in the research and innova-
tion area are to be reversed. What gaps in knowledge do exist will not
be closed in the near-term, and a posture which recommends no action
until our knowledge base is complete is one of political and institutional
"loss of nerve." Yet, as this report has demonstrated, there is no con-
sensus among qualified scholars and policy analysts as to what specific
actions ought to be taken.

*What complicates the development of specific micropolicies is a sense
that such policies while they must be designed to fit the needs of a par-
ticular situation in order to be effective, also have interactive effects on
other innovation-oriented actions (and other policy objectives). This
implies the need for links between the reasoning leading to the choice
of a specific micropolicy and some overarching "macrotheory" of the
innovation process. As has been mentioned several times in this report,
no such holistic theory dealing with the innovation process as an inter-
active system has gained general acceptance. What is not certain is
whether, in the absence of such a general theory which links the macro-
level and microlevel aspects of the innovation process, specific actions
can be taken without substantial risk-nf undesirable interactive effects.

As mentioned frequently in this report, there has been a loss of
"innovative 6lan" in U.S. industry. This loss might be generalized to
include government as well. Both government and business seem to
have adopted a play-it-safe attitude with respect to entrepreneurship
and risk taking in areas of potentially great private and public re-
turn. The lack of an established analytic consensus or an agreed-upon
theoretical foundation upon which to base policy choice provides a
convenient rationale for inaction and low-risk undertakings. The cur-
rent of thinking running through the workshop, however, was that
the answer is a qualified "yes" to the question posed to workshop
participants:

Do we know enough about the process of innovation to design effective govern-
ment innovation designed to stimulate that process?

If this report has communicated this generally positive sense that
there are reasonable and potentially effective policy actions with re-
spect to research, development, and innovation activities available for
congressional consideration, then its purpose has been accomplished.

la Many of the Ideas in the next few paragraphs have been derived from Walter Hahn,
and I want to acknowledge his contribution to shaping my thinking on these issues.
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APPENDIX A. A CRITICAL SuRVEY OF THE STATE OF KNOWLEDGE ABOuT
RELATIONSHIPS BETWEEN R&D AND ECONOMIC GROwTH/PNO-
DUCTIVITY 14

1. INTRODUCTION

Although many analyses of the links between organized research and develop-
ment (R&D) and economic growth have been carried out over the past two
decades, scholars are still at a relatively early stage in the development of
knowledge about those links. Twice within the past several years (in 1971 and
1977), the National Science Foundation has organized colloquia on the relation-
ships between R&D and economic growth and productivity. At both colloquia,
the leading students in the field concluded that:

Investment in research, both public and private, has clearly been one
of the major sources of growth in output per man in this century. It has
been a good investment both in the sense that it yielded a positive rate
of return, and in the sense that this rate of return has been as good
and often better than the rate on other private and public investments."

Different studies using different sets of dates and different method-
ologies indicate a direct rate of return to R&D of about 25 to 30 per-
cent, which is more than twice the rate of return on physical capital."'

Although what we know about the relationship between R&D and
economic growth/productivity is limited, all available evidence indi-
cates that R&D is an important contributor to economic growth and
productivity. Research of data seeking to measure this relationship (at
the level of the firm, the industry, and the whole economy) points in a
single direction-4he contribution of R&D to economic growth/produc-
tivity is positive, significant, and high.'

Taken at face value, the finding that R&D is a significant contributor to eco-
nomic change should be of major importance to both public and private decision-
makers as they concern themselves with the efficient allocation of scarce re-
sources to the various inputs into the economy. But a cautionary note seems
warranted. As two observers suggest:

The current dialogue regarding policy toward innovation rests on two
premises. The first is that technological advance has been a powerful
instrument of human progress in the past. The second is that we have
the knowledge to guide that instrument toward high priority objectives
in the future. The first premise is unquestionable; the second may be
presumptuous. While all the attention recently given by politicians to
scholars is flattering, we believe that the scholarly community has much
less to say about appropriate policy toward innovation than many
scholars like to believe. Prevailing theory of innovation has neither the
breadth nor the strength to provide much guidance regarding the vari-
ables that are plausible to change, or to predict with much confidence
the effect of significant changes.'

This essay summarizes the existing state of knowledge with respect to the
contribution of R&D to economic growth and increased productivity. It is not a
comprehensive summary of the literature on this topic,'" rather, its purpose is to
give a sense of the major approaches to inquiry and the principal findings of
scholars working in this field. The essay pays particular attention to the limited
body of findings with respect to the differential impacts of publicly funded and
privately funded R&D on various industrial sectors, as an example of the gap

14 This Is a modified version of a paper originally prepared for Appropriate Technology
International, Washington, D.C., by John M. Logsdon. The original paper was distributed
to workshop participants.

15Zvi Griliches, "A Memorandum of Research and Growth" in National Science Founda-
tion, "Research and Development and Economic Growth/Productivity," 1972, p. 47. (Here-
nfter called NSF 1972)

7 M. Ishag Nadiri, "The Contribution of Research and Development to Economic Growth"
in National Science Foundation, "Relationships Between R&D and Economic Growth/
Productivity," Preliminary Papers for a Colloquium, 1977, p. B-17. (Hereafter called
NSF 1977)

11 NSF 1972. p. 3.
11 Richard R. Nelson and Sidney G. Winter, "In Search of Useful Theory of Innovation."

Research Policy, Vol. 6. No. 1 (January 1977), p. 38.
1' The 1971 and 1977 NSF Colloquia provide such a comprehensive overview.
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between the current state of knowledge and what would be policy-relevant. The
essay suggests some of the reasons why the current body of knowledge provides
few useful insights to policy makers as they attempt to select the policy instru-
ments and approaches most likely to stimulate technology-based economic change.

2. EAhLY STUDIES

The pioneering studies of the relationship between technological change and
economic growth were carried out in the mid-1950's. Solow's paper on the con-
tribution of technological change to the non-farm U.S. economy from 1909-1949
was typical of the approach used and the major findings in these early studies.
Solow specified an aggregate production function in which the inputs were capi-
tal, labor, and time. He then used the term "technical change" as a "shorthand
expression for any kind of shift in the production function." Thus, says Solow,
"slowdowns, speedups improvements in the education of the labor force, and all
sorts of things will appear as technical change."' Solow found that output per
man-hour had doubled from 1909-1949, and that 87.5 percent of that increase
could be attributed to the residual input he had called "technical change." '

The "crudeness" of equating technological change with whatever increase in
output was unexplained by other inputs, was unsatisfactory to economists," and
a number of studies in the early sixties attempted to refine this approach by
including more inputs which had been omitted in earlier research. For example,
Denison's comprehensive 1962 study The Sources of Economic Growth resulted
in a relatively low unexplained residual; Denison concluded that "advances in
knowledge" were responsible for some 40 percent of total increase in national
income per employed person during 1929-1952.2

Also beginning in the late 1950's. economists began to treat R&D explicitly as
a third input into the production process, and to examine the statistical relation-
ship between that input and some measure of increase in output, usually defined
as an increase in "total factor productivity," " i.e., productivity of both labor and
capital inputs. These studies were cast at the level of a specific innovation, a firm,
an industry, or a large sector of the economy. The findings of these studies all
suggested that there was a strong association between the level of R&D input
and productivity growth. For example, the combined work of Kendrick and
Terleckyj led to the conclusion that an industry's rate of growth of total factor
productivity was related in a statistically significant way to various measures
of R&D intensity.' Griliches found that the rate of return from agricultural R&D
between 1937-1951 was 35 to 175 percent.25 Mansfield suggested a 40 percent re-
turn in the petroleum industry and a 30 percent return in the chemical industry,"
while Minasian found the return in the chemical industry to be closer to 50
percent.

3. MORE RECENT STUDIES

Two more recent studies exemplify the manner in which economists are at-
tempting to refine the basic production function approach. I.eonard's 1971 study
of the contribution of research intensity to various output measures for sixteen
industries performing almost all U.S. manufacturing was the first to investigate
the differential impact of private and public R&D spending. Leonard's data in-
cluded R&D spending for 1957-63 and rates of growth for the 1956-1968 period.
He found that private R&D spending was strongly related to various growth
measures, but when the research intensity variable included "Federal R&D
funds, correlations with growth rates fall, usually below significance." However,
"by eliminating two industries receiving five-sixths of Federal funds-aircraft

20 R. M. Solow, "Technical Change and the Aggregate Production Function," Review of
Economics and Statistics, vol. 39, No. 3 (August 1957), pp. 312. 320.

21 Edwin Mansfield, in NSF 1972, p. A-22.
22 Edward F. Denison, "The Sources of Economic Growth in the United States" (New

York: Committee for Economic Development, 1962.)
23 Edwin Mansfield, "Industrial Research and Technological Innovation" (New York:

W. W. Norton & Co.. Inc. 1968.)
24 Nestor E. Terleckyj. "Sources of Productivity Advance. A Pilot Study oi Manu-

facturing Industries. 1899-1953." Ph. D. dissertation. Columbia University. 1960.
25 Zvi Griliches. "Research Expenditures, Education, and the Aggregate Agricultural

Production Function." The American Economic Review, Vol. LIV. No. 6. (December 1964).
20 Edwin Mansfield. "Rates of Return from Industrial Research and Development," The

American Economic Review, Vol. LV, No. 2 (May 1965) Dp. 310-322.
27 Jora R. Minaslan, "The Economics of Research and Development," The Rate and

Direction of Inventive Activity (Princeton: Princeton University Press, 1962), and "Re-
search and Development. Production Functions, and Rates of Return." The American
Economic Review Vol. LIX, No. 2, (May 1969), pp. 80-85.
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and missiles and electrical equipment-significance emerges between Federal
R&D intensity and growth rates." 2 Leonard interpreted his findings as showing
that the concentration of Federal research funds in the space and defense areas
had negative impacts on the economy, rather than that Federal R&D support
in general was economically unproductive.

It had been clear that, in addition to direct returns to a firm from R&D per-
formed by that firm or industry, such R&D had indirect benefits accruing to those
who purchased the goods or services incorporating its results. For example, an
R&D-intensive product such as a computer certainly produces gains in produc-
tivity for industries such as banking which make increasing use of computers.
Attempts to measure this indirect return on R&D were initiated by Brown and
Conrad in a 1967 paper 20 and applied in a 1974 analysis of both manufacturing
and non-manufacturing industries by Terleckyj. This study dealt with three
dichotomous variables:

1. Public R&D vs. private R&D;
2. Direct returns vs. indirect returns; and
3. Manufacturing industries vs. non-manufacturing industries.

Terleckyj found that the direct rate of return for all manufacturing R&D was 10
percent and the indirect return, 45 percent. However, when he separated spending
on manufacturing R&D into government and private sources, he found no return,
either direct or indirect, for government-funded research, and a much higher
return (30 percent direct and 80 percent indirect) for privately funded R&D. For
non-manufacturing industries, Terleckyj found "erratic" results, but estimated
a zero direct rate of return for these industries (which in fact perform very little
R&D) but a 187 percent indirect rate of return.'

Other studies, such as those conducted by Griliches ' and Nadiri and Bitros,2

also obtained results suggesting substantial rates of return from R&D invest-
ments. In summarizing these studies, Mansfield suggests that-

All of the studies based on econometric production functions in the
1970's seem to have obtained results which are consistent with earlier
studies.... In addition, however, they have gone beyond earlier studies
in a number of ways. First, they have extended the coverage of the anal-
ysis to almost 1,000 manufacturing firms. Second, they have taken a much
more adequate account of inter-industry technology flows. Third, they
have tried to distinguish between returns from privately financed and
federally financed R&D....

One central finding of particular significance Is that these studies, like
the earlier ones ... , indicate that the marginal rate of return from in-
vestment in R&D is very high.'

Other analysts, however, suggest that the mainstream of studies to date may be
leading down a blind alley. Nelson and Winter suggest that studies based on a
production function are "useful and provocative but have not cut very deep" and
that "the breadth and strength of the production function framework is inherently
limited." They suggest that "it is necessary to study in some considerable detail
the processes involved and the ways in which institutions support and mold these
processes." A'

Such a micro-approach, based on case studies of the innovation process, has
increasingly been followed in recent years. A representative study is that of 17
innovations conducted by Mansfield and his associates. Using company records
and interviews with innovating firms and their competitors as well as published
information (as contrasted with the aggregate data used in econometric studies),

28 William N. Leonard, "Research and Development in Industrial Growth," Journal ot
Political Economy, (March-April, 1971), p. 232.

29 Murray Brown and Alfred H. Conrad, "The Influence of Research and Education on
CES Production Relations," The Theory and Empirical Analysis of Production, ed. Murray
Brown, Studies in Income and Wealth, No. 31 (National Bureau of Economic Research,
1967).

35 Nestor B. Terleckyj. "Effects of R. & D. on the Productivity Growth of Industries: An
Exploratory Study" (Washington. D.C.: National Planning Association, 1974).

"' Zvi Griliches, "Returns to Research and Development Expenditures in the Private
Sertor," Conference on Research in Income and Wealth, Nov. 13-14, 1975 (National Bureau
of Economic Research, 1975).

32 M. Ishag Nadiri and George Bitros, "Research and Development Expenditure and Labor
Productivity," eds. John Kendrick and Beatrice Vaccara (National Bureau of Economic
Research, 1977).

3 Edwin Mansfield, "Research and Development. Productivity Change. and Public
Policy." in NSF 1977, p. A-5.

*4 Nelson and Winter, pp. 44, 46.
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they found that the median private rate of return was 25 percent and the median
social rate of return was 55 percent." In another study, Mansfield's team used
quite detailed data on a single large firm from 1960-72, and found the average
rate of return from this firm's total investment in innovative activities to be 19
percent."

At the opposite end of the aggregation scale, Chase Econometrics Associates In
1976 performed a study which attempted, at the level of the total U.S. economy,
to measure the impact of NASA R&D spending on the rate of productivity growth.
Chase used a multiple regression equation to estimate the rate of technological
progress in the U.S. economy, treating NASA R&D spending and other R&D
spending as separate independent variables. The rate of return on NASA R&D
was found to be 43 percent. The Chase study also used macroeconomic simula-
tions to estimate the impact on various economic indices of increased produc-
tivity resulting from NASA R&D spending. Among the results (all of which indi-
cated positive impacts) was that a sustained $1 billion increase in NASA spend-
ing for the 1975-1984 period would increase constant-dollar GNP by $23 billion by
1984.Y

A General Accounting Office analysis of the Chase Econometrics Associates
study suggested that the report "does not prove convincingly that the benefits are
as large as stated," and characterized the study as "exploratory research." GAO
criticized the study's "sensitivity to small changes in methodology" which led to
"major changes In the results," GAO also was somewhat skeptical that the corre-
lation between NASA R&D spending and changes in productivity were a true
cause-and-effect relationship, and suggested to NASA that a more micro-economic
approach to evaluating the impact of NASA's R&D would provide more useful
information to policymakers.3T

4. GOvERNMENT VS. PRIVATE R&D

An example of how the results of existing studies must be interpreted with care.
particularly as a basis for current policy discussions, is the treatment of the
differential impact of government-financed and industry-financed R&D on pro-
ductivity increase. Terleckyj told the 1977 NSF symposium that the findings of
studies which have examined this question are consistent with the hypothesis
"that government-financed R&D either has no productivity returns or has re-
turns significantly lower than privately-financed R&D." 9 Upon close inspection,
the studies to which Terleckyj refers contain qualifications which severely limit
the generality of his hypothesis and limit it in ways which make it not very rele-
vant to policy issues with respect to civilian-orented R&D.

One of the first analysts to ask whether the source of R&D fundng made a
difference in growth was Leonard. He looked at research input during 1957-1963
and found that "despite the larger amount of government funds entering this
research, company R&D funds enjoyed the strongest positive association with
industrial growth." Leonard then divided the sixteen industry groups for which
he had data into two categories: fourteen groups in which Federal funds
accounted for less than half of total R&D expenditures, and two groups-aircraft
and missiles and electrical equipment-in which Federal funds were 89 percent
and 67 percent, respectively, of total R&D expenditures. For the fourteen "com-
mercially-oriented" groups (Leonard's terms), the average Federal share of R&D
expenditures was 24 percent. Leonard found that for these fourteen commercially-
oriented industry groups, "research intensity based both on Federal expenditures
and manpower ratios evidenced a strong association with seven of eight measures
of industrial growth." (but not productivity). Leonard interprets his results as
showing that "it is the disproportionate allocation of Federal R&D funds to two
industries that impairs the contribution of these funds to growth." 0

a5 Edwin Mansfield, "Technology and Technological Change," Economic Analysis and
the Multinational Enterprise, ed. J. Dunning (London: George Allen and Unwin, 1977).

38 Edwin Mansfield. J. Rapoport, A. Romeo, E. Villani, S. Wagner, and F. Husic, "The
Production and Appication of New Industrial Technology" (New York: W. W. Norton,
1977).

37 Chase Econometrics Associates, "The Economic Impact of NASA R. & D. Spending,"
1976.

* General Accounting Office, "NASA Report May Overstate the Economic Benefits Of
Research and Development Spending," 1977.

so Nestor E. Terleckyj, "Recent Findings Regarding the Contribution of Industrial R. & D
to Economic Growth." in NSF 1977, pp. C-6, C-7.

40 Leonard, pp. 245-251.
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Griliches reaches similar conclusions. He notes that the two industries with
the largest Federal involvement in financing of R&D (in 1963) yield the lowest
rate of return, but comments that-

It is interesting that we have stumbled on this impact of federally-
financed R&D in the interpretation of our results rather than in the
econometric analysis itself. In our regressions we were unable to dis-
cover any direct evidence of the superiority of company financed R&D
as against federally-financed R&D in affecting the growth in productiv-
ity. It may be that within any company a dollar is a dollar, irrespec-
tive of the source of financing, but that in these two specific Industries
the externalities created by the large federally financed R&D invest-
ments and the constraints on the appropriability of the result of research
that may have been associated with such investments, have driven down
the realized private rate of return from R&D significantly below its pre-
vailing rate in other industries.'

Griliches does suggest that, at the level of an industry rather than a firm, "a
concentration of federally-supported R&D in one area may lead to an overall de-
cline In the rate of return to all R&D there." '

Terleckyj's own research also includes distinctions that qualify his conclu-
sions about the efficiency of Federal R&D spending. In his 1974 study, he divides
government R&D "between the contract research undertaken clearly in support
of the effectiveness (productivity) of specific governmental programs (mostly In
the field of national defense and space exploration), on one hand, and govern-
ment financed research clearly undertaken for the purpose of enhancing produc-
tivity of the given industry, on the other." Terleckyj's study used 1958 R&D data.
and in 1958 "the only major case where government financed R&D was directed
at productivity of an Industry was agriculture;" therefore, Terleckyj Included
government agriculture R&D funding with industry R&D input, not with gov-
ernment R&D input. Given this treatment of his data, It Is not surprising that
Terleckyj found almost tautologically that government-financed R&D has no
positive effect on productivity growth of the Industry In which it was conducted.
and that the evidence of indirect productivity effects was unclear.'

Neither Terleckyj's study nor others reviewed In the essay provide much In-
sight into the likely Impact on economic growth of repent Federal R&D funding
in the civilian sector. They use data from the late 1950's and early 1960's, when
defense and space research took most of Federal R&D funds. The output meas-
ures used in these studies do not capture the impacts of Federal support of
biomedical research or other activities which have their impact on the quality
rather than the quantity of economic activity. The limitations on the use of these
studies as a basis for current policymaking are suggestive of the general caution
which should be applied in relating the results of this body of literature to
policy choice.

5. CONCLUSION: THE LIMrrs OF OCURENT KNOWLEDGE

Most economists would agree that the body of findings from the representative
studies reviewed above confirm the intuitive notion that technological change is
a driving force behind economic growth and increases in productivity for most
of this century. These studies have also shown that both the private and social
rates of return to investments in R&D are generally high, and there is some in-
dication that the rates of return are different for government-financed and in-
dustry-financed R&D. But what else can be learned from this body of work?
Specifically, can research results be used by policy-makers and decision-makers
interested in maximizing returns of R&D investments, both in the United States
and in other countries? Do we know anything, on the basis of these studies, ex-
cept that R&D inputs and increases In productivity are statistically, and prob-
ably causally, related?

Unfortunately, the answer to these questions seems to be no. Willis Shapley
suggests that "it seems fair to say that the economic studies up to now, and the
conclusions that can be drawn from them, do not go very far toward answering

41 Grilicheq. 1975. PD. 6-2. 6-3.
*2 Zvi Grillches, "Issues in Assessing the Contribution of Research and Development to

Productivity Growth," Charles River Associates. Inc.. 1978. p. 32.
'3Terleckyj, 1974. pp. 21-28.
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the key questions.... The studies ... have not yet provided much on which to
base either R&D decisions or economic policy." " Bela Gold thinks that "most of
the generalizations about the efficacy of technological innovations and of in-
creasing allocations to R&D programs, which have gained widespread accept-
ance, are based on shaky foundations. Because major isues of resources alloca-
tions and of related policy development are involved, it seems unduly hazardous
to be guided by comforting, but essentially untested and highly vulnerable, gen-
eralizations." " Even Edwin Mansfield, although he suggests that "available an-
alytical techniques are sufficiently powerful to permit significant improvements
in the state of the art" with respect to providing satisfactory answers to major
questions confronting policymakers, finds existing studies "frail reeds on which
to base policy conclusions." "

Why this pessimism with respect to the operational utility of research results?
Shapley provides some general answers:

First, the horrendous complexity of the problem. Second the absence
of an adequate theoretical structure which reflects the realities of the
present U.S. economy (much less any other, differently constituted,
economy) and the ways in which technological changes effect it. Third,
the difficulty or impossibility of getting the data needed-accurate data,
current data, and data that are disaggregated in ways needed for mean-
ingful analysis. Fourth, the conceptual and practical problems of finding
ways to measure outputs of R&D other than by its cost or other inputs.
Finally, the problem inherent In learning from experience: does the past
really tell us about the future? Will studies of the effects of R&D and
innovation on the economy in the 1960s and early 1970s help us deal
with the changing economic situations of the late 1970s and early
19808 ? a7

Each of these problem areas deserves more detailed discussion than is possible
within the limits of this essay, but the following paragraphs suggest some of
the key barriers to arriving at operationally useful conclusions.

Technological innovations affect economic relationships: "(1) through a va-
riety of intermediate linkages; (2) within a network of interacting pressures;
(3) covering an expanding horizon of operations; (4) over extended periods of
time; and (5) accompanied by a variety of Independent but concurrent develop-
ments." " Existing studies, particularly those based on a production function
model, capture none of this complexity. The various Inputs into the technical
change process are mutually interacting, as are the outputs, and demand and
supply are mutually interdependent and confounded with other influences.'
There is an increasing body of macroeconomic studies dealing with topics such
as the nature of the research and development and innovation processes, the
sources of innovations, factors associated with successful project selection and
implementation, etc. While In principle these more microscopic studies could com-
plement the generality of econometric analyses and thus capture the texture and
complexity of the means through which R&D inputs are translated into in-
creases in productivity, such has not been the case. A primary reason is the
lack of any unifying theoretical framework within which various studies might
be carried out and their results aggregated. As it is, there simply is no valid
way of comparing the results of studies using different concepts, different as-
sumptions, and widely varying data bases.

There has been particular criticism of the use of a production function as the
theoretical model for understanding the relationship between R&D inputs and
Productivity increase. Nelson and Winter believe that "the breadth and strength
of the production function framework Is inherently limited," since it contains
"at best a rudimentary characterization of process and relevant institutional
structure." 60

"Willis H. Shapley, "Research and Development Fiscal Year 1979: AAAS Report 111,"
1978. n. 78.

451Bela Gold. "Research. Technological Change, and Economic Analysis: A Critical
Evaluation of Prevailing Anproaches." The Quarterly Review of Economics and Business.
Vol. 17, No. 1 (Sprinr 19771. nn. 24-25.

"Edwin Mansfield in NSF 1977. pp. A-15, A-8.
47 Shanley. no. 78-79.
a"sold. p. 21.

N Nelson and Winter. D. 45.
w Nelson and Winter. p. 46.



357

Gold is even more critical, suggesting that the use of the production function
model is "rooted in the implicit, though rarely expressed, fundamental assump-
tion that the important economic effects of all technological innovations are
essentially similar and already well-known, except in respect to their specific
magnitudes in given situations" and that "resulting findings of average input-
output relationships, average time lags between inputs and benefits, and average
rates of profitability seem quite devoid of significance, however, when compared
with the extraordinary diversity of the actual undertakings camouflaged by the
simple aggregative input and output measures used." c'

Griliches, who has used a production function model as the basis for much
of his work in this area, speaks of the "conceptual poverty of our models" and
calls for "realism as to what the production function approach can and cannot
accomplish." r2 There is a growing realization that this approach must be in-
corporated in some broader theoretical structure if research is to provide an-
swers to the kinds of questions being asked by policymakers. Unfortunately
other approaches to understanding the R&D/productivity connection have also
not yet reached an adequate level of theoretical understanding. As noted earlier,
there have been a number of studies conducted on various "microscopic" aspects
of the innovation process, but these studies have "proceded within disjoint theo-
retical frameworks" and their results cannot be linked with the results at a
higher level of aggregation coming from the studies using the production func-
tion approach. As a result, "our knowledge is Balkanized." 5a At the highest level
of generality, the Chase Econometrics study has been strongly criticized not only
for its conclusions with respect to the economic impact of NASA spending, but
also for the weaknesses in theory, methodology, and definition of key variables
and relationships which made the study's results subject to question."

Even if adequate theoretical structure were available, there are major problems
in operationalizing variables, in measuring them, and in having available ade-
quate data. Griliches notes that "difficult problems exist in the measurement of
output in the government and service sectors. . .. Unfortunately the more re-
search and development intensive is an industry, the more likely is its output to
be subject to such measurement problems." 5' Nadiri concludes his 1977 NSF
paper with the plea that "most importantly, there is an urgent need for better
data to test the hypothesis suggested on the role of R&D in the growth
process." ' Current data do not allow analysts to distinguish between the differen-
tial effects on output of basic research, applied research, and development, and
"more generally between the results of the more fundamental long-term industrial
research and the short-term oriented R&D." r" Furthermore, past and current
studies are based on data fom the 1960's and early 1970's, and there have been
enough shifts both in the distribution of R&D allocations (especially by govern-
ment) and in the growth rates of the economy to call into question the utility of
older data as a basis for reaching conclusions about current relationships.

The various criticisms of the results of economic studies to date suggest why
George Eads (now a member of the Council of Economic Advisers) could say
in 1977 that "I'm not convinced we know much more today about these issues
than we did in 1970." Eads is among those interested in this area of research
who are calling for a "fundamental shift in emphasis" if researchers are to learn
much that is useful about how government can effectively and appropriately
influence the level of innovation. 5' Eads echoes the call of Nelson and Winter for
a much richer theoretical foundation for the microeconomic analysis of the
sources of productivity growth. In order to obtain useful knowledge about R&D
decisions, it may be necessary to understand corporate decisionmaking in gen-
eral, and to do so at the level of specific industries, perhaps even specific firms.
It is suggested that only on the basis of such knowledge, can effective government
interventions into the innovation process, including the contributions to that
process of R&D, be designed.

5' Gold. pp. 8. 17.
52 Grillches, 1978, pp. 37-38.
w' Nelson and Winter, p. 47.
51 GAO. pp. 6-8.
55 Grillches, 1978. P. 3.
1' Nadiri. in NSF' 1977. p. B-27.
67Terleckyj. 1974, p. C-16.
Is George C. Eads, "Achieving 'Appropriate' Levels of Investment In Technological
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If one accepts this line of reasoning, then how Is the body of knowledge re-
viewed in this essay to be evaluated? Certainly this research and its basic find-
ings with respect to the strong influence of technological innovation on the proc-
esses of economic growth have provided the justification for government's interest
in assuring the adequacy of current and future R&D investments. Refining these
studies on the basis of more adequate measures of inputs and outputs, more up-
to-date data, and comparisons with relationships in other economies than that
of the United States will continue to be a useful undertaking. Such refinements
will enable other analysts and policymakers to have a clearer sense of what
the overall pattern of relationships is, even if they cannot go directly from those
patterns to specific conclusions on how to influence the input-output relationships
In desired ways. Thus work at the aggregate level is one part of a broader attack
on the problems of understanding the economics of technological change. Only
through such a combined approach, using a theoretical framework that allows
for synthesis of the results from studies at various levels of generality, is it likely
that economists can provide valid and useful answers to questions of R&D in-
vestments, the process of technological innovation, and the appropriate role of
technology in the future of societies at all stages of development.
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Technical Advance and

Economic Growth: Present

Problems and Policy Issues

RICHARD R. NELSON

THE OECD THEN AND Now: WHAT IS DIFFERENT?

To SKETCH, from the perspective of somewhat heterodox
economist, some of the key issues of science and technology policy that
face the countries of the Organization for Economic Cooperation and
Development and particularly the United States, and that call for new
thinking over the coming decades, my point of departure will be to
describe a number of important differences between the OECD countries
as they are now, and as they were during the heyday of rapid growth. To
some extent, these differences are describable in terms of the economic
troubles of the 1970s-slow productivity growth, high inflation rates,
high levels of unemployment, and balance of payments stress-com-
pared with the more salutary economic conditions earlier. But such a re-
counting provides a biased and somewhat superficial view of what has
changed in the OECD countries over the past quarter-century.

Compared with the 1950s, virtually all of the OECD countries now
have much higher real per-capita incomes, and levels of real private con-
sumption have risen dramatically. Virtually all of the OECD countries
have taken major steps to place a floor under individual and family stan-
dards of living, and to protect people to a significantly greater extent
than before from the vicissitudes of labor-market conditions and per-
sonal infirmities or bad luck. As a striking example, a large fraction of
the currently unemployed in many of the OECD countries have had their
income losses largely buffered by unemployment payments. In addition
to providing income maintenance, the modem welfare states have vastly
increased the range of goods and services that are public provided or
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which are largely financed through government rather than private
budgets. Almost all of the OECD countries now have some form of na-
tional health insurance. Most provide housing and other services at sub-
sidized rates for individuals and families on low incomes.

As a consequence jointly of generally higher average living standards,
and of the greater role of governments in influencing income distribution
and resource allocation, the old traditional sectors of agriculture, min-
ing, and traditional public utilities now account for a significantly
smaller fraction of the work force than they did 25 years ago. Private and
public services, in particular, now absorb a significantly larger fraction
of the work force.

The growing governmental role in resource allocation and income dis-
tribution has been accompanied by increased regulation of private
economic activity. Environmental and energy regulation, and job safety
and product-attribute regulation, are now forces that business must heed
in deciding what they are to do. These forces constrain and complicate
the answer to the question of what can be produced and sold at a profit.

I propose that the various developments sketched above are linked
together. They reflect growing affluence and an associated rise in the
relative importance of values that the rapidly growing, basically market-
guided economies of the 1950s and early 1960s were slighting or
punishing. I will argue shortly that the described developments have
something to do with the observed economic malaise of the past half-
dozen years. But they need to be recognized in their own right. Even if
the economic sailing had remained smooth, the developments would
pose challenges to science and technology policies. Given the rough sail-
ing we have experienced, the challenges are compounded.

THE ECONOMIC SLOWDOWN

The last half dozen years look particularly bad in comparison with the
era of rapid growth Ihat marked the previous decades. But to put that
perception in context, it is important to recognize that economic progress
during the 1950s and 1960s was unusually rapid by historical standards.
In order to understand what has gone wrong recently, it is useful to con-
sider what went right earlier.

Certainly the initial conditions set the stage for rapid growth. Almost
all of the OECD countries had experienced economic stagnation during
the thirties. Many of them experienced devastating physical losses during
World War II. Thus, all of the nations came out of the war with a percep-
tion of large unmet needs for private and public goods, of capital shor-
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tages, and of a large shelf of unused technical advances that had accrued
over the years of depression and war. This was a situation virtually
guaranteeing a high rate of return on investment and rapid productivity
growth as capital expanded, if aggregate demand and supply could be
kept in relative balance.

In view of contemporary tendencies to depreciate economics as a
science and economists as policy advisers, I would remark that,
throughout the post-World War II period, economists have advocated,
and governments have gone along with, active demand-management
policies and, until recently, these policies have worked. Aggregate de-
mand growth was not permitted to fall behind growth of the capacity of
economics to produce goods and services. Until recently, unemployment
was generally kept low, and inflationary forces generally under control.
It well may be, of course, that the initial conditions made the balancing
task of fiscal and monetary policy relatively easy. Because of high invest-
ment demand, governments did not have to act directly as demand
stimulators and did not have to run budget deficits to that objective.
High investment and rapid productivity growth meant that pressures in
the high-employment economy toward sharply rising wages did not have
to result in high inflation rates. In any case, until recently,
macroeconomic policies worked.

The era of rapid productivity growth was marked not only by high in-
vestment rates, but by significant changes in the allocation of labor
across sectors and industries. While high levels of employment were
preserved generally throughout the period, in some industries employ-
ment fell rapidly. But with overall demand high and growing, and
overall unemployment low, labor mobility was facilitated. In the first
part of the rapid-growth era, the dominant shift was largely out of
agriculture into manufacturing, transport, public utilities, and services.
Toward the end of the era, the dominant shift was into services.

While all of the OECD countries entered the post-war era with a
catalogue of technologies that had been developed during the 1930s and
the war years and that had not been incorporated into practice, this
source of productivity growth with high returns to capital sooner or later
had to run out. But research and development spending in all of the
OECD countries was strikingly larger during the rapid-growth era than
in earlier periods. If the initial conditions set the stage for rapid growth
and made the task of demand-management policies relatively easy, the
significant technical advance experienced during the postwar period con-
tinued these salutary conditions. The rate of return on investment con-
tinued to be high (although late in the 1960s there were some signs of
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decline). Investment rates continued to be high, and labor continued to
move from low to high productivity sectors. By the late 1960s, the bulk
of employment growth was no longer in manufacturing but in the ser-
vices.

This shift into the services can be explained by two related but dif-
ferent factors. First, in the late 1960s, private demands for both manufac-
turing and services seem to have been relatively price-inelastic. While
sectors experiencing rapid productivity growth did experience relative
price declines, since demands were relatively insensitive to price,
resources shifted out of industries with rapid productivity growth, prin-
cipally manufacturing, and moved into those experiencing slower pro-
ductivity growth, in the case of services. The second factor was a signifi-
cant increase in governmental spending on services, particularly educa-
tion and health, but including as well a wide range of welfare services.

By the late 1960s, there were some indications of trouble on the
horizon. The United States began experiencing both inflation and
balance-of-payments problems, and there is evidence of deceleration of
productivity growth at about that time. One prominent study of that
early deceleration in productivity growth accounts for much of it in
terms of a shifting allocation of resources. There was little evidence of
any sector-by-sector or industry-by-industry decrease in rates of produc-
tivity growth. The inflationary problems of the United States were con-
tagious and some of the basic problems that were leading to inflation in
the United States obtained as well in Europe. By the early 1970s, the
European economies, too, were showing problems in restraining infla-
tion. However, prior to 1973, the productivity-growth deceleration that
marked the United States had not set in widely in Europe.

1973 clearly marks a break in trend. Since 1973, productivity growth
has been slower in all of the OECD countries. Further, it has been slower
sector by sector as well as in the aggregate. And, slow productivity
growth has been accompanied by much more intransigent inflationary
pressures and significantly higher unemployment rates than obtained
earlier.

What lies behind this unhappy syndrome and why is it proving so
stubborn? Economists certainly are not in full accord on diagnosis. I
would urge consideration that the dominant proximate cause has been
governmental policies, virtually universal throughout the OECD coun-
tries, that have been trying to restrain inflation by restraining growth of
demand. These policies have been relatively successful in restraining de-
mand growth. But, as a consequence, supply growth has been restrained
as well. Until recently at least, there has been limited pressure on capaci-
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ty and hence limited incentives for new investment, together with stagna-
tion in employment. Particulary in the European countries, labor legisla-
tion has protected jobs. Productivity growth has always tended to
decline when economies slid into recession. Job-protecting policies have
increased this tendency.

I don't mean to say here that the root of the problem is pernicious
government policies. Government policies are what they are because in-
flation has been so rapid, and because there is widespread political
pressure on governments to do something about inflation. I do mean to
say, however, that these policies, whatever their effect on restraining in-
flation, also have restrained productivity growth.

Let me push the analysis one stage further. Why the inflationary
pressures now and not earlier? Analysts have cited a long list of factors.
There are several that I think particularly germane to the present discus-
sion.

First, I would argue that the rapid rise of living standards during the
1950s and 1960s sharply raised expectations of what might be achieved in
the future, and actually intensified squabbling about how resources were
to be allocated and incomes distributed. While the dispute about
priorities during the Vietnam War made the allocation struggle par-
ticularly visible in the United States, throughout the OECD countries
questions about whether increases in gross national product (GNP)
should be allocated to public services, or to the provision of private
goods, were the stuff of politics. Throughout the OECD countries there
seems to have been widespread verbal agreement that the real incomes of
lower-income individuals and families should be brought closer to the
mean. However, when push came to shove, middle- and upper-middle-
income individuals did not put up with a reduction in their relative
shares. The dispute was fought out both in the arena of private wage-
bargaining, and in the arena of welfare-state programs. And, by the late
1960s in the United States, and somewhat later in Western Europe, the
political pressure for environmental and safety regulation, which had
been building up for some time, reached sufficient force so that these
demands and requirements also were placed upon the economic system.

I do not want to take even a hint of a stand here regarding which of the
demands were (and are) socially most important. I only want to propose
that by the late 1960s, the increasingly politicized economic systems of
the West were generating demands faster than could be met even with the
rapid growth in productivity being experienced then. And when, as a
result partly of restrictive policies and then the great shock of the oil em-
bargo and the oil price hikes, real output growth in the OECD countries
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slowed down, the problem was compounded. I do believe that to get
their economies working reasonably again, the OECD countries are go-
ing to have to be more effective than they have been in balancing com-
peting claims against available means.

But even were we to achieve this, there are two salient structural dif-
ferences between the present and earlier economies that will make rapid
productivity growth difficult to achieve again. I referred to both of them
earlier. We have been experiencing a shift in the allocation of resources
away from manufacturing and public utilities to private and public ser-
vices. And through regulation we increasingly are forcing attention to
non-market values in market sectors.

Rates of productivity growth in the service sectors historically have
been very slow. This is partly a measurement problem, but almost cer-
tainly real rates of productivity growth in services in general have been
less than in manufacturing. Thus, this shift in the allocation of resources
brings down the average rates of productivity growth even if all the sec-
toral rates are maintained.

Regulations force attention to values that otherwise would not be
recognized. Analysts differ on the costs associated with these new regula-
tions. However, they surely increase resource costs in traditional dimen-
sions, and shift the allocation of investment in new plant and equipment,
and in research and development (R&D). toward meeting these new
values and away from enhancing productivity as traditionally defined.
This isn't to say anything negative about these regulations. These shifts
in allocation are after all, their intent. But as we make these values count
more, we well might expect slower expansion in production of goods and
services as traditionally defined.

Both of these structural developments pose significant issues for
science and technology policy. So does the continued economic stagna-
tion, which I propose is acting as a deterrent to traditional industrial re-
search and development.

Note that I am not proposing here that an earlier slowdown in
technical advance was an important source of the current economic
malaise. Some other analysts have proposed this. It has been remarked
that R&D spending in the United States began to trail off in the late
1960s, well before the 1973-74 crunch. But the national R&D cutback is
completely accounted for by declines in defense and space R&D. Most
econometric studies of the sources of productivity growth have been
unable to attribute much weight to spending in the areas of defense and
space R&D. And private industrial R&D expenditures, which earlier
econometric work has shown to be strikingly related to rates of produc-
tivity growth, held up quite well until the mid-1970s.
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Since 1973, there has been significant deceleration in R&D expen-
ditures, private as well as public. But for the most part, this is associated
with deceleration in growth of real output, rather than any reduction in
the ratio of real R&D expenditure to real output. There has been recent
evidence, however, of a shrinking of time horizons and a growing con-
servatism regarding industrial research and development. This develop-
ment, like the slowdown in R&D spending, is just what one would expect
given the slack economic conditions.

The slowdown and growing conservatism of R&D spending, along
with the shift in allocation of resources toward services and the new
regulatory regimes, all pose serious problems for R&D policy. Let me
now explore these.

POLICY ISsUES REGARDING TECHNICAL CHANGE

In the preceding section I argued that the current stringency in R&D
budgets, and the growing conservatism of R&D, stem from the current
economic malaise. They are a consequence rather than an initiating
cause. But slow and conservative technical advance can make it harder
to break out of the current rut. And faster and more innovative technical
advance may make it easier to get out.

More rapid technical advance can facilitate more rapid productivity
growth, and hence enable wage-increase demands to be met with less in-
flationary pressures. I would propose that more rapid technical advance
and productivity growth, far from being a threat to employment, would
facilitate a reduction in unemployment. I argued above that the prox-
imate source of today's high unemployment is restrictive government
policies. If more rapid productivity growth can facilitate better control of
inflationary pressures, governments will be able to relax their restraints.
Thus, more rapid productivity growth may be a prerequisite for a return
to higher levels of employment.

Many scholars have argued that support of long range research and ex-
ploratory development in the basic technologies that underlie a wide
variety of industries, is a feasible and potentially fruitful role for govern-
ment. In a few fields, such as atomic energy and aviation, the American
government has pushed such policies. European governments have de-
veloped them across a broader front. Experience with these programs
suggests that there is a danger of governments' getting too closely in-
volved in making decisions as to which particular products are to be de-
veloped or which technologies are to be brought into practice, rather
than concentrating on broadening the range of alternatives seriously be-
ing explored. But if these proclivities can be kept in mind and guarded
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against politically, then, assuming such government programs were a
good idea during the 1960s, they will be an even better idea during the
1980s. The current slump and the adjustments made in industrial R&D
reveal just how fragile private support of exploratory and long-range
work is. It would seem an excellent idea if governments took an explicit
responsibility for overseeing the adequacy and diversity of the basic

! technological efforts as they long have taken a responsibility for over-
view of basic academic scientific research.
I do not want to push the idea that aggressive government stimulation of
basic technological work can be a central instrument in resolving today's
macroeconomic problems. But I think it should be more widely recog-
nized among economists that further erosion of basic technological pro-
gressivity can make today's problems worse, and that policies to
stimulate greater innovativeness can be important parts of a salutary
package. Over the long run, protecting basic technological effort from
the ups and downs of general economic activity may be an important
component of a refurbished economic stabilization policy.

My other remarks about policies relating to technical change relate to
more microcosmic problems. Throughout this essay I have pointed to
two major structural changes in the OECD economies-a significant in-
crease in the fraction of resources allocated to private and public ser-
vices, and a great enlargement in the scope and strength of regulatory
regimes. Both of these developments pose important questions regarding
policies relating to technical advance.

The evidence is clear enough that the new regulatory regimes are hav-
ing a significant influence on technical advance in the sectors most af-
fected. This was their purpose. But it also is apparent that there are
significant problems involved in trying to redirect private R&D expen-
ditures thrciugh the kinds of regulatory instruments we have been using.
In the first place, uncertainty regarding future regulatory requirements
may deter firms from trying to develop new products and processes
significantly different from present ones, since the regulators may re-
spond to their advent by prohibiting them. There is some evidence that
this has been happening. Second, the current kinds of regulations
prescribe certain dimensions of environmental insult on work hazard,
but not others, and establish particular required levels of achievement
with no reward for surpassing them.

Current regulatory standards tend to be set with some notions regard-
ing the costs of meeting them and the responses they will evoke (which
may or may not be justified). Sometimes the result is that the standards
are met at high costs with very few social benefits; sometimes the result is
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that the standards are challenged and the regulators forced to back
down.

At the least, cases like that of automobile-emissions control indicate
that a rather strong governmentally-funded R&D program is necessary
simply to enable standards to be set sensibly. Government-undertaken or
funded R&D also is necessary if government agencies are to avoid being
outclassed by the firms they are regulating in discussions regarding tech-
nological options, likely costs, and reasonable expectations regarding the
performance of the companies in question. I would tentatively suggest
that public responsibility for the funding of R&D aimed at furthering
non-market values might go considerably beyond this minimal role of
obtaining information. Regulations might well be set more sensibly if
Congress and government agencies had to face some of the R&D costs of
meeting them.

Another challenge for policy regarding technical advance is posed by
the shift in the allocation of resources away from manufacturing in-
dustries to other, principally service industries, where measured produc-
tivity growth had in general been slower. While in some of the service
sectors technology has changed very slowly if at all, slow productivity
growth in the service sectors now exerts a bigger drag on income growth
than it used to. Significantly enhancing productivity growth in such sec-
tors as construction, urban mass transport, health maintenance, and
education, is now even more important than it was before in order to
achieve social gains in these areas.

Simply shifting resources into these sectors will tend to draw greater
R&D attention to them. But it is highly unlikely that market forces alone
will be able to affect major improvements in the technological pro-
gressivity of sectors like these. And it is doubtful that government ought
to stand idly by and defer to the market for effective R&D efforts. In the
first place, the organization of many of these sectors is mixed, with
governments playing a large role on the demand side and often on the
supply side as well. Directly or indirectly, governments have a great deal
of leverage over R&D in such sectors as public housing, health, educa-
tion, and urban mass transit. This leverage ought to be exerted self-
consciously and intelligently. Second, in many of these sectors, like
private housing, demand has been protracted, high, and growing, but
not much as happened. Government action has the chance of getting
something to happen.

As in the case of regulation, for the sectors where the government is
heavily involved as demander or supplier, the public agencies involved
should spend at least enough on R&D to know what the technological
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options are and what they are likely to cost. But as with the regulatory
cases, I propose that here too the fruitful public role for R&D should go
well beyond that minimal requirement, and should involve government
finance or cost-sharing in a wide range of R&D activity. In fact, R&D
spending in these fields has increased significantly in the United States
over the past decade. But satisfactory arrangements have yet to be
worked out.

In the case both of R&D focused on the new regulatory regimes, and
R&D focused on public services, the advisability of an expanded govern-
ment role is supported both by its natural access to relevant information
and by the legitimacy associated with an acknowledged public respon-
sibility. It will be harder for governments to establish an effective, active
R&D policy where there is no strong recognized public responsibility for
the values or the services in question, particularly if private suppliers
view each other as competitors. Perhaps the most successful example of
public funding and subsidization of private-sector activity is to be found
in agriculture. Another is public support of the basic sciences and of
much of medical technology. In both of these cases public involvement
could be justified politically by appeal to the role of the state in assuring
that basic needs are met. But roughly the same kind of argument also
could be, and was, put forth in the various efforts in the 1950s and 1960s
to mount public programs in support of housing technology. The pro-
posed policy departures never were actively implemented. The latter case
is differentiated from the former ones, it seems to me, by the fact that
suppliers of inputs into housing construction considered each other as
rivals. Public support of R&D relating to housing therefore was viewed
as posing a sharp threat that some firms and industries would be helped
and others hurt. This perception undermined the legitimacy of govern-
ment programs and was sufficiently effective to keep them bottled up in
legislature.

As I understand it, the current struggle with respect to the govern-
ment's role in energy-related R&D reveals a similiar syndrome. While a
broad public responsibility is not questioned, the issue of where public
responsibility begins and private responsibility ends involves not only
questions of who is in a better position to make decisions and where
private incentives are strong and weak, but also the constraint that
public funds should not significantly upset the balance of private com-
petition. But, the requirement that public research and development sup-
port not upset the private balance can come close to a constraint on
public R&D not to generate anything significantly different from what
private R&D would have come up with in the first place.
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I flag this problem because I think it is a serious one. My arguments
herein call for a significantly greater role for public decision-making and
public funding of applied R&D. While such a role will inevitably benefit
most of us, it will erode the interests of some of us. All of us concerned
with identifying the important science and technology issue of the 1980s
should be very aware that it is one thing to identify and argue rationally
for a new set of policies, but it is something else again to get these policies
accepted politically without emasculation.



THE REVIVAL OF ENTERPRISE

By Theodore J. Gordon*

CONTENTS

?age
1. Was enterprise ever real in America? - _- _-_ - __ 371
2. Have things changed? Has the level of enterprise diminished? -372
3. Why has productivity diminished?-373
4. Can productivity be revitalized? 375
5. Should we seek to revitalize enterprise? - __-__-_-_ -_ 377

As I considered the prospects for the revival of enterprise-par-
ticularly enterprise in the United States-I sought to answer five
questions:

Was enterprise ever as real and as intense as we remember or
is it vital only in recollection-a trick of memory?

If it was real, have things changed-has enterprise diminished?
If it has diminished, why?
Given the reasons for the shift, can it be revitalized?
Even if it could be , should it be? Do we really need enterprise

in the years ahead or has its time, like Victorian morality, passed?
When I began the exploration of these issues I was not at all cer-

tain about the outcome-in the end there are no black and white
answers, only hints. But the hints are strong and suggest enterprise
needs to be revived-and probably can be-in the interest of us all.

Let me first define enterprise. It is different, I think, from either
productivity or innovation. Productivity in the economist's sense is
output per man-hour. Enterprise, in the way I use it here, involves
bold, hard, and important undertakings. Thus, not all productivity
is enterprising, nor all enterprise productive. For example, consider
that someone comes up with an effective plan for cutting health care
costs. This would certainly be enterprising but might not result in an
increase in economic measures of productivity. Similarly, more effici-
ent production of trivia might increase economic measures of pro-
ductivity but is not enterprise.

At this conference we have heard a lot about the difference between
quantity and quality. To a degree that's the kind of distinction in-
volved here. Innovation deals with the process of invention and mar-
ket introduction of products and services, and its measures are
independent of what is innovated; productivity is a very limited
measure of the efficiency of the economy-output over input; it doesn't
deal with what is produced. Enterprise, however, is concerned with
ends and their achievement and therefore inevitably deals with what
is innovated and produced, and the spirit which engenders invention
and production. It is purposeful production.

*President, the Futures Group. Glastonbury. Conn.
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Enterprise involves values and is, therefore, a much more difficult
notion than productivity which is reducible to an arithmetic construct.
What is bold and hard and important (that is, what is enterprise)
depends on values (that is, what is perceived as being bold and hard
and-particularly-important). Since values change with time, what
is considered enterprise changes with time as well.

In a nutshell I reached these conclusions about the five questions I
posed. Yes, enterprise did once flourish in our country and has now
diminished in intensity. The reasons for its current lack of vigor are
hard to pin down exactly but include satiation, diversion of resources
from so-called "productive" to "unproductive" pursuits, unbalancing
of rewards and risks, and above all, increased uncertainty occasioned
by inflation and regulation. Uncertainty results in a short-term per-
spective. There are many proposals for encouraging innovation and
productivity but their effectiveness is not known. Even if these pro-
posals work as intended and they stimulate innovation and productiv-
ity, they may not rekindle enterprise. Yet the opportunities and, more
importantly, the needs for enterprise, abound, and in some instances
at least, the revival of enterprise seems the only means of avoiding
suffering of great magnitude and intensity and improving our mu-
tual lot.

Let me review briefly these five questions and some of the ideas which
occurred to me as I pursued them.

1. WAS ENTERPRISE EvER REAL IN ALMECA ?

Of course it was. Over the last two hundred years in our country
there was a spectacular confluence of forces that gave rise to un-
paralleled economic and social growth. Markets were created by the
growing numbers of people in our country, their inexorable move to-
ward the West, the entry of the United States into world trade, and
the spectacular rise in affluence by any measure-quantitative or quali-
tative-of the average American. These markets could be served be-
cause of a vital labor force-sometimes imported, the ready availability
of inexpensive raw materials, and the creation of a national capital
base. And these forces came together in an era of invention that ran
continuously from the first beginnings of electromagnetic theory to
large-scale integrated circuitry; from the frontiers of western Massa-
chusetts to the frontiers of space. And the invention was not confined
to mechanical devices; it pervaded the social arena as well. We saw
in this same interval the transition from an agricultural society to an
urban culture; unprecedented experiments in freedom of lifestyle from
generation to generation; the growth and demise of imperialism; the
advent of bipolar military stability; development of the corporate form
and the regulatory structure that shaped it; the shift from exploitation
of the environment to its preservation and restoration; changes in
authority and structure of almost every institution from the family
to the church and school; even changes in what constitutes the "good
life."

The weave of this fabric of enterprise and growth is extremely com-
nlex and it is very difficult to separate cause from effect. Without in-
novative technology, the labor, dapital, and raw materials would have
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been devoted to mundane improvements, not the fireworks of techno-
logical revolution. Without social innovation, all would have been a
rigid exercise in the preservation of archaic and static values. But
the whole was dynamic, vital, discontinuous, explosive; and the con-
sequences are undeniable.

Certainly in all of this there were excesses and abuses. The line be-
tween enterprise and exploitation was often blurred and vague and
changed as modern values emerged. The common environment was
used without question as a source and a sink for production. Child
labor was not only acceptable at one time but considered a virtue.
Trusts, clearly seen as exploitive in retrospect, were the economic en-
gine for accumulating capital which, reinvested, promoted growth and
social development. In short, the virtue of enterprise and the evil of
exploitation could not, cannot, be defined in any absolute sense estab-
lished by measurable specifications which are unchanging with time.
Rather, they are concepts evaluated in terms of the morality of the
moment.

Our call for quality as opposed to quantity would have been unin-
telligible to people striving for survival or seeking security (and still
is).

In short, enterprise was real in America and its fruits are abun-
dantly evident. But what was meant by enterprise has changed over
time as values have changed. Earlier enterprise evoked Horatio Alger
individual achievement, national triumphs and accomplishments in
growth, accumulation of wealth, being the best, zero sum-I win, you
lose. Innovations and productivity were its instruments. Now the
search for modem enterprise leads us into uncharted territories.

2. HAVE THINGS CHANGED? HAS THE LEVEL OF EN sEi
DmNIs=D?

While productivity and enterprise differ-one value laden and the
other not-in a society suffering from lack of enterprise, dropping of
productivity is probably symptomatic of the basic malaise. Since pro-
ductivity can be measured directly and enterprise cannot, let me for
a moment focus on productivity and then extend the conclusions to
enterprise.

That productivity growth in the United States is down, is well
known. It can be seen directly in economists' measures 'of output; in
government spending for research and development (potentially a
cause); in our competitive position with other nations in the absolute
number of patents issued; in the relative number of patents issued by
the United States Patent Office to U.S. citizens and to foreign appli-
cants; in the growth of government, particularly state and local gov-
ernment; in the difficulty small business faces in attracting capital
(small business is typically more innovative than larger business) ; and
in the declining percentage of new product introductions originating
in the United States.

There are no indicators to the contrary: things have changed, pro-
ductivity growth has diminished. In terms of innovation, productivity,
competitive position, or even a qualitative feeling of vitality, the trend
is apparent everywhere.
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While measures of productivity are relatively simple for manufac-
turing industries, measures in the service sector are much more difficult.
How does one measure, for example, productivity in government? Can
the productivity of a police force be measured in terms of its traffic cita-
tions per officer? Economists have been able to develop an implicit
measure of productivity of the service sector but they are shaky.

In the time that we recognize in retrospect as enterprising, would
these same statistics have shown the vigor of enterprise? Certainly to
some degree. But missing from the numbers would be the spirit of the
time, telling those who dare that innovation is not only acceptable but
desirable; that creativity is not a disease; that aspiration is not an
aberration but the norm; that achievement, even individual achieve-
ment, is possible and to be revered; that institutions can work, and
work in the interest of those who are served. These sentiments, to
varying degrees, are seen as obsolete today, and that is the strongest
indication that enterprise has diminished.

3. WnY HAs PRODuCTIVY DIMINISHED?

Given that productivity has diminished in its vigor, what are the
reasons? I came across fifteen reasons in the literature-there are
probably more.

Productivity growth is down because of rapid energy price escala-
tion.-Recent energy price increases have lowered productivity by
decreasing the rate of growth of capital stock (through diverting of
capital that might have been used to increase productivity), by making
energy-intensive processes unprofitable and some capital stock obsolete,
and by making labor substitutes for energy more feasible than was
previously the case. (But note that price escalation also acts as an
enormous stimulant to innovation.)

Productivity growth i8 down because of infiation.-The effect of in-
flation on productivity is complex. Clearly, diminishing productivity
growth adds to inflation; less obviously, inflation contributes to di-
minishing productivity growth. In the presence of inflation, uncer-
tainty is higher and long-term commitments to industrial research are
diminished. Inflation acts to deter venture capital, equity investment
in entrepreneurial activities, and even long range corporate projects.
since the return-on-investment equation always requires some future
estimate of income. Venturesome projects reach "break even" some
years hence; the changing value of the dollar in the interim can make
otherwise attractive projects quite uncertain. Inflation alters the rate
of return for new investment that businesses can accept. In the presence
of inflation, businesses seek faster recovery of capital costs, and that
shortens the Mlanning horizon.

Productivity growth has diminished because after-tax profits have
dec7invd.-The facts are clear enough: after-tax profits of corporations
in the United States averaged about 8 percent of sales during the mid-
1960's and currently average around 4 percent. The lowering of after-
tax profit impedes the cash flow of American industry, and restricts
capital availability for new ventures bv investors. Double taxation of
corporate dividends and long periods of capital recovery for invest-
ment in plant and equipment tend to amplify this factor.
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Productivity growth has diminished because of the changing work
force composition.-Over the last three decades the labor force has
grown more than 50 percent primarily as the result of the entry of
young people and women into the labor force. The influx of less skilled,
less experienced persons, combined with earlier retirement of skilled
adult men, is presumed by some to have reduced overall labor produc-
tivity. Furthermore, while the educational attainment of the labor
force has been increasing, it has been slowing in its rate of increase.
As rate of educational attainment slows, productivity increases from
this source slow as well.

Productivity growth has diminished because of the dynamics of the
shift of labor from agriculture to industry.-Since productivity in ag-
riculture is generally below productivity of other economic sectors, the
shift from agriculture to other sectors generally represented a trend in
the direction of increasing productivity. Now, with that shift com-
pleted, this source of productivity growth has ended.

Productivity growth has diminished because technological progress
in the mid-1960's was exceptional.-The spin-offs from the space pro-
gram were coming to market in the sixties; integrated circuitry was
finding product applications; American technology was a stimultant to
international trade. Now that push is behind us.

Productivity growth has diminished because of increasing emphasis
on antitrust actions.-Conflicts often exist between antitrust objectives
and other social goals. For instance, the patent laws reward creativity
and technological innovation in contrast to the competitive demands of
antitrust. One requires disclosure, the other secrecy. Large corporate
mergers present classic questions of efficiency versus competition. In
general, antitrust actions-or the threat of them-tend to increase un-
certainty and promote a short-term focus.

Productivity growth has diminished because of excessive eXpendi-
ture8 on weapons;-U.S. expenditures are high, averaging 5.4 per-
cent (constant 1975 dollars) of the GNP in 1976. Furthermore, CPFF
[cost-plus-fixed-fee] contracts penalize improved efficiency.

Productivity growth has diminished because of new product liability
concepts.-The liability associated with products now extends over
long periods of time and "ripples" back from the manufacturer of the
product to lower echelon suppliers. The threat of continuing liability
of uncertain size, evoked by conditions of use not under the control
of the innovator, probably leads to less innovation.

Productivitfv growth has diminished because of worker dissatisfac-
tion.-According to this interpretation, diminishing productivity
growth stems from worker dissatisfaction and alienation; worker
frustration stems from bureaucratization and segmentation of the
work process and overciualification for jobs.

The other side of this coin involves the activities by organized labor
that are designed to preserve jobs irrespective of the possibility of
technological improvement. This is known as "job security" and is
directed against the possibility that technological improvements, such
as automation, could eliminate jobs or that jobs would be eliminated
as a result of moving production facilities to another geographic loca-
tion, particularly offshore. Over the past several years job security has
emerged as a major bargaining issue. Previously it tended to be
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cyclical, with increase in job security clauses after economic recession.
The current emphasis is based on more than cyclical trends and, there-
fore, cannot be expected to abate quickly.

Productivity growth has diminighed because of egalitarian drives
that make entrepreneurship less rewarding.-The egalitarian bent of
our society, the argument goes, requires that gains be distributed-
but entrepreneurship by its nature is pursued to achieve unequal gains.
When such gains are perceived as "greed," inhibition is inevitable.

Productivity growth has diminished because limits to growth are
being approached.-In this view, in the past, society used easily avail-
able resources. These were cheaply obtained and processed. Now, it
costs more in terms of capital and human effort to obtain a unit of
output.

Productivity growth has diminished because of inappropriate
Government intervention in the free market.-In this view diminish-
ing growth in productivity stems from tampering with the free market
system. The domain of tampering is extensive and includes excessive
individual taxation that lowers work incentives, and regulations that
require unwarranted corporate expenditures. Wage/price guidelines
result in misallocation, shortages, and uncertainties that reduce
efficiency.

Productivity growth has diminished because of the adverse regula-
tory climate.-Regrulation causes diversion of resources from other
more productive channels. But recognize that so invested, something
is bought other than productivity. There is no way to account for
cleaner air and water and improved worker health and safety in the
current economics of productivity. Thus the loss in productivity
growth may be a myth, an artifact of the way we account. If we could
include the improvements in the environment in the productivity
equation, perhaps growth would still be increasing.

Productivity growth has diminished because of satiation. We've
got what we want, most of us. Entitlements guarantee it whether we
work hard or not-why push? That's the batch-everybody sees in the
situation a reflection of their own prior biases, from Marxist to Keyne-
sian. Perhaps they're all correct, to some degree.

4. CAN PRODUCmIVrrY BE REVITALiZmD?

Productivity is in this year. The Domestic Policy Review (DPR)
of DOC Department of Commercel and the Council of Economic
Advisers (CEA) are conducting studies into productivity; congres-
sional committees are holding hearings on the topic. The reasoning
behind these activities is that productivity growth in the country is
waning, lagging behind Japan and West Germany. This puts us at a
disadvantage in world markets, hurts balance of trade, and is infla-
tionary. Public policies can induce increased innovation, and innova-
tion will stimulate productivity. Immroved production will lower
prices and make our products more competitive on the world market.
Thus it is anti-inflationary and job creating. The recommendations of
these groups are far reaching and include (as examples)

Changes in corporate tax policy to encourage investment and
R&D.
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Promoting commercialization of inventions made under govern-
ment contracts or in government laboratories.

Improving the support of research and development associated
with generic technology, that is, technology that can spawn a
large number of downstream products and processes.

Improving incentives for small business. These incentives
might include stock option time limitations for founders and key
personnel, postponing tax on income derived from sale of shares
by founders, allowing start-up losses to flow free to founding
investors, allowing tax-free rollover of equity investment in small
businesses, etc.

Promoting international trade, particularly export activities of
American firms.

Organizing information relevant to the innovation process, and
making it available in a timely manner to potential entrepreneurs.

Reducing inconsistency of regulation or uncertainty of regula-
tion standards.

Focusing regulations on standards of performance, not the
processes used to achieve the standards.

Studying the consequences of regulations before implementa-
tion. Many new regulations have many unintended consequences;
for example, new regulations have caused many smaller firms to
close and larger firms, as a result, have increased their concentra-
tion in various markets. This was often accomplished through
acquisition, a consequence certainly not intended by the original
regulation.

Amending antitrust policies to reduce their effect on innovation.
Where product safety is involved, employing product perform-

ance standards rather than detailed design standards.
Limiting product liability to a specific number of years after a

product is introduced in the marketplace.
Amending patent timing. Where regulatory approval is re-

quired of a new product before its introduction to the market,
patent issuance should coincide with the approval date.

Is all of this whistling in the dark? Can the government fix it?
The public is mistrustful of both big government and big business.

Many people are reluctant to accept the word of government as abso-
lute truth or many of its actions as necessary; as for business, many
people feel that corporations generally act in their own interest (even
when such action endangers the health and safety of their workers and
customers) and distort the truth as well. In short, there is a loss of
confidence in both government and business and their ability to act for
the public. This expressed lack of confidence is a mark of our time.

Yet, the public looks to government to provide their growing list
of "entitlements": jobs, housing, health care, education, financial secu-
rity, and clean air and water. The growth in the demand for job
security is a manifestation of this "entitlement" attitude. In many in-
stances, business is the instrument by which government accomplishes
these ends; if business can't, or is profiting unduly, the prevailing
attitude is that the government should perform the function. Because
of mistrust, changing values, and pressing societal issues of unprec-
edented complexity, urgency, and importance, a new contract is being
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forged ad hoc, piece by piece, between government, business, and
society.

Even if these policies work, they may not be sufficient; they do not
assure a return to enterprise-a willingness to venture on bold, hard,
and important undertakings with energy and initiative. Perhaps we
as individuals, and the institutions we have created, are beyond that
point. Why, after all, should we do hard things when "entitlements"
let us survive? In the end, to revitalize enterprise requires attitudinal
shifts reminiscent of President Kennedy's instructions: We must, and
our institutions must, ask what needs to be done, not what's coming
to us. This requires a means for searching out goals and making our
measures of achievement coincident with goal attainment, not raw
production. This goal reward should work at all levels.

For the nation this means creating incentives for institutions and
individuals which reward contribution to unambiguous national goals.
For business this means profit-sharing with employees and customers.
For labor this means tying compensation to productivity. For society
this means relating "entitlements" to needs.

5. SHOULD WE SEEK To REVITALIZE ENTERPRISE?

Granted that innovation and productivity, or even enterprise, could
be stimulated. To what end? I believe the problems which we have
now or which appear on the immediate horizon require revival of
enterprise; without it, these problems will be more severe and lasting.
The problems requiring hard, bold, important action include:

Those which flow from the increasing numbers of people who,
without accelerated innovation and productivity, would be
doomed to crushing poverty.

The "problematique," that confluence of global issues, largely
stemming from population and economic growth, including ade-
quacy of food, energy, resources, and the environment.

The control of nuclear proliferation, repairing the frailties of the
world monetary system, dealing with terrorism, urban renewal, im-
migration, conservation without stagnation, improving agriculture
production and the balancing of inflation and employment within the
United States and other countries. These issues cry for sensitive, in-
telligent, inspired enterprise; with it these issues may be overcome;
without it, the risks are great indeed.

These examples illustrate the need for enterprise; coincidentally,
there is a plethora of nascent technologies which, through planning,
can be utilized to advantage. These include the following:

The microelectronic revolution, which will manifest itself in
robots, computers, electronic books, electronic photography, flat
wall television screens, listening and speaking machines, artificial
intelligence, appliances that reason, games that are fun and
human-like creative machines, and new processes and their con-
trol. This technology is relatively inexpensive and will help pro-
vide education, communications, and organizational efficiency.

Genetic technology which offers the possibility of designing
plants and animals with desired properties. Before too long this
technology will find application in agriculture, animal husbandry,
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medicine, mining, environmental control, water purification, ag-
ing research, botany, and control of chemical processes by pro-
viding a new means of catalysis.

Nutrition is a kind of a black art today, but improved epi-
demiological analysis may help identify the health consequences
of various diets and environments. We are on the frontier of
making nutrition a science by finding out how various things we
eat and do influence health, disease and vigor.

Biomedicine is likely to undergo significant improvements in
the years immediately ahead. Life expectancy at middle age will
begin a dramatic climb. Vigor in middle age and early old age
will improve. This will have important consequences for retire-
ment and the nature of work.

The psychology revolution, which will add to our understand-
ing of how the mind functions, how thought is stored and
recalled.

Agricultural technologies, including those which will add to
growing areas of the world, increase productivity, provide new
sources of protein, or improve the quantity of nutritious food
which is finally delivered.

Communications and information technologies that make prac-
tical the storage and retrieval of large amounts of data almost
instantly at trivial cost, present essentially any program to small
audiences with great flexibility, and increase the potential for
direct education.

This list is obviously incomplete and in retrospect we will find
other technologies which have had even greater impact on the world
scene two decades hence. Yet, even with these omissions, the tech-
nological opportunities on which enterprise can build seem profound
indeed.

How then might enterprise, sensitive and intelligent, be revived!
Certainly the proposals directed toward stimulating innovation and
productivity will help, but beyond these, hard, bold and important
action requires fundamental changes. Here are some ideas:

We have lost the belief, or the courage to enforce the belief,
that good performance should bring rewards and bad perform-
ance should not be rewarded. Corporate incentives should be
linked to the achievement of societal goals. We do this ad hoc now:
there was, for example, a jobs tax rebate to help lower
unemployment.

Wages should be linked to productivity and profits. With wages
linked to productivity and profits, enterprise is carried to the
level of the individual. Inflationary pressures subside, competitive
stance improves. With these first two ideas in place, the invisible
hand writes not to suboptimize individual or corporate gain, but
to accomplish higher ends.

We have fooled ourselves with inadequate measures of produc-
tivity. Clearly, new measurement systems are in order that are
quality oriented-that recognize our movement toward services-
that measure problem severity or goal proximity.

We should track the consequences of our poliices. It is not
enough to debate policies before the fact; it is essential to track
and evaluate the results after implementation.
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But what goals are appropriate? How can diverse interests be bal-
anced? How can public views be generated and more effectively in-
jected into the decision process? National goal efforts, after all, have
een notoriously unsuccessful. Where is it that we want to go? Know-

ing this, most else can follow. Harland Cleveland said, "Planning can-
not be detailed regulation by Federal agencies-planning will be
improvisation by each of us on an agreed sense of direction." The
revival of enterprise needs that sense of direction. We need planning
that identifies issues and ties rewards to their solution.

Some national programs have galvanized action; the most inspired
of these have organized national purpose, captured imaginations, and
harnessed enterprise; for example, the Apollo program. other national
programs have been no more than weak slogans, seen as ineffective
by both cynics and sup~porters; for example, The Great Society. The
differences between these involve clarity of purpose, perceptions about
need and self-interest in the program, and the charisma of the pro-
gram's champion. The United States needs new effective programs in
energy, agriculture, ocean utilization, and urban redevelopment.
Properly framed, these can stimulate enterprise in the interests of
society.

Enterprise is like a giant engine, idling now, but capable of great
energy. oWe should point it at our problems and turn it on again, if
we can.
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1. WHAT Is IMBEDDED TECHNOLOGY AND How DOEs IT RELATE TO HE

OVERALL R. & D./INNovATIoN (R. & D./I) PROCESS IN THE PRIVATE
SECTOR?

1.1 Introduction and Some Definitiwns'

In most discussions of technology transfer, the innovation process,
productivity, and other tecnhology-related subjects, there is generally
an area of uncertainty and concern which revolves around the issue
of "the secret of success" or the "reasons for failure." Comparisons
among countries, industries, sectors, and individual firms involve at-
tempts to identify and explain these "secret ingredients" of technologi-
cal superiority or lag. C:ertainly, differences in level of Research and
Development (R. & D.) or Science and Technology (S. & T.), roughly
equivalent terms, are used to account for some of the differences among
the most advanced countries (industries, firms, sectors) and those least

advanced.
The problem is that the usual indicators of R. & D. or S. & T.

depend heavily on numbers such as expenditures on R. & D., numbers
of engineers and scientists, and the size of laboratories. Such numbers
do not explain enough of the differences in technological capabilities
and performance to provide guidance for policymakers.

There are also contradictions. Some countries, industries, sectors,
individual firms, and major parts of firms (e.g., operating divisions)
appear to be spending a reasonable sum on R&D and appear to be em-
ploying adequate numbers of scientists and engineers (in some cases
excessive numbers, according to critics.) Despite this, however, entities
with smaller R. & D. budgets and smaller numbers of people appear
to be more capable of "getting products out the door," achieving tech-
nological innovation, producing high quality and reliable products and
services, and performing other technologically related activities in a
superior manner.

Many of the discussions mentioned above, at conferences, in class-
rooms, in board meetings, in the press, and in common parlance, refer
to other factors and not to R&D or S&T. Among these other factors
is one which has been kicking around under various labels since well
before the days when "Yankee ingenuity" was recognized as a force
in world trade and the development of this country. Although there
are many terms used for this phenomenon I have chosen the term

IThis paper was not intended as a literature review and hence no thorough search of
the literature on this subject was conducted. Included in sec. 7, however, are references
selected from the hundreds of articles and reports related to the general area of Imbedded
technologv. References in the text typically refer not to this external literature hut to
our own POMRAD and IASTA research and consulting reports related to IT, to provide the
Interested reader with the opportunity to follow up for more detail and background on
some of the points made.
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"imbedded technology" (IT) as a convenient hook on which to hang
the ideas in this paper. I make no attempt at an elegant or rigorous
definition here and am not sure that one is feasible or that one would
satisfy all interested parties. Imbedded Technology, as I am using
the term, involves several concepts, very loosely defined:

(a) Specific knowledge which is: (1) embodied in materials, prod-
ucts, processes, procedures, and systems; and (2) accrued or appeared
in a gradual, non-breakthrough manner.

(b) Ideas for or knowledge of how to make improvements in mate-
rials, products, processes, procedures and systems which may not have
been specifically incorporated, but which may be available "on the
shelf."

(c) The variety of individual technical skills which are not readily
classified or even described, but which involve accumulated experi-
ence on how to do things, and what works and what doesn't work.

(d) The aggregate clusters of individual skills which make up
organizational capability-a first rate design group, a savvy start-up
crew, a clever and innovative methods department.

Many other terms have also been used to describe the range of phe-
nomena included in this broad definition (Hahn, and Doscher, 1977):

Technological infrastructure.
Systemic technology.
Technological diffusion.
Miorotechnology transfers.
Evolving technology.

In some sense, imbedded technology (IT) is a residual when the
formal R. & D. components of the overall R. & D./Innovation process
are removed. One test for "stand alone" IT is the appearance of inno-
vation and technological capability in the absence formal R. & D. or
S&T institutions and roles. Examples of manufacturing-related IT's
are given below, in section 3.2.

The main purposes of this paper are to contribute some insight into
the phenomenon of IT, to describe its role in the overall R. & D./In-
novation process, to suggest some means of better identifying and
measuring it, and to discuss some public policy implications of IT.

1.2 A Flow Model of the R. & D./Innovation Process and the Role of
IT in R.&D./Jnnovation

In a previous paper for the Joint Economic Committee (Ruben-
stein, 76/1),2 T presented an abbreviated flow model of the R. & D./
Innovation process which we have been using for several years as a
framework for our attempts to identify and develop indicators for out-
puts of the various stages of the R. & D./Innovation process (Ruben-
stein and Geisler, 78/54). To date, we have used this in several studies
in the United States and Brazil in a number of sectors, including:
the environment, industry, small business, health care, transportation,
energy, materials and agriculture. Figure 1 is an expanded version of
the original flow diagram of the earlier paper.

In addition to attempting to identify and formulate indicators for
the outputs of each stage of the flow process (boxes 2, 3, 4, and 5 in

2 Document numbers of POMRAD, see see. 7.
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fig. 1), we have also been concentrating on the various barriers and
facilitators at each stage of the R. & D./Innovation process (boxes
A, B, C, and D) and have, in this diagram, collected them into the long
box at the bottom of the figure. In several of the studies, we have de-
veloped specific lists of barriers and facilitators for each stage and
for each specific sector or field of technology being investigated. This
work on "R. & D./Innovation Indicators" is still in an early stage and
much remains to be done before useful and credible integrated indica-
tors are available for specific fields ahd technologies.

Imbedded Technology (IT), according to the definitions in section
1.1, plays an important role in the transitions between each pair of
adjacent stages and in the overall R. & D./Innovation process. For
example. box B is, to some extent, an "IT stage" of the R. & D./I
process. It involves many of the design, engineering, and production
innovations which are added on to or used to replace the original
product or process features and specifications that emerge from the
"upstream" or R&D stages of the overall process. Many specifications
and features turn out to be non-feasible, non-economic, unsafe, too
time-consuming, difficult to maintain, difficult to operate, and un-
marketable. At this point I do not wish to join the attack, which
comes from some quarters, on the impracticability of much work done
by scientists and engineers in or for industry. My theme is that science
and formal engineering alone are far from sufficient to turn out use-
ful products, services, and processes. For this reason (and in many
cases, out of time sequence), the IT infrastructure has been developed
and is maintained. Examples of the kinds of skills and activities cov-
ered by IT include tool and die making, computer programming, and
methods and standards. Additional examples are given in section 3,
below. In this section, I am concerned with the ubiquitous role of IT
and all it implies at every stage of the R. & D./Innovation process,
from the making of a drawing or model to the tricks of the trade in
adapting a product or process to the specific needs and barriers of the
social subsystem (box 5 in fig. 1) or market for which it is intended.

1.3 Relation of IT to Institution Building, Capability Development.
and Productive Infrastructure

Three examples from three quite different situations are given to
illustrate the impact of IT on a wide range of technological situa-
tions: New high-technology small companies in the U.S., research in-
stitutes in developing countries (LDC's) and large multi-national
companies (MNC's). All these situational examples are composites
from research and consulting experience on all phases of the R. & D./
Innovation process over the past 25 years. All three reflect the attention
to the IT components of institution building and capability develop-
ment for R. & D./I, often overlooked by policymakers, financiers, and
non-technical management people.

(a) New, high-technology firms grew like mushrooms and like
topsy on both coasts of the U.S. and at several isolated inland loca-
tions in the U.S. after WW II. Most of them, in the early post-war
days, arose from university or government laboratories and repre-
sented applications or continuation of the science and technology
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(S&T) that their founders had been conducting under the umbrella
of the lab or university. As long as companies continued their "studies
and prototype development, contract R. & D., and made "one of a
kind" highly specialized and complex instruments and equipment,
they performed well (although few made profits early on, let alone,
paid dividends).

When, however, they branched out into commercial products or
processes and attempted to go into quantity production under cost and
time constraints, many of them came to a grinding halt or went
through formidable gyrations and changes in organization, personnel,
financing, and ownership.

Much of what was lacking was a sufficient level and quality of IT.
In the simplest view, most of these technical entrepreneurs and their
friends who also came from non-commercial environments, were lack-
ing in most skills required to put out a competitive, practical product.
The most serious shortcoming for many of them was complete lack of
training in, experience with, or understanding of the production proc-
ess and many special functions that are involved in producing a
technology-based product or process. In the late 1970s, with many of
the lessons about production technology learned by their entre-
preneurial "ancestors," many of today's founders of such firms still
do not have the requisite skills and knowledge to manufacture prop-
erly and many of them still do not recognize this gap.

I have been personally affected by this situation for the past two
decades as a director of a Small Business Investment Company and,
for many years, a prime advocate on the Board of high-technology
"start-ups." Although there are notable exceptions, the typical high
technology start-up company which spins off from a university or
government lab is almost completely lacking in the range of indi-
vidual skills and company capabilities (IT), unless they are fortu-
nate or foresighted enough to have included some partners or em-
ployees with previous industrial manufacturing and engineering
experience. One of the consequences of this gap in company capabili-
ties is the offsetting in the marketplace, both domestic and interna-
tional, of the highly innovative nature of their products (the raison
d'etre of such companies) by high costs, long delays in production,
and product features which often fail in service or in the marketplace
due to lack of certain ITs. In addition to lack of basic IT capability,
many of these new high technology firms suffer from the common
weaknesses of many new and small businesses-inadequate marketing,
financing, and general management skills (Rubenstein, 58/1).

Several programs of the National Science Foundation (NSF, 1976)
and other agencies have recently been directed toward this category
of small high technology firms and it is possible that remedies for
some of their IT deficiencies are forthcoming. One danger is that the
typical partner arranged bv matchmaker Federal agencies is a uni-
versity group which often lacks the same IT capabilities as the firm
seeking help.

(b) Research institutes (RI's) in developing countries (L)(C's)
play a unique role. Many of them are the onlv relatively sophisticated
source of technology for industry or other sectors. They can (although
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not always successfully) serve their clients as "windows to the tech-
nological world," providers of technical assistance, and sources of
scientific and technical information. The common problem, however,
is that many of these RIs (the majority in some views) are no better
off in terms of the range of capabilities needed for industrial innova-
tion and production than the new high technology firms discussed
above. Their personnel typically come (with a few notable exceptions)
directly from university or government science departments, labora-
tories, or bureaus. The exceptions are those few whose top management
and senior personnel are deliberately recruited from industry to head
the RI or which, in entrepreneurial fashion, are established by experi-
enced industrial people.

Our work with dozens of such RIs in Asia, Africa, Latin America
and elsewhere (Jedlicka, et al., 75/7) suggests that most of them do
not have the depth of experience or understanding of the range of
TTs needed for effective product and process development along the
entire R. & D./Innovation chain. Therefore, the advice they provide
their clients is often amateurish with respect to modern techniques
in engineering, tooling, procurement, marketing, and production
methods and, eventually, if not sooner, industry turns away from
them and seeks help elsewhere or does without.

There are many reasons for this mismatch between RI and client
needs, in addition to the university bias of its personnel, and they have
been discussed in countless conferences and surveys. It is not clear that
international organizations which originally set up most of the research
institutes (RIs) or that national agencies (ministries, departments,
bureaus) which are responsible for operating them recognize even
today the important role that IT capabilities play in the RI-industry
relationship. It is also unclear whether they are doing much to remedy
the situation.

One approach we have been pursuing to contribute to improving
the situation is to recommend broadening and deepening the scope of
activities of such R.Is to go beyond the typical "doing of projects"
and "providing of technical information" into a fuller partnership
between RI and client along the entire R. & D./Innovation process
rather than merely at the "front end" or R. & D. part of the spectrum
(Rubenstein, 75/109, 76/50).

The role of the RI has tremendous potential impact on helping to
build the productive infrastructure of individual companies, indus-
tries, and the economy of an LTDC as a whole. This is particularly
important in LDCs. since the typical company is very small or tiny
by U.S., European. or Japanese standards and often does not have
P. single college graduate or person with deep and broad experience to
do the range of activities included under IT, let alone have formal
multi-person R. & D., or engineering departments.

The RI, in theory, can assist in providing the IT help needed by
many such firms and help them build in-house capabilities for the
range of ITs needed. This can be done with the cooperation of the
emerging industry association and other technical assistance bureaus
in some LIDCs. Unless most of the RTs remedy their own lack of IT
capabilities. however, they can be of little use to their clients.
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(c) Large multinational companies (MNCs) provide the model for
the full range of IT capabilities needed for modern innovation and
production. Even here, however, some problems appear. When the
outer skin of a huge diversified MNC is peeled away, we often find a
collection of relatively small companies or operations which, accord-
ing to "decentralization" doctrine, are expected to operate in a fairly
autonomous manner except for financing and some general corporate-
wide policies. In many of the top 100 U.S. corporations, mergers and
acquisitions of autonomous companies created the operating units.
The apparent synergism between units that should provide for skill
and capability exchange at the level of innovation and production is
not very effective. That is, within the large corporate framework,
many smaller divisions are lacking at an acceptable level some of the
basic IT capabilities and others have a surplus. We 3 have been acutely
conscious of this in our small business investment (SBIC) activities
in recent years, as we have concentrated on "buy outs" of divisions
and operations of large diversified companies (several dozen over the
past decade), finding many of these units, when stripped of corporate
staff support, sadly lacking in basic elements of IT when they are set
up as independent small businesses with their former managers becom-
ing the new owner/managers. This situation is a far cry from the new
high-technology companies discussed in (a), where most of the per-
sonnel are relatively inexperienced in industry. In the case of the
"buy out" that leads to a new "stand alone" company, the management
and other personnel are quite experienced (we would not back them in
a new venture if they were not) but frequently they can no longer
afford the luxury of specialized IT capabilities which they formerly
obtained "free" (as part of the overhead they paid to corporate staff)
or paid for on a pro-rated basis.

Few of these small new companies can afford the highly specialized
people in quality control, operations research/management science,
market research, law, corporate finance, logistics and transportation,
data processing and other special capabilities they enjoyed when the
organizations were part of a large corporation. In instances where the
parent corporation displayed the extremes of decentralization and
autonomy-allowing the division manager the option of "buying"
such specialist services-many of them declined and did without or
used fewer highly specialized people to perform the needed functions.

A relatively new problem in relation to IT in MNCs has emerged
recently, although symptoms have been observed for many years.
This is the steady loss, through retirement and lack of renewal, of
many of the skills that make up the range of IT capabilities in a
manufacturing firm. This was brought home to me abruptly a few
months ago, when one of my clients-a top 100 company-offered
early retirement (55 years old and up) with a benefits package that
many people felt they could not refuse. The resulting exodus of highly
specialized manufacturing and engineering people (both inside
and outside formal R. & D.) was a profound shock and has left a

IMembers of the Board of Directors and Management of Narragansett Capital Corpora-
tion. currentIv the largest of the publicly held Small Business Investment Cowpanies
(SB IC's of whilch the aithor Is a director. Narragansett'q investment strategy is (le-
scrihe'l in "How i'm Deconglomeratinc the Conelomerttes" by Royal Little. founder
and former chairman of Narragansett In "Fortune." July 16. 1979.
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number of critical holes in the range of ITs in several operating
divisions and corporate staffs. A rationale might be that it gives
younger people the opportunity to advance, and this is true; but it is
also true that for many of these early retirees (as well as "on schedule"
retirees), the company had not trained or recruited sufficient talent
to back them up and replace them.

These three disparate examples illtstrate the widespread nature of
the IT phenomenon and the different circumstances under which lack
of adequate IT capabilities can occur or persist. All three relate to the
constant institution- and capability-building required to develop and
maintain a productive infrastructure to back up the R. & D./Innova-
tion efforts of a company, an industry, a sector, or a country.

2. WHY IS IMBEDDED TECHNOLOGY IMPORTANT TO THE U.S. ECONOMY?

2.1 IT i8 a Neces8ary Condition. for Succes8ful Technological
Irnovation

"Imbedded", "non-obvious", "infrastructure", "know-how" tech-
nology is a dominant factor in the U.S. past and current position of
technological and commercial leadership in many fields. It repre-
sents skills, knowledge, people, and organizational capabilities which
support industrial innovation.

This is not to say that formal Research and Development (R. & D.)
has not been and will not continue to be a major factor in this success
and that published and patented technology are not critical to our
leadership position. IT does, however, constitute a necessary condition
for this leadership position and without it the economy would be
unable to fulfill the potential provided by R&D results, including
patents.

As indicated in the first section, the complete innovation process
involves the application of the capabilities included in IT at all
stages of R&D/I. The arts involved in actually designing and pro-
ducing a product predicted by theory or getting a new, patented
process to work efficiently and economically are generally not trans-
mitted through textbook instruction or formal algorithms and
paradigms. These are learned behaviors which can be transmitted by
various means but which require time, personal interaction. and much
trial and error.

And herein lies the essence of IT's role in the innovation process.
For example in the coming shake-out in the computer peripheral and
softwear field, dozens and even hundreds of "marginal" operators
will fail, due in part to lack of essential IT skills, if the growth pat-
terns of many other markets for new technologies apply in this case.

For another example, we have recently done a "fish or cut bait" study
for one of the hundreds of firms which have plunged into the water
treatment market with new devices, systems, materials, and services.
Few have made any money and the vast majority will fail or abandon
that line of business over the next few years. The failures will not
all or even largely be due to lack of clever technology and R. & D.-based
ideas for 1Iretiting water. The failures will come from an inability to
produce :mdI deliver ideas and teelhnology in a temporal-economic
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mode that the market will accept. Clever means of removing pollutants
from water, based on good physics, chemistry, and biology (which
many of the current products and services in this market incorporate)
do not make a sustainable business if the embodiment of these clever
technology ideas is in poorly designed, tooled, engineered, and pro-
duced products and services that fail in the factory, the account books,
the marketplace, or the user's plant. The specific case investigated was
overloaded with R. & D. talent and very short indeed of people who
embodied necessary IT skills and capabilities.

Although people from particular economic schools may view such
shake-outs as merely one of the necessary side effects of a free market
system, they involve tremendous wastes and misapplications of scarce
resources-people, time, money, materials, and energy (both physical
and psychic). Such losses should be segregated in the national accounts
as "losses due to innovation" or, perhaps, "losses due to inadequate
innovation capabilities."

In some of our studies of adoption of new technology by U.S. indus-
try (let alone studies of technology adoption by LDC's) the lack of
adequate IT related to installing, adapting, using, maintaining, and
improving capital equipment has been brought home countless times.
For example, the delivery to a user of a new numerically controlled
machine tool, which is thought of by some analysts as the culmination
of the innovation process, is actually only another process stage in
getting a new concept and technology from the R. & D. or engineering
laboratory into routine use. Our detailed, "micro-dynamic" studies of
such introductions into users' plants (Ettlie and Rubenstein, 78/65)
clearly illustrate the role of IT in integrating the new equipment or
technology into the techno-economic-social matrix of production in
the user firm and the many barriers that must be overcome.

2.2 IT's Crucial Role in the Innovation Process Has Not Been
Adequately Recognized by Top Managers and Policymakers

The main point in the previous subsection is that R. & D. alone is
not sufflcient for producing innovations and assuring their application
or implementation. The many other factors under the heading of IT
(see section 1.1) are necessary to each stage of the overall process.
If there were a choice between support only for R. & D. or IT, a good
argument could be made that an adequate range of ITs without much
formal R. & D. could keep us going more effectively in the short (and
perhaps intermediate) run than increased R. & D. without broad
and deep IT capabilities. In the longer run, of course. our technological
barrel, from which many ITs are refilled continually, would empty;
without a vigorous and adequate level of R. & D. our productive and
competitive systems would eventually fail.

This short run-long run threshold varies greatly among industries
and sectors. In military and electronic technology the cross-over point
may occur (and frequently does) in months, while in others the rate
of significant technological change is so slow that a company, industry,
or country can coast for decades on applications of old technology
through clever use of IT.

The main point in this sub-section is that many top managers in
government and industry and policymakers in all sectors do not recog-
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nize this situation or, if they recognize it in abstract, do not feel that
they can or should do much about it. It is relatively easy to decide to
set up or dismantle R. & D. programs, laboratories, or projects because
they are so distinct and visible. The response and recovery time lags in
making these changes have their own penalties, but at least decision-
makers feel that they can manipulated the organizations, projects, and
budgets representing formal R. & D. programs. They are much less
comfortable with the nebulous, uiquitous and sometimes arcane entities
which embody IT. How many economists, political scientists, legisla-
tors, lawyers, or bankers without direct "hands-on" experience in the
factory have any feeling for what is involved in developing capabilities
in such apparently mundane fields as: welding, forging, quality con-
trol, patternmaking, coating, lubrication, and heat treatment.

Except through literature and other art forms which depict the
apprenticeship process and the years it takes to train a craftsperson,
few nonmanufacturing or engineering decisionmakers know of the
tremendous investment U.S. (and all other) industry has in such
people and how long it takes to build teams needed to provide the
necessary IT parts of the innovation process, as well as the routine
production process. These non-glamorous areas receive little top man-
agement attention and virtually none from public policymakers except
when a brief flurry of concern is expressed for a specific industry sector
which is threatened by foreign competition.

At the point when such flurries occur, it is often too late to do much
about the technological base of the industry, which may have eroded
both at the upstream (R. & D.) end of the innovation process as well
as the many impact points for IT all along the chain. As a strong
advocate for decades of the need to maintain and strengthen our
formal R. & D. capabilities, I cannot take the position that IT capabil-
ities should be developed, maintained, and expanded at the expense
of R. & D. However, I have been concerned, however, that too much
attention of policymakers and top managers has been focussed on the
glamorous "front end" of the R. & D./Innovation process and that a
proper balance needs to be achieved to protect our overall innovative
capabilities. This imbalance is starkly illustrated by the situation in
a multi-billion dollar U.S. manufacturing company where only one
member of corporate top management had any appreciation of the
fact that the company's productivity and economic base was being
eroded over a period of years by neglect of manufacturing capabilities,
facilities, and equipment. Finally, he was able to convince a new chief
executive officer of the need for emergency injection of capital funds
in this direction, after it became clear that the company was losing its
market position and profit margins through neglect of IT and its
manifestations in equipment, facilities, and human resources.

2.3 Effective IT Can Make a Crucial Difference in U.S. Ability To
Compete in Roth Domestic and International Markets

The ITnited States still maintains a technological and commercial
lead in manv high technology markets such as aircraft, computers,
miilitary hardware, and some scientific instruments. It has been losing
(ground in other product lines and markets where high science or
"breakthrou-gh" technology is not common. however, and where prod-
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uct features and price dominate market share. In this latter case,
clever design, human engineering, low cost manufacturing methods
and tooling, easy maintainability, reliability, serviceability, and other
"non-scientific" aspects of a product influence success in the interna-
tional competitive market. Because some Japanese products have fea-
tures not matched by any U.S. products, and in spite of higher prices,
Americans buy many high-technology products from Japan. Few of
these features appear to be the product of high level R. & D., but
appear to have the advantages which come from competent engineer-
ing and design, after the formal R. & D. on the product has been done.

Despite their preferences for U.S. made production equipment,
many U.S. manufacturers are turning increasing]y to foreign original
equipment makers (OEMs) to buy machinery that may not have a
significant price advantage, but which has features and delivery times
that they need. Further, some of the purchasers feel that they can
depend more on follow-up service, warranty, and spare parts from
some foreign QEMs, despite the geographical distances, than they
can from some domestic producers.

International technological competitiveness has been a major issue
between the United States and other countries for some time, swing-
ing between the extremes of "technological gap", "technological im-
perialism by U.S.-based MNCs", to "export of jobs" and the "Japa-
nese or Asian menace" to many of our basic industries. I have no in-
tention of offering a single factor explanation of the deteriorating
competitive position of many U.S. products in the world market (in-
cluding our own domestic market, where U.S. and foreign products
meet head to head), let alone attribute specific or general declines in
our competitive position to superior IT capabilities of our competitors.
It is quite possible that erosion of some of our non-R. & D. technologi-
cal capabilities are contributing to this situation, however.

One clue to this economic threat to the United States is the situation
we find in our work in some of the LDCs where U.S. MNCs have
subsidiaries or branches. Although the U.S. system of "technology
transfer" has developed to a high degree and although product and
process standardization are almost a religion, many of these stand-
ards-both in ways of doing things and the resulting products
deviate significantly from the States-side equivalents. This can be
largely attributed to the lack of certain IT capabilities in the LDC
plants and, by inference, to the lack of sufficient depth in those par-
ticular capabilities in the parent organization to provide assistance
to the remote plants.

We have even observed the difficulty of transferring certain IT
skills internally between domestic operating divisions or between cor-
porate engineering/manufacturing staffs and operating divisions or
plants. This is easily understood, once we get beyond the textbook or
polemic definitions of technology transfer and begin to understand
the tedious, time-consuming, nitty gritty aspects of actually trans-
ferring the skills needed to transfer technology from one place, group,
company or country to another, and the compounding of the transfer
problems by cultural, social, and psychological factors. Our work in
international technology transfer, for example, has yielded many
lists of barriers to what sometimes appear to be simple transactions
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which both parties to a technology transfer agreement appear to want
to consummate.

Such barriers were identified at the meeting of the United Nations
Economic Commission for Europe in Geneva, July 1975, whose topic
was "The Management of the Transfer of Technology within Indus-
trial Co-operation." An abstract of these issues from papers and dis-
cussions presented by representatives of a dozen U.S. corporations
and their West and East European counterparts (Rubenstein 1976)
shows these potential barriers:

1. Cultural differences among sources and recipient countries.
2. Appropriateness to recipient of technology proposed for transfer.
3. Local conditions and recipient characteristics affecting produc-

tivity.
4. Extent of training associated with the transfer.
5. People-dependent nature of technology transfer.
6. Transfer depends on recipient's technical competence.
7. Differences between source and recipient in standards, components

and materials.
8. Need to study thoroughly partner's technology and methods of

operation.
9. Preference of many Western companies for limited agreements.
10. Is pricing to be based on cost or value?
11. Selling products versus selling technology.
12. Differing concepts of profit.
13. Role of capital costs in the transfer.
14. Need for mutual benefits to both partners.
15. Buy back and barter versus cash payments.
16. Protection of source's R. & D. investment over a long period.
17. Role of intermediate organizations such as agents and trading

companies.
18. Absence of common commercial traditions.
19. Theory versus practice in technology transfer.
20. Transfer is more complex than just licensing.
21. Unbundling of software from hardware.
22. Start-up technology is needed and often not written down. and is

peoDle-deDendent.
23. Ability of recipient to shop around for alternative source com-

panies.
24. Means of payment for technology.
25. Rialhts of recipient to re-license third parties.
26. Differences in internal structure of source and recipient countries

(organizational, political, and economic).

3. SOME EXAMPLES OF IMBEDDED TECHNOLOGY (IT)

3.1 Supportinq Jnfrastru6ctre for R. & D.

One traditional sipportin-a technoloav in the "wet processes" (chem-
istrv. biologrv) is often listed as glass blowing. In the mechanical in-
dustries. model making or drawing (creative drawing, that is, rather
than mere drafting and detailing) are key ITs. In electronics, basic
supporting ITs var., but breadboarding, maskmaking, wiring, in-
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strument modification, have played prominent roles. Of course, some
of these and many other ITs have been made obsolete (at least theo-
retically and for the future) by machines that perform many of the
tasks that skilled artisans and technicians performed traditionally
and by computer systems that can "outdraw" and "outvisualize"-
when supported by holography-the artists that often went under the
unromantic job titles of draftsmen.

Such IT capabilities in the R. & D. process are only part of the
story, however, and too much focusing on them can distract attention
from the many other not-so-obvious skills and capabilities that are
often shared by "professionals" (university graduates or, in some in-
dustries, advanced degree people) and technicians. Some examples in-
clude crystal growing, cryogenics, heat treating, welding, making bio-
logical cultures quickly and "cleanly", and removing as much of the
"noise" as possible from the pictures achieved through electron micros-
copy by almost fanatic maintenance and cleanliness of the equip-
ment.

In some labs in some companies in some industries, the work of
technicians in performing some of the tasks implied by these IT spe-
cialties and the products of these ITs are considered more important
for the day-to-day maintenance of the products and processes for which
R. & D. is responsible than academic theories or scientific experimenta-
tion.

This does not imply that all functions that are performed by tech-
nicians (e.g., animal care, cleaning up experimental equipment, taking
routine data) are to be included in the concept of IT and focused on
as critical to our innovative capabilities as a Nation (although some
people might take that position). Many of the technical chores per-
formed in our R. & D. laboratories, which are performed by techni-
cians, are not the product of university education, are not found in
the scientific and technical literature, and are in danger of costing us
dearly as the number and quality of skilled practitioners decline. The
dropping of a lot of the traditional laboratory "arts" from science and
engineering curricula over the past two to three decades suggests that
their importance may not be recognized by the academic community
and the failure to train adequate numbers and levels of people to per-
form them in industry suggests that their importance may not be rec-
ognized by many of the managers of organizations that do R. & D.

There are two particular ITs which represent a wide range of
knowledge, skills, capabilities, and behavioral implications. One is a
single action done by a single engineer engaged in development of an
engine. This example was suggested by an incident encountered re-
cently in a company developing engines where a manager asked one
of the engineers "did you torque the engine", and received a blank
start. The situation involved a fine art which required a "feeling" for
the amount of torque placed on the engine in adjusting it and about
which no manual could be written to communicate that feel. Perhaps a
parallel is the "learn by doing" technique used in medical school when
the preceptor tries to teach the medical student how to listen to a
heartbeat.

The other example is at a downstream phase of the R. & D. process
and involves "start up" know-how. also involving a whole series of
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"feelings" and "judgments" as to whether things are "going right" or
are likely to fail or explode. Although this is often looked upon as
part of the manufacturing responsibility, it is a necessary part of suc-
cessful innovation for new processes and the products they are intended
to produce. Many projects (products or processes) which are consid-
ered successful by R. & D. fail miserably in the start-up phase through
unexpected costs, delays, material wastage, equipment breakdowns,
extended learning time for operators, below quality production, and
other undesirable effects. Some of these problems and failures may
be due to poor original design. Others are due to specific mistakes by
start-up people (typically engineers, supported by manufacturing
people or vice versa). Still others are due to lack of experience with or
attention to the specific characteristics of the new product or process
being started up.

3.2 Manufactwring Technology

Probably, if a "complete" list of important ITs were compiled
which might make a major difference in our national productivity,
costs, product quality, international technological competitiveness,
and other factors, those related to manufacturing might dominate the
list. When we focus on factors contributing to the ultimate success of
technological innovations, such ITs in manufacturing might also
figure prominently.

A number of manufacturing ITs related to the "downstream"
phases of the overall R. & D./Innovation process has been mentioned
in earlier sections of this paper and will be mentioned in following
ones. Again, without attempting an enumeration or a taxonomy, here
are some examples which appear important in the downstream parts
of R. & D./I that involve manufacturing.

Automation.
Coating.
Computer-aided manufactur-

ing.
Control systems.
Corrosion.
Cost control.
Design review.
Forging.
Foundry techniques.
Heat treating.
Heating and ventilating.
Inventory control.
Lubrication
Machine design.
Materials handling.
Materials management.
Metrology.
Nondestructive testing.
Packaging.
Plant construction.
Plastic molding.
Pollution control.
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Quality control.
Reliability.
Robotics,
Standards development.
Tool and die making,
Welding.

Some of these IT's are imbedded in the experience or skills of one
individual in many plants and companies. Others are represented by a
formal group or an informal aggregation of individual skills into an
organizational capability. Some of them are embodied in college
graduates, such as scientists (rare, except in some fields) as engineers
who work in individual plants or corporate manufacturing staffs.
And still others, perhaps the majority, involve technicians (non-
graduates) either working alone or supporting engineers or scientists.

One situation that is not uncommon in R. & D.-performing com-
panies, is that the particular individuals or small groups which embody
these kinds of IT's are the subject of intense competition among indi-
vidual plants, R. & D., and other corporate staffs. A recent shift of a
half a dozen control metallurgists from corporate R. & D. to plant
engineering in a local company left R. & D. short of such talent and
did not fully satisfy either the needs of the plants who received them
(because the former R. & D. metallurgists were not considered prac-
tical and experienced) or the individuals themselves (because of their
removal from their preferred career paths and the low level of use
the plant managers made of their technical talents).

3.3 OtherIT

There are many other skills, capabilities, and bits of know-how that
contribute to successful innovation in the industrial firm. Some of them
can thardly be called "technological" in the sense that they are based
upon science or "hard" technology. They are as essential to success
in innovation as many of the IT's mentioned under R. & D. and manu-
facturing, however. Some of them, in fact, are management functions
which, when 'associated with the R. & D./Innovation process, can be-
come highly specialized.

Among this set of ITs, procurement/acquisition (terminology varies
in the field) and contract administration loom large for many pro-
grams and projects. Getting the right materials from the right sources
at the right price and time and according to requirements can make
the difference between successful and unsuccessful innovation. This is
particularly true where value added is a small percentage of total
product cost and most of the cost represents purchased materials, com-
ponents, equipment, and services. The not infrequent conflict between
R. & D. and purchasing people can be quite destructive of the time,
cost, or quality performance on a project for an innovative product.
Therefore, many organizations pay particular attention to recruiting,
training, and maintaining an effective procurement staff specializing
in support of R. & D./Innovation. Contract administration and all
that it implies for meeting cost and schedule targets is also a key ele-
ment in successful innovation. In some contexts, contract administra-
tion either includes or ties into project management and related func-
tions.
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Although tihe formal, legal aspects of patent management (writing
up, searching, filing, appealing, litigation, and licensing) are often
handled by legal staff at least in large companies, there are other ele-
ments of patent management which are more subtle and which might
fall into the category of IT. These have to do with the intuitive,
experienced-based aspects of patent management, such as searching
for patentable items, knowing how to encourage people to disclose and
file and follow up, sorting out the wheat from the chaff, and other in-
tangibles that are hard to codify and teach in law school.

Although some of these management skills appear to stretch the
"technological" connotation of "imbedded technology," they figure
prominently in the actual transfer of technology among countries and
companies and even within companies. For example, while this section
was being written, a group of us engaged in a series of field experi-
ments on "key communicators in R. & D.," visited one of our field
sites to discuss experimental treatments for one aspect of their R. & D./
Innovation process-the licensing or sale of technology. This very
large company had compiled a list of approximately 100 items of
know-how, process technology, and other items which were not proprie-
tary mainstream products and management had been exploring the
possibility of selling, licensing, or otherwise making money on some
of this technology. When their explorations yielded the fact that most
of the potentially profitable technology exchanges would require sub-
stantial involvement of their own people, including managers, for ex-
tended periods, they decided to shelve the whole idea.

Few transfers of technology beyond simple provisions of new parts
or equipment embodying changes can be completed by "mail" or by
"arms length" exchanges. They generally require "hands on" instruc-
tion and cooperation in installation, start up, breaking in, adapting,
improving training for use and maintenance, and going through the
other activities that are required for effective and "full" transfer of
technology. Given this situation, many of the "softer" ITs play promi-
nent roles in the transfer aspects of the overall R. & D./Innovation
process, whether within a given company or across companies and
national boundaries.

4. WHAT INDICATORS CAN BE ITSED To MEASURE AND MONITOR
IMBEDDFD TECHNOLOGY (IT) ?

4.1 Introduction

For several years a small group of colleagues and I have been
exploring the possibilities and problems of identifying and using
indicators for monitoring and evaluating the many stages of the
overall R. & D./Innovation process, guided by the general flow model
of figure 1, which is described in section 1.2. As indicated in that
section, we have used this to locate and identify barriers and facili-
tators to the R&D/I process at various stages as it progresses from
laboratory to application. (Note: Although the "usual" flow of events
for a new or significantly improved product or process generally in-
volves the sequence of activities depicted in the model-R. & D., trans-
formations, implementation-many pieces of technology do not orig--
inate in formal R. & D. programs or laboratories and many of them
involve later starting points and cycling back through R. & D. at

56-367 0 - 8i - 26
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later stages of development when technical problems arise that
"downstream inventors' cannot resolve without formal R. & D.
inputs.)

In our work on R. & D./I indicators, particular attention has been
paid to mainstream variables and entities involved in the flow of a
project or program. In the course of these explorations, however, we
have encountered many potential indicators and measures for the less
obvious aspects of the R. & D./I process which come under the heading
of IT. As an illustration of this "spin-off" of our indicators work,
figure 2, presents some examples from a recent study of indicators for
small business R. & D. capabilities (Geisler, Rubenstein, Thompson,
78/4).

In general, the process of identifying, measuring, and monitoring
or evaluating IT's as both capability and output (ideas, knowledge,
techniques) indicators for the R. & D./Innovation process is much
more difficult than the kinds of measures of mainstream R. & D. cur-
rently included in the National Science Board's "Science Indicator"
series. Aside from the usual problems of surveying large numbers of
companies and getting reliable data that already exists, measuring
IT's -has added complications. Few companies have any records that
directly reflect the kind of indicators needed to assess IT's. In addi-
tion, few managers think of their non-R. & D. resources involved in
the overall R. & D./Innovation process in separable terms that would
lend themselves to identifying and measuring indicators for IT. For
example, of the people and knowledge in the company devoted to
welding or foundry operations (in many cases hundreds of people and
multiple facilities) only a small proportion are relevant to the success
of new or significantly improved products or processes which are
generally identified as innovations. An attempt to identify such
R. C D./I-related-ITs would require a new approach to "human re-
sources accounting"-a function that is growing in industry, but
slowly.

Despite these difficulties, efforts should be made to include indi-
cators of IT in the measurement of national resource inputs for
R. & D./Innovation and for assessing the outputs of that process. The
rationale is not mere "tidiness" in the sense that our current national
accounts are far from complete in representing the R. & D./I process,
but the practical purpose of policymaking aimed at maintaining and
improving these valuable technological assets.

4.2 Lse of IT Indicators by Government Procurement People, Com-
pany Management, and Federal Policymakers

Given that a manageable set of indicators for IT can be developed
and that credible data can be gathered on them on a regular basis, then
what use can be made of them for what purposes? Although, as in the
case of many indicators, new uses may emerge after they are developed,

there are several immediate needs that come to mind and three groups
of potential users have been selected to illustrate the possibilities. Usage
by the third group-Federal policymakers (in the legislative and ex-
ecutive branches) is discussed in more detail in section 5 of this paper
on public policy implications of IT. The three illustrative user groups
and possible uses to which they might put IT indicators are:
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(a) Procurement people.-Currently there is increasing interest in
the Department of Defense, the largest Federal purchaser of tech-
nological products and services, in a concept called "Past Perform-
ance" which has been used in procurement for many years in widely
varying ways and under different names. It involves an attempt to pro-
vide indicators of contractor capabilities in a number of key areas as
aids in: selecting contractors for a particular project or program; and
monitoring performance once a contract has been awarded. Possible
applications to these two important functions are given in figure 3.

(b) Company management.-There are many uses to which an alert
company management might put improved indicators of their IT re-
sources. An important one is in maintaining its technological capabili-
ties through recruitment, training, upgrading, and replacement of peo-
ple with important and scarce IT skills. Another is in maintaining an
adequate capability level-in critical IT's and forecasting or anticipat-
ing threats to that capability from turnover, promotions, cutbacks,
transfers, retirements, mergers and acquisitions, obsolescence, or inade-
quate support (funds, facilities, equipment, supplies, and services).

The kinds of lessons learned by the two companies discussed earlier-
the cases of forced abandonment of a technical venture due, in part, to
inadequate IT and the unexpected loss of key IT capabilities through
early retirements-might serve as motivators to many managers to
pay more attention to IT's than they currently do. One technique which
made a stir some years ago, but which has made little headway in in-
dustry recently, might be revived in the context of IT. This is the
"skills inventory" of important technical skills-R. & D. and other-
that is represented by the company's current work force. The lack of
adoption and wide-spread use of this technique is due to cost and the
political fallout from gathering and maintenance such information
beyond the superficial level of merely listing (in files or on a computer)
education, previous job titles, and, in some cases, formal assignments
in the company.

Most of the attempts at such skill inventories did not include the
depth of information needed for a true skills inventory even for
R. & D., let lone for IT and the overall R. & D./Innovation proces. It
may be worthwhile for company managements to reexamine the costs-
benefits of such an information system for forecasting, deploying, and
maintaining its technological human resources.

(c) Federal policymnakers.-Although specific public policy implica-
tions are discussed in more detail in the next section, brief examples
are given here of some possible uses of TT indicators bv legislators and
executive agency policymakers (in addition to the uses in the procure-
ment/acquisition process). Perhans one of the major kinds of policy
actions which the Federal Goverment might take with respect to ITs
is in the training area to be sure that the supply and quality of such
national assets are at proper levels. Another key area involves the ex-
portation of know-how and other manifestations of IT through tech-
nology transfer and technical assistance agreements. A third might
involve specific incentive programs to enhance IT development in in-
dustrial firms and throughout the sunportino infrastructure (consult-
ing firms, and trade association technical assistance and R. & D. organi-
zations). Finally. the Federal Government, which is already doing a
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great deal in the area of dissemination of IT information (notably
through mechanisms such as NASA's Technology Utilization Pro-
gram, described in several of the references in sec. 7) might do even
more of this to enhance industry's IT resources.

5. SOME PUBLIC POLICY IMPLICATIONS OF IMBEDDED TECHNOLOGY AND

SOME SUGGESTIONS FOR ACTION

5.1 Introduction

In this paper I have undertaken to explore possible policy options
for the Federal Government with respect to IT and develop some ap-
proaches that might lead to specific policy options. Consistent with this
objective I present, in figure 4, some suggested actions which the leg-
islative and Executive branches of the Federal Government might
undertake to enhance the U.S. posture with respect to IT. Although
many of these suggestions appear reasonable and feasible to me, each
requires careful analysis and experimental evaluation before it is put
into practice or recommended for legislative or executive action. The
reason for this caution is that many programs intended to provide
incentives to the innovation process in the United States and other
countries have fallen flat because they were not carefully designed,
tested, evaluated, and adapted to the specific circumstances involved
(differences between: industries, countries, companies, technologies,
and people involved in the R.&D./I process).

The actions in figure 4 can be grouped into approximately five more
general categories which are nothing more than a convenience for dis-
cussion purposes, since almost all cut across technical fields and leg-
islative committee or executive agency jurisdictions. In no sense are
the items of figure 4 and the categories below intended as a complete
or comprehensive program of government incentives to innovation.
There have been and currently are dozens of such lists being drawn up
in connection with the several waves of activities on the status of tech-
nological innovation since the early 1970's and the continuing pro-
grams of such organizations as NSF, NASA, Departments of Defense
and Commerce, other executive agencies. Oflice of Technology Assess-
ment, (OTA), and the Joint Economic Committee (JEC). Most lists
are redundant and brand new ideas are rare. What is also rare are sys-
tematic and credible evaluation and application of some of these ideas-
e.g., some of the frequently cited incentives to innovation. That is the
big gap that needs to be filled in the R. & D./I policy area, including
that part related to IT's.

Two more figures address tl e requirements for and difficulties of
actually influencing the R. & D./Innovation process through govern-
ment action. Figure 5 is a simplified version of a general model of gov-
ernment influence on the R. & D./I process which has been used to
guide a recent series of case studies of innovation in the automotive
industry (Rubenstein and Ettlie, 1979). Figure 6 is a more generalized
version of that model for a series of studies of industrial management
responses to government incentives for innovation in half a dozen
countries. (Rubenstein et al, 75/95, and Watkins et al 76/9).

Figure 5 emphesizes what the government can possibly do to in-
fluence the belhavior of firms with respect to innovation. Figure 6
focuses on the. long tortuous path between formulation of a govern-
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ment incentive or regulation related to the innovation process and the
many informational, perceptual, and behavioral stages that must
occur if the incentive/regulation is to have a beneficial impact. It is not
an optimistic picture, and deliberately so, since the influence process is
far from direct or simple. The multi-country studies guided by this
second model focused on the "information-perception-evaluation"
stages (boxes 2, 3, and 4) which precede any significant decisions or
commitments of resources to actual innovation projects as a conse-
quence of government action.

5.2 Government'8 Role in Training for IT

Below the university level, government (federal, state, and local)
dominates the educational and training system in this country. Even
at the university level, in addition to direct influence through state
universities and colleges, government has a number of ways of in-
fluencing educational content and method throughout the system via
such mechanisms as research and training grants.

These methods of influence might be used to focus attention on the
need for more and better training in the arts included under IT;
toward the establishment, improvement, and stable maintenance of
those programs specifically aimed at particular IT skills; and for pro-
vision of direct support for such programs. In addition to attempting
to influence the educational sector directly, government agencies might
provide direct training facilities through the many government labo-
ratories and other technologically based facilities they operate.

This is not a plea for still another "title X" of an education act
addressed to still another special interest group. Rather it is a sugges-
tion that the status of our educational and training institutions be
examined in the light of IT needs for the future and that influence be,
brought to bear, through a number of means including direct funding,
to assure adequate attention to this necessary and important area of
skills. Although it is true that many (perhaps most) individual "skill
ITs" need to be imbedded in people's heads and hands over long pe-
riods (decades for some skills), an early start in secondary school or
early in the college years could point many people in that direction
and provide them with a career focus they might have been unaware of
or misinformLed about.

Because of the very nature of skill acquisition-the time lags, the
role of motivation, the need for practice, and the need for face-to-face,
hands-on instruction-I am not suggesting more "orientation courses'
which, through brief lectures, demonstrations, or films, try to catch
the imagination of students and then drop themn at that point with no
way to follow up and get rigorous training. Some critics suggest that
such brief and superficial exposures of medical students to non-main-
line specialties such as mntrition, gynecology, tropical diseases. or psy-
chiatry can do more harm than good in preparing non-specialists to
cope with serious problems in those areas.

5.3 Potential Incentives for Stimulating IT

The general field of incentives for stimulating overall technological
innovation has been and is currently being plowed extensively and it is
unlikely that many radically new ideas will spring out of the many
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committees and study papers (including this one) which are being
written. The big gap is, as mentioned above, in the many painstaking
steps required to implement them, evaluate their impact, and improve
them.

Several of the incentives regularly touted for innovation in general-
e.g., tax reforms, cost sharing, cooperative research, reduced regula-
tion, direct subsidies-might have an impact on stimulation and de-
velopment of IT. Several other countries have been offering incentives
(often not even identified as such) and programs/facilities for the
development of the kinds of IT skills and capabilities listed in sec-
tion 3.2. Not much is known in this country about the details of such
incentives, despite our several surveys of incentives to technological
innovation (e.g., Rubenstein et al., 75/95; Watkins et al., 76/9; Allen
et al., 1978; Pavitt et al., 1976) because of our focus on the mainline
aspect of technological innovation, especially the upstream aspects
(R. & D.) .

Many people are calling for a review of such incentive schemes in
general, and attention should be paid to those that might influence
IT's. I believe that a much better result may be achieved through some
attention to stimulating IT's through incentives as compared to con-
centrating only on mainline R. & D. aspects of the R. & D./I process.

5.4 Exporting Technical Know-How

This is a complex problem and is not receiving adequate attention
viz-a-viz exploration of actual hardware -. g., computers and defense-
oriented equipment. In this context, including, below, are some com-
ments prepared for the National Security Affairs Conference, July
1976 (Rubenstein 76/43) in which I pointed out some of the practical
aspects of attempting to control the flow of "technical know-how"
overseas.

SOME ISSUES RELATED TO CONTROL OF INTERNATIONAL TECHNOLOGY

TRANSFER (ITT)

(1) How can firms outside the main stream of the defense business
be informed and convinced of the importance of clea'ring "know-how"
and other informal ITT transactions with the Department of Defense
(DOD) and the Department of Commerce (DOC). This involves a
difficult detection problem for the cognizant agency or agencies which
do not have a prior relationship with strictly or primarily commercial
firms. The objectives of protecting potential sensitive or strategic
technology may conflict with the firms' objectives of carrying on a
profitable trade in high technology. If, then, there is a significant
amount of design or manufacturing know-how now being or likely to
be transferred by firms outside the current orbit of DOD contracts and
relationships, there is likely to be reluctance on the part of the com-
mercial firms to cooperate, without significant incentives or penalties.

(2) How can critical technology be protected when third parties are
involved. Once trade secrets are out of the bag there is no putting
them back. A few minutes' observation of a "secret" process by a
sophisticated observer can render some trade secrets forever open.
Unless third party countries and their plants are sealed (actually or
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figuratively) there is little protection against leakage of know-how
information that can be transferred by a glance, a conversation, or
some observation. For know-how information which requires training,
there would have to be a reversal of the trend in some sectors of the
movement of skilled people between countries. In some industries the
job market is international. As the British learned during the indus-
trial revolution, when people move around, know-how can move with
them, despite the embargo on export of machines or even drawings.
The shifting nature of international relations and alliances makes it
unlikely that selling only to our "friends" is protection against loss to
a third country which may be an antagonist at any given time. Cer-
tainly Draconian measures can be attempted to shut off flows to and
from third countries, but the question of cost in diplomatic, economic,
and human terms may be too high to justify them.

(3) If an attempt were made to extend formal controls to the less
formal modes of technology transfer (e.g., through consultants, visits,
conferences, international task forces and missions-such as those of
the U.N. agencies and development banks) what kind of measures
would be needed to delineate and control the specific kinds of informa-
tion that is embargoed? Would the cognizant agency-e.g., DOD or
DOC have to place inspectors in the plants and offices of private, non-
defense companies, universities, and other non-defense institutions
which deal with technology that meet the test of being critical? Would
the travel of U.S. citizens not engaged in militarily classified work
be restricted on the basis of the potential future strategic potential
of their knowledge? How could this be justified, if it appeared desir-
able to do so, in a free society that is not at war? Of course this issue
has been with us for many years and it has been addressed in a num-
ber of ways, but perhaps never before in a social climate such as that
existing post-Vietnam and post-Watergate.

(4) How can sellers of technological equipment and know-how be
compensated for the loss (or perceived loss) of not only the immediate
sale of equipment, a process, a product line or some know-how, but
future potential market share that might follow. Frequently, the pro-
vision or promise to provide some new high technology is the sweet-
ener that gives a U.S. manufacturer a competitive advantage over
firms in other countries. Can the value of such losses or opportunity
costs be calculated and somehow added into the cost/benefit equation
governing the decision on what specific areas of technology to restrict?

(5) What kind of methodology would be needed to detect accurately
the presence of some critical technology imbedded in a product, proc-
ess, machine or material-e.g., a new alloy or alloying process, a new
method of packaging a circuit, a sophisticated method of chemical or
biological analysis, or a new method of heat treating or material re-
moval or joining?

(6) Can a Federal agency or agencies devise better means of protect-
ing proprietary know-how than commercial firms now have, when
the firms' future existence may be threatened by a loss of competitive
position? How much tighter security is feasible in an open society
than is now already practiced in many highly competitive industries-
both domestic and international? A major method of such protection
depends on a combination of loyalty to the company and material
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incentives rather than on the older threats of blacklisting in a closed
industry. Can the Federal Government provide more protection than
is now offered by commercial firms in their own self interest, without
incurring unacceptable social costs?

5.5 Role of Government R. & D. in IT for Industry

As in the case of incentives for innovation and export policy, most
attention has been focused on dramatic achievements and mainline
R. & D. products when considering "technology transfer", "tech-
nology utilization", or "spin off" from Federal R. &. D. programs.
Several articles listed in section 7 describe NASA, DOD, and CERN
(the European Nuclear Reactor Center in Geneva) contributions of
this nature. They also include additional kinds of outputs, many of
which are clearly IT's in the context of this paper. The difficulty has
been that this attempted transfer has occurred (or been attempted)
primarily on paper, rather than by people. A major theme of this
paper and other work on technology and skill transfer is that effective
transfers occur primarily through people-either actual movement of
people from one location to another, or intensive and continuous com-
munication between "sources" and "users". This is particularly true
for IT, which is not covered well in textbooks, patents, the Scientific
and Technical Literature (STI) or other formal channels.

Although several Federal agencies, notably NASA and DOD, have
had long standing policies of encouraging dissemination of such infor-
mation, these policies have often amounted to lip service and have in-
cluded little access to people in Federal laboratories as compared to
paper (technical reports and summaries).

My general suggestion is that these and other agencies review the
actual behavioral patterns associated with such transfer activities
and attempt to shift the emphasis from paper. to people. This will
require more actual access to Federal labs for cooperative work, de-
tailed demonstration, intensive training, and other modes of IT skill
transfer through people.

5.6 Dissemination of IT Techniques and Information

Finally, improved methods should be sought for the focusing of
attention on IT, the extraction and dissemination of information about
it, research and experimentation on it, and other forms of communica-
tion which are generally used for mainline R. & D. (conferences, semi-
nars, demonstration projects, and special handbooks and manuals).
Figure 4 contains some specific suggestions in this direction.

6. SOME SUGGESTIONS FOR FURTHER ANALYSIS

6.1 Obtaining Survey Data and Identifying Examples of IT

The National Science Foundation should expand its definition of
R. & D. used in its annual and other periodic surveys which feed into
Science Indicators and other reports that describe the state of R. & D.
to include many of the skills, capabilities, assets and outputs of IT.
There is likely, of course, to be an outcry from the industrial firms
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which will be asked to furnish this additional information, on top of
all the other information they are asked for in connection with their
R. & D. and other activities. An off-setting incentive that can be
offered in response to this likely complaint is that the firm itself will
benefit from systematic data on an important innovation-related area
of the firm which few of them have much formal knowledge about.
An additional incentive might be an offer to provide technical assist-
ance, grants, or other help for the initial survey. It is not likely that
"smooth" quantitative data such as that which appears in the NSF
surveys of R. & D. will be forthcoming in connection with IT. There
are too many definitional, detection, imputation, and other technical
problems to guarantee that. This means that perhaps the best that can
be expected (and of potentially high utility) is a combination of some
quantitative data and some descriptive data in the form of case studies
or other modes of presentation which convey the essence of the IT
situation to policymakers and managers-the general level and qual-
ity; the accomplishments through IT; the limitations; the need for
policy and managerial action to develop, improve, and maintain our
capabilities in this important area.

6.2 Traci'nq the Origins and Impacts of lT

If sufficient leads can be obtained from the suggested expansion of
the NSF surveys, or if another agency or organization undertakes to
assess the status of IT in industry, a number of policy-oriented results
might be achieved in relation to the health of the Nation's R. & D./
Innovation process. These results might be of two kinds-tracing ITs
to their origins and tracing their social and economic impact on
various sectors.

In the first case, the tracing of ITs to the government labs or other
sources can provide a basis for the kinds of changes in Federal prac-
tices with respect to technology transfer from government laboratories
and programs discussed in section 5.5. It can demonstrate the poten-
tial value of increased "openness" of Federal R. & D. facilities and
programs to industry.

In the second case, tracing "downstream" can provide evidence for
the importance of ITs in the overall R. & D./Innovation process and
guide policies consonant with that importance.

7. SELECTED REFERENCES TO MATERIAL ON IMBEDDED TECHNOLOGY AND
RELATED SUBJECTS

As mentioned at the beginning of this paper, there was no inten-
tion of doing a state-of-the-art literature search. The items referenced
below, however, provide further insight into and detail on many of
the issues discussed in the paper. They are presented here for further
reading by policymakers and fur ther analysis by researchers. The sam-
ple of material is rather eclectic, althlough there is a heavy representa-
tion of reports on the NASA Techlology ITtilization program. Of all
programs by Federal agencies to provide technological inputs to in-
duistry. NASA's has been one of the most iltelnsive and extensive and
the best publicized. The small number of reFerences to programs and
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specific contributions of other agencies should not be taken, however,
as a measure of their activity in the field of imbedded technology and
related matters since no statistical sampling was involved. It may be
an indication, however, of the low profile that many of them maintain
in this field. Included in this list of references are some of the
POMRAD 4 papers cited in the text.
Abernathy, William J., and Utterback, James M. "Patterns of Industrial In-

novation." Technology Review, Vol. 80, No. 7, June 1978.
A model of the changing emphasis of R&D/Innovation in the firm as its

products and processes mature.
Allen, Utterback, Sirbu, Ashford, and Hollomon, "Government Influence on the

Process of Innovation in Europe and Japan," Research Policy, Vol. 7, No. 2,
April 1978.

A multi-country study of incentives to innovation conducted by M.I.T.
Anuskiewicz, Todd. Federal Technology Transfer. Prepared for National Science

Foundation Offlce of Intergovernmental Science and Research Utilization.
The George Washington University, Washington, D.C., August 1973.

Summaries of technology transfer activities done by each of 14 U.S. Govern-
ment agencies and foundations, including numerous examples of technology
transfer from the public to private sector.

Ashburn, Anderson. "How to Lead in Innovation." Editorial, American Machin-
ist, September 1978.

An editorial on the role of automation in productivity.
Baloff, Nicholas. "Startup Management." IEEE Tran8actions on Engineering
Management, Vol. EM-17, No. 4, November 1970, pp. 132-141.

Discussion of learning curves and startup models in several fields of tech-
nology.

Business Week. "Metal Casting the Soviet Way." Business Week, August 7, 1978,
p. 60 D.

A news item about a new Soviet technology not yet used outside the U.S.S.R.
Centre for the Study of Industrial Innovation. Aspects of Spin-off, A Study of

the Concorde and the Advanced Pa88enper Train on Their Supplier Firm8.
London, England, October 1971.

A British study of the incidental effects which large advanced projects can
have on their sub-contractors and suppliers.

Coddington, Dean G., Bortz, Paul I., Freeman, James G. PATT: Project for the
Analysi8 of Technology Transfer. Denver Research Institute, Industrial Eco-
nomics Division, University of Denver, March 1970.

Private corporations tend to minimize benefits they receive from Federal
research (p. vii). Hypotheses about technology transfer (pp. 1-2). Cpnclusions
on improvement of technology transfer (pp. 4-5). Some case studies of trans-
fer to industrial sectors are contained in Appendix A.

Davis, Ruth M. "Quantity a Key to Military Strength." Address at Elgin Air
Force Base, excerpted in Science, Vol. 200, June 9, 1978, p. 1134.

A note on the role of quantity production in technological superiority.
Denver Research Institute. Space Benefits: The Secondary Application of Aero-

space Technology in Other Sectors of the Economy. Program for Transfer
Research and Impact Studies, Industrial Economics Division, Denver Research
Institute, University of Denver, January 1978.

A source of case studies of technology transfer from NASA's R&D. Cases
are listed by type and there is also a listing of organizations which have been
beneficiaries of NASA technology transfer.

Dun's Review. "Productivity Plays: Growth Stocks for the 1980s." Dun's Review,
November 1978, pp. 125-128.

Discussion of financial viewpoint of investments in companies which are
in the "productivity business" via labor saving equipment and systems.

Ettlie, John E., and Rubenstein, A. H. "Social Learning Theory and the Tech-
nology Transfer Process." Department of Management, College of Commerce,
DePaul University, Chicago, and Department of Industrial Engineering and

4 Program of Research on the Management of Research and Development at Northwestern
University.
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Management Sciences, Northwestern University, Evanston, Ill., October 1978.
Doc. No. 78/65.5

Some of the theory underlining the attempts by industrial users to adopt
numerically controlled machine tools.

Federal Council for Science and Technology. Directory of Federal Technology
Transfer. Committee on Domestic Technology Transfer, Executive Office of
the President, Washington, D.C., June 1975.

For each of several agencies of the U.S. Government, a listing of technology
transfer policy and objectives; technology transfer utilization responsibilities;
method of implementing technology transfer; technology accomplishments.

Geisler, Eliezer, Rubenstein, A. H., and Thompson, C. W. N. "A Method of
Assessing the Technical and Innovative Capabilities of Small Businesses."
Proceedings of the Seventh Annual Department of Defense Procurement/
Acquisition Research Symposium, Hershey, Pa., May 31-June 2, 1978, pp.
196-200. Doc. No. 78/4..

Listing of factors that may be used as indicators of the capability of small
businesses (not necessarily high technology businesses) to perform R&D and
to participate in government R. & D. contracting.

Gold, Bela. Improving Industrial Productivity and Technological Capabilities:
Needs, Problems and Suggested Policies. Prepared for the National Center for
Productivity and the Quality of Life, Washington, D.C. Research Program in
Industrial Economics, Case Western Reserve University, Cleveland, Ohio,
July 20, 1978.

Discussion of economic and practical aspects of industrial productivity.
Gold, C. Henry, Moore, A. M., Dodd, Bill, West, Susan G. Technology Utilization

in a Non-Urban Region: Further Impact and Technique of the Technology Use
Studies Center. Final Report, NASW-2881. Technology Use Studies Center,
Southeastern Oklahoma State University, Durant, Okla., December 1976.

Applications of NASA technology in non-manufacturing areas.
Haggerty, James J. Spin-off 1978. National Aeronautics and Space Administra-

tion, Washington, D.C., January 1978.
Shows numerous applications of NASA technology in consumer products

and services. For example, the Silverdome, fire-fighting devices, medical equip-
ment, solar energy collectors, and electric cars.

Hahn, Walter A., Doscher, Susan L. Summary Chapter in Industrial Technology
Transfer, Marvin J. Cetron and Harold F. Davidson (editors), Leyden, the
Netherlands: Noordhoff, 1977, pp. 431-469.

Summary of the chapters on technology transfer at the NATO International
Conference on Technology Transfer.

Hall, Robret W., and Vollman, Thomas E. "Planning Your Material Require-
ments." Harvard Business Review, September-October, 1978, pp. 105-112.

Materials aspects of planning and productivity.
Hersey, Irwin. "The Spin-Off from Space." Engineering Opportunities, February

1968, pp. 22-35.
Discussion of the use of NASA technology in other applications, with much

discussion of industrial applications. Some examples are shown. Discusses the
NASA Regional Dissemination Centers and how industry appears to be begin-
ning to avail itself of this source of R. & D.

Holtz, James N. The Technology Utilization Process: An Overview. Division of
Research, Graduate School of Business Administration, University of Cali-
fornia at Los Angeles, November 19.

Discussion of the technology utilization process with particular emphasis
on the use of space and defense research by small businesses. The report con-
centrates on the financial aspects of development of any new product which
was a spin-off from Federal research and is concerned with the difficulty of
funding for a small company or entrepreneur.

Hughes Aircraft Co. R. & D. Productivity, 2nd edition, 1978, Culver City, Cali-
fornia.

A broad survey of technological contributions to productivity in R. & D.
Illinois Institute of Technology Research Center. Solving Manufacturing Prob-

lems Through Aerospace Technology. NASA/IITRI Manufacturing Applica-
tions Team 1977 Yearly Report, IlT Research Institute, Chicago, Illinois, 1977.

as POMRAD document number.



406

Applications of NASA technology to manufacturing problems, with many
examples.

Iron Age. "NASA/AEC Spinoff: Answers Waiting for Question." Iron Age, Jan-
uary 28, 1974, pp. 33-37.

Describes the AEC Technology Utilization Program. Gives some case studies
from NASA and AEC transfer to industry.

"Metalworking's Future Manufacturing Systems." Iron Age, August 28,
1978.

A major survey of future manufacturing systems, including many instances
of imbedded technology and future equipment that embodies it.

Jedlicka, Allen D., and Rubenstein, A. H. "Some Observations on the Strategies
and Organization of Applied Research Institutes in Developing Countries."
Department of Organization Behavior, School of Businesss Administration,
University of Northern Iowa, Cedar Falls, and Department of Industrial En-
gineering and Management Sciences, Northwestern University, Evanston, Ill.,
November 1974. Document No. 75/7.

Johnson, F. Douglas, Gatseas, Panayes, Miller, Emily, Gundersen, Nancy. NASA
Tech Brief Program: A Cost Benefit Evaluation. Transfer Research and Impact
Studies Project, Industrial Economic Division, University of Denver Research
Institute, Colorado Seminary, May 1977.

Shows that the benefit-to-cost ratio for the Tech Brief/Technology Support
Package program is 10:1. See page ix. Chart on p. 12 (Table I-4) shows
various U.S. agency budgets for technology transfer.

Jolly, J. A., Creighton, J. W., (editors). Technology Trnasfer in Research and
Development. Naval Postgraduate School, Monterey, California, 1975.
Figure 8-1, Predictive Model of Technology Transfer, p. 84. Figure 1-12,

Activities Applied to the Basic Linker Model, p. 13.
Keating, Bern. Henry Ford, Move Over! American Way, November 1978, pp.

23-26.
Brief popular account of the contribution of Sam Colt to mass production.

Kottenstette, James P., Freeman, James E. PATT: Project for the Analysis of
Technology Transfer. Industrial Economics Division, Denver Research Insti-
tute, University of Denver, Denver, Colorado, July 1972.

This final report is more descriptive of the methodology used in the project
than informative on technology transfer. Of special interest are Appendix A:
Nondestructive Testing Fact Sheet; Appendix B: Cryognics Fact Sheet.

Lesher, Richard L., Howick, George J. Assessing Technology Transfer. Scien-
tific and Technical Information Division, Office of Technology Utilization,
National Aeronautics and Space Administration, 1966.

A book on the process of technology transfer (TT) from government spon-
sored R. & D. to the private sector. On how to do TT-pp. 30-31; difficulties of
TT-pp. 40-41; programs for TT-pp. 55-73; steps in TT process-pp. 88-89;
examples of NASA/AEC TT--pp. 103-5.

National Academy of Sciences. Research Management and Technical Entrepre-
neurship: A U.S. Role in Improving Skills in Developing Countries. Washing-
ton, D.C., 1973.

Transfer of skills to Less Developed Countries (LDCs).
National Aeronautics and Space Administration. Useful Technology from Space

Research. Technology Utilization Program, Washington, D.C., 1968.
Gives some examples of NASA's R. & D. applied to other applications in-

cluding some industrial uses. Shows a map of Regional Centers for NASA data.
Summary Descriptive Information on a Random Selection of Transfer

Examples. Technology Utilization Division, Office of Technology Utilization,
Washington, D.C., March 1969.

Contains about 100 case studies of the technology transfer of R. & D. findings
by NASA used in medical and industrial applications.

Applications of Aerospace Technology in Industry: A Technology Trans-
fer Profile. Washington, D.C., 1971-72.

Several volumes containing case studies on the following areas of Tech-
nology transfer; patient monitoring; cryogenics; non-destructive testing; weld-
ing; visual display systems; fire safety; food technology; and plastics.

-I Index to NASA Tech Briefs. NASA SP-5021 (14). Washington, D.C.,
February 1974.

An index with abstracts of NASA Tech Briefs. Tech Briefs are short an-
nouncements of new technology derived from the R. & D. activities of NASA
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or the Atomic Energy Commission. These briefs emphasize information C0rn-
sidered likely to be transferable across industrial, regional or disciplinary lines
and are issued to encourage commercial application.

- Technology Utilization: Fabrication Technology, A Compilation. NASA
SP-5978 (02). Washington, D.C., September 1974.

Gives case studies of developments in metal fabrication, cutting and fnish-
ing made under NASA contracts. Object of the booklet is to make the infor-
mation available to the private sector.

Technology Utilization Program Report. Technology Utilization O(Juce,
Washington, D.C., 1974.

A discussion of natural diffusion (pages iv-v). This report contains nunler-
ous technology transfer case studies in two broad categories: public sector
projects; and biomedical sector projects, with further breakdown witihi thoese
two categories. Examples of the TT case studies are: recycling valuable non-
ferrous metals from discarded autos, lead paint detectors, improved brake
linings, and nickel-zinc batteries.

Technology Utilization-Mechanical Devices, A Compilation. Sl'-5076
(05). Washington, D.C., January 1976.

Some mechanical devices developed by persons under NASA contracts. (b-
ject of these tech briefs is to inform the private sector of available spiln-o;s
from NASA research.

National Research Council, Assembly of Engineering. "Annual Program Plain
FY 1979." Committee on Computer Aided Manufacturing, Washington, 1D.C.,
June, 1978.

Description of the Air Force sponsored program on computer aided
manufacturing.

National Science Foundation. Intergovernmental Science and Public Technology.
Program Report, Vol. 2, No. 6, September 1978. Presented by the Directorate
for Applied Science and Research Applications, Division of Intergovernjental
Science and Public Technology and prepared by the Office of Planning and
Resources Management, Division of Strategic Planning and Analysis.

Summary of a number of National Science Foundation-sponsored experi-
mental incentives and cooperative R. & D. programs.

Federal Technology Transfer-An Analysis of Current Program Char-
acteri8tics and Practices. A report prepared for the Committee on Doniestic
Technology Transfer, Federal Council for Science and Technology. Office of
National R&D Assessment, Washington, December 1975.

Table 1, p. 2, factors likely to affect the success of technology transfer,
research utilization programs. VI, Summary, pp. 21-24. A summary of factors
likely to affect success of TT/RU programs.

Office of Technology Assessment, Congress of the United States. Govcrnment
Involvement in the Innovation Process. A contractor's report to the Oflice of
Technology Assessment. Washington, D.C., August 1978.

Broad discussion of incentives, barriers, and other effects of government on
the innovation process.

Olson, Walter T. Making Aerospace Technology Work for the Automotive Indus-
try-Introduction. Technical paper presented at the 1978 Congress and Ex-
position of the Society of Automotive Engineers, Detroit, Michigtan, Febru-
ary 27-March 3, 1978. NASA Technical Memorandum TM-73870.

Application of NASA-supported technology In the automotive industry.
Palmer, Archie M. Administration and Utilization of Government-Owned Patent

Property. National Aeronautics and Space Administration, Washington, D.C.,
December 23, 1960.

On p. 24 there are some data on the low commercial utilization of govern-
ment patents, although these are somewhat dated. The report goes oln to spec-
ulate over the reasons for the low usage rate.

Pavitt and Walker, "Government Policies Towards Industrial Innovation: A
Review." Research Policy, Vol. 5, No. 1, January 1976.

A multi-country study of incentives to innovation based at University of
Sussex, England.
Rubenstein, A. H. "Problems of Financing and Managing New Research-Based
Enterprises in New England." A study done for the Research Department of
the Federal Reserve Bank of Boston, April 1958. Doc. No. 58/,1.
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A study of the growth and problems of new high technology starts ups.
Rubenstein, A. H., Douds, Charles F., Geschka, Horst, Kawase, Takeshi, Miller,
John P., St. Paul, Raymond, and Watkins, David. "Management Perceptions
of Government Incentives to Technological Innovation in England, France,
West Germany, and Japan." Research Policy, Vol. 6, No. 4, 1977, pp. 324-367
Doc. No. 75/95.

A multi-country study of the reactions of industrial managers to government
incentives to innovation, coordinated by POMRAD at Northwestern Univer-
sity.

Rubenstein, A. H., "Designing Organizations for Integrating Technology Ex-
change Transactions (TETs) in Developing Countries." Prepared for 2nd
Caribbean Seminar on Science and Technology Planning, Port of Spain, Trin-
idad, January 1976. Doc. No. 75/109.

Discussion of the design of networks for the transfer of technology, techni-
cal assistance and technical information in Latin America.

-" "Some Observations on the Effectiveness of Federal Civilian-Oriented R&D
Programs (FC/R&D)." Policy Studies Journal, vol. 5, No. 2, Winter 1976. Also
in Priorities and EBfflciency in Federal Research and Development, Congress
of the U.S., Washington, D.C. 1976, pp. 46-64. Doc. No. 76/1.

A paper prepared for the Joint Economic Committee on incentives/barriers
to innovation.

"Some Issues on International Technology Transfers in the Context of
National Security." Prepared for National Security Affairs Conference, July
12-14, 1976, Washington, D.C., Doc. No. 76/43.

A paper prepared for the National Security Conference dealing with inter-
national technology transfer and the specific problems of technical know-how.

"Progress Report on Caribbean Combined Task Force on Technology
Exchange and Funding Mechanisms." Report prepared for the Organization of
American States, July 1976. Doe. No. 76/50.

Report on attempts to implement the concept of a Technology Exchange
Transaction (TET) network in the Caribbean.

(with John E. Ettlie). "Innovation Among Suppliers to Automobile
Industry: An Exploratory Study of Barriers and Facilitators." To be published
in RJD Management, 1979. Doc. No. 77/22.

Report of a study of 32 innovations in the automotive industry, including
factors serving as barriers and facilitators to innovation.

Rubenstein, A. H., Bergman, M., Geisler, E., and Thompson, C. W. N., "Final
Report on a Preliminary Study of Indicators for Small Business R&D Capa-
bilities." Prepared for the National Science Foundation, October 1977. Doc.
No. 77/63.

An exploratory study of the capabilities of small business to conduct R&D/
Innovation.

Rubenstein, A. H., Geisler, E., "Potential Indicators and Measures of Downstream
Outputs of the R&D/Innovation Process in Several Sectors of Science and
Technology." Prepared for the American Association for the Advancement of
Science meeting, Houston, January 1979. Doc. No. 78/54.

A summary of a number of studies done by POMRAD related to indicators for
the R&D/Innovation process, including work in the environment, small busi-
ness, energy, transportation, materials, industrial products, agriculture, and
public heath.

"Preliminary Unsolicited Research Study Proposal on Source Selection,
Monitoring, and Contractor Past Performance." A proposal submitted to the
Air Force. Department of Industrial Engineering and Management Sciences,
Northwestern University, August 1978. Doc. No. 78/58.

A proposed study of the factors describing past performance which may be
relevant to source selection and monitoring contracts.

Saunders, Neal T. Overview of NASA/OAST Efforts Related to Manufacturing
Technology. Presented at the MTAG-76 DOD Tri-service Conference on Manu-
facturing Technology, Arlington, Texas, November 8-11, 1976. NASA Technical
Memorandum TM X-73583.

Contributions of NASA technology specifically to the manufacturing proc-
esses.
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Schmidt, Robert D. "Technology Transfer: More Rope or Which Rope?" Govern-
ment Ezecutive, December 1978, pp. 18-21.

Discussion of several aspects of international technology transfer and the
situation of technological dependence.

Schmied, Helwig. "A Study of Economic Utility Resulting from CERN Con-
tracts." IEEE Transactions on Engineering Management, Vol. EM-24, No. 4,
November 1977.

Spin-offs from CERN to contractor capabilities.
Schnee, Jerome E. Government Programs and the Growth of High-Technology

Industries. Graduate School of Business Administration, Rutgers University,
New Bruswick, N.J., February 1976.

Contributions of DOD and NASA programs to the growth of high technology
companies in electronics, aerospace, computers, and related industries.

Science. Technology Creep and the Arms Race: ICBM Problem a Sleeper. Soience,
Vol. 201, September 22, 1978, pp. 1102-1105.

One article in a series on the incremental, non-obvious advance of military
and military-related technology which cumulatively leads to step advances.

Stanford Research Institute. Technology Assessment of Telecommunications/
Transportation Interactions, Vol. III, Contributions of Telecommunications
to Improved Transportation System Efflciency. Prepared for National Science
Foundation. Menlo Park, California, May 1977. NTIS PB-272 696.

Contributions of telecommunication to efficiency, productivity, and economics
of various transportation sub-sectors.

Technlogy Application Center. TAC News, October 178. A Division of the Insti-
tute for Applied Research Services, The University of New Mexico, Albu-
querque, N.M.

Description of services in one of NASA's Technology Application Centers.
Tesar, Delbert. "Mission-Oriented Research for Light Machinery." Science, Vol.

201, September 8, 1978, pp. 880-887.
The U.S. lag In development and use of intelligent machines.

Towill, Denis R. "An Industrial Dynamics Model for Start-Up Management."
IEEE Transactions on Engineering Management, Vol. EM-20, No. 2, May 1973
pp. 44-51.

Mathematical treatment of start-up models.
U.S. Air Force. ICAM Third Annual Industry Briefing. Cincinnati, Ohio, 13-15

June 1978.
Detailed description of the Air Force's Manufacturing Technology Program.

Watkins, David, Riinbnstein. A. H., St.-Paul. Raymond, Peters-Koehler, Barbara,
Douds, Charles F. "Innovation Incentive Programmes in Three West European
Nations: France, West Germany, and the United Kingdom." Technological
Innovation, The Eoperimental RdD Incentives Program, Denver Research In-
stitute. Boulder, Colorado: Westview Press, June 1977, pp. 265-289. Doc. No.76/9.

Descriptions of Incentives for Industrial innovation provided by three Euro-
nean countries.

WrVitson, Donald S., Holman, Mary A. An Evaluation of the Patent Policies of the
Nqtional Aeronautics and Space Administration. Department of Economics,
The George Washington University, Washington, D.C. 1966.

Table 4-3 on p. 72 shows sources of information about NASA inventions.
Some specific case studies, pp. 80-86.



FIGURE 1: A PRELIMINARY CONCEPTUAL MODEL OF THE LINKAGES BETWEEN THE R&D PROCESS AND SOCIAL SYSTEMS
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OTHER FACTORS IN THE SPECIFIC SITUATION (e.g., THE R&D SECTOR OR THE SOCIAL SUB-SYSTEM) WHICH AFFECT THE TRANSITION, TRANSFORMATION,
ADOPTION, USEFULNESS, COST OR BENEFITS FROM TRANSFERS BETWEEN ADJACENT AND MORE DISTANT STAGES. SUCH FACTORS MAY BE ECONOMIC,
CULTURALORGANIZATIONAL, TECHNICAL, PERSONAL, POLITICAL ONES. SOME ARE PARTICULAR TO A GIVEN STAGE (e.g., THE BARRIERS AND
DIFFICULTIES INVOLVED IN DESIGNING ECONOMICAL AND SOCIALLY ACCEPTABLE ENERGY OR SAFETY DEVICES AND SYSTEMS OR THE DIFFUSION
PROBLEMS IN CURING A DISEASE); OTHERS MAY APPLY TO SEVERAL STAGES IN THE OVERALL PROCESS (e.g., CAPITAL SHORTAGES OR REGULATIONS);
AND STILL OTHERS ARE PERVASIVE ACROSS THE WHOLE PROCESS (e.g., ORGANIZATIONAL BARRIERS TO INNOVATION, INDIVIDUAL RISK PREFERENCES,
DIFFUSE DECISION-MAKING RESPONSIBILITY).

Source: A. H Rubevstein, POMRAD, Northwestern University, 1975.
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FIOURt1E 2.-Some illustrative indicators of imbedded technology in small business.

Factor:
(1) Marketing (of R. & D.) sophistication__ (a) Familiarity with govern-

ment bid procedures.
(b) Bid strategy.
(c) Information system for

learning about oppor-
tunities (e.g. requests
for proposals).

(2) Technical information--------------- (a) Technical journals and ref-
erence sources sub-
scribed to.

(b) Procedure and facilities for
searching for technical
information.

(3) R. & D. facilities and equipment_----- (a) Expenditures and inventory
of equipment and instru-
ments (E. & I.).

(b) Replacement and up-dating
of E. & I.

(c) Ability to maintain and
adapt E. & I.

(4) Track record in performance--------- (a) On time and on cost delivery
record.

(b) Returns, allowances, dis-
putes on specifications
and quality of delivered
items.

Source: Rubenstein, Geisler and Thompson, 1977; POMRAD Doe. No. 77/63.

FIGURE 3.-Potential application of indicators for IT to procurement/acquisition
of high technology items.

A. APPLICATION TO SOURCE SELECTION

Such indicators should be useful to procurement and contracting specialists in
procurement offices involved in the source selection process in the following
ways:

Suggesting new indicators of past performances as guides to likely future
performance.

Providing measures to use for those indicators which are considered
appropriate.

Providing a systematic framework within which past performance can
be evaluated and weighed in with other factors.

Reconciling formal or intended methods of weighing past performance
with actual methods used, especially the wide variance among source selec-
tion groups and at different times and places and relating these, in turn,
with procurement regulations.

Where decisionmakers in the source selection procedure are relatively
satisfied with their current indicators of past performance and the weights
assigned to them, providing an opportunity to re-examine their current prac-
tice and, perhaps, augment the indicators they use.

Where there is general dissatisfaction about the current methods of using
past performance or where they are hardly used at all, providing a basis
for introducing such factors. The use/non-use of past performance in source
selection varies widely among Federal agencies and among units within
specific agencies.

56-367 0 - 61 - 27
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B. APPLICATION TO CONTRACT MONITORING

The indicators should be useful to program monitors and technical monitors
in system program offices in the following ways:

As a supplement to existing monitoring systems that focus on cost, time,
and milestones.

Where certain weak points, hot spots or potential flaws have been identi-
fled in the source selection process or in investigations of past performances.

To focus attention on key aspects of contractor present and likely future
performances through "exception principle" management or monitoring.

Where current monitoring systems are inadequate, to substitute an im-
proved one.

Providing inputs to the next cycle of contracting or monitoring for fol-
low on or new contracts. In this way, monitoring can provide its own "past
performance" data for future source selection decisions.

To provide realistic guidance as to what can be expected from the con-
tractor, within the formal limits of contract terms.

Source: International Applied Science and Technology Associates, Inc. (IASTA) 1978.
Doc. 78/58.

FIGuRE 4.-Some suggested Government actions to enhance the U.S. position with
respect to imbedded technology (IT).

Share the cost of training of technicians and other IT specialists.
Provide tax credits for labor savings on IT investments.
Increase sharing of IT capabilities by Federal labs.
Ease licensing and waiver of IT's covered by government-owned patents.
Increase access to Federal laboratories for testing of products and mate-

rials by industry.
Stimulate action on technology transfer by Federal agencies which give

primarily lip service to it (despite policy directives to participate).
Include development of IT capabilities and products explicitly as part

of federally financed or federally performed R. & D.
Subsidize trade magazines which specialize in IT, in addition to profes-

sional journals which specialize in scientific and technical informa-
tion (STI).

Expand the technology transfer agent programs that were tried by
various agencies (e.g., NSF, NASA, Department of Commerce) and
design them so that they will be more self-sustaining and more
effective.

Count IT spin off as part of the social and economic benefits explicitly
when evaluating cost-effectiveness of a government-sponsored ]. & D.
program.

Identify and target needs for IT in different fields.
Use government influence (through regulations, procurement, tax laws,

direct support) to encourage investment in IT by industry.
Provide support for use of retired executives to transfer IT skills and

knowledge and to provide formal training.
Conduct or support technical audits of IT in individual companies and

industries on a confidential basis.
Provide incentives to larger firms to assist small.firms (including some

of their supplier firms) in developing independent IT capabilities.
Support research and experimentation on IT.
Direct more attention to the IT aspect of the R. & D. Innovation process,

in addition to the current heavy focus on the R. & D. aspects.
Consider IT skills when establishing immigration preferences.
Consider IT skills when considering export and technology transfer reg-

ulations and individual export contracts.

Source: Studies and ideas from members of the research-on-research community( stu-
dents of the R. & D./Innovation process), including the Northwestern group, plus staff
members of the National Science Foundation. NASA. Department of Commerce, practi-
tioners of the art of R&D management in the Industrial Research Institute and outside it,
and members of the various advisory subcommittees working on the two current major
studies of innovation. (Domestic Policy Review and Joint Economic Committee of
Congress).



FIGURE 5: AN ABBREVIATED CONCEPTUAL MODEL OF THE POTENTIAL ROLE
OF FEDERAL AGENCIES IN INFLUENCING THE R&D/INNOVATION

SOURCE: A.H. Rubinstein and J.E. Ettlie, "Innovation Among
Suppliers to Automobile Manufacturers: an Exploratory
Study of Barriers and Facilitators", R&D Management,
Vol. 9, No. 2, Feb. 1979, pp. 65-76.

D) Constraints:*

- Cost
-State of the art
-Market structure
-Tax structure
-Antitrust, etc.

* Some of these constraints or
parameters can be manipulated
by Federal intervention

E) Constraints: W

All the barriers to commercialization
and adoption of innovations.

A) What the Federal Government can do and provide:

-Direct R&D/Innovations in house
-Grants and contracts for extra-mural R&D/I projects
-Regulations
-Financial incentives and penalties
-Stimulation, information, tech utilization
-Procurement policies (e.g., life cycle costing)
-Other (demonstration, use of Federal facilities)

B) So that the Federal Government can have beneficial impacts:

Behavior of potential innovator and adopters, e.g., automakers
(-pollution, energy, safety) equipment suppliers (productivity,
quality, cost, and energy)

- Doing more and better R&D
- Committing financial resources
-Setting up new marketing efforts
-Projecting selection

C) So as to accomplish social benefits such as:

-Energy saving
-Safety and health (pollution, accidents, disability)
-Productivity
-Balance of payments
-Improved quality of life



FIGURE 6: A FLOW MODEL OF THE POTENTIAL EFFECTS OF FEDERAL GOVERNMENT ACTION AND OTHER FACTORS ON THE
RESEARCH AND DEVELOPMENT/INNOVATION (RD/I0 PROCESS

Federal Policies, Lawn, 2ereo ismnto State of Ioformationo Ahoot Perceptions ond Attitodes
ood Regalations Related D of isseminaot ond Awareness of Policies, of Decisionmnkees Con-
to Incentives and Con- ood Enforcement of j Laws, and Regulations Hold A cerning Policies, Laws, and
straints on the RD/I Poliies, Loyn, ood hyDecisionmakers in the ' Regulations and their
Process Regulations RD/I Process Relevance to the Decision-

ffi | I makers Organizations &
I Circumstances.I~~ ~ ~ ~ ~ ~ ~~~~~~ _ _ _ _ _ _ _ _ _

Environmental aend Other Factors Affecting the RD/I Process
I l l at Various Stags:

10 Macro Factors (Economic Conditions, Actions of Compe- l
titers).

l tit~~~~~~~~~~~~~~~~~~~~~~eeral Behavior Related|
l 11 Organizational Factors (Size, Markets, Communication to the RD/I Process (Project
I i& Decision Processes, Structure, RD/I Sophisticatin Portfolin Characteristics

such as Risk and Time
12 Technical Factors Related to a Particular Innovation Horizon; Project Selection

of the RD/I Process (State of the Art, Patent Situation, and Approval Procedures
Relations to Organization's Current Technology) & Criteria; etc.)

r 13 Individual Factors: Technical Competence, Risk Pro-
- pensity, Experience, Status, Skills and Personality Traits.

| | >--T---a

I I
9 I 7
Ultimate, Aggregate Dut- I Aggregate Outcomes at the Direct, Specific Oco Specific Decisions Related
comes at the National Level of the Organization of the RD/I Process at thes to Prticular RD/I Projects
Level (improved: Produc- _ (Changes in Sales, Prof its, Level of the Organization (I nitiation, Termination or
tivity, Quality of Life, Productivity, Growth Rate, (New or Improved Product, Significant Change in
Employment, and Inter- and Market Share). Reduced Process Con, Conditions for the Project)
national Balance of Transfer ef Techeology).
Trade).

SOURCE: A.H. Rubenstein, Northwestern University, 7/16/73 Revised 8/27/73)

Notation:
1) The rboxes' indicate states, such as

1 -Eisting policies, laws and regulations.
2 Existing degree of dissemination and

enforcement;
3- Existing Information State.

21 The solid "output" arrows indicate
changes of state, such as:
I -New policies, laws, and regulations;
2 Increased enforcement and dissemi

nation;
3 -Changes in awareness and information.

3) The dashed arrows indicate effects of
environmental and other factors on
changes in state.

Comment:
There are certainly other relations in the
process than those shown, including feed
backs (e.g., effects of '7' on "I1" and
effects of "4' on "I and "2I. The
model indicates the main direction of flow,
howeoer, allowing for particular stages to
be missed or enen encountered out of
sequence (e.g., 6 or 7 leading to changes
in 4, and 4 leading to changes in I and 2).
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A. BACKGROUND

About four years ago, Rolf Piekarz of the National Science Founda-
tion posed a question to staff members at Forecasting International,
Ltd. (FI), which was tantamount to asking "What is the price of
technology?" This is a little like asking the price of water; the answer
depends on where you are, the cost in the Sahara being much higher
than on the Amazon. In addressing this question we reasoned that the
price for a specific piece of technology ought to lie somewhere between
the cost of duplicating it and the economic value to the buyer, and
that both cost and value are related to the purchaser's level of tech-
nical competence. We concluded that the relationship would be as
shown in Figure 1.

When the level of the technology being transferred is high relative
to that being practiced by the recipient, the cost of his duplicating it
is very high, and the value to him is low because he cannot make use
of it. At the other end of the scale the cost of duplication is low but
the value is even lower because the recipient has something better.
In the mid-range, however, there may be a region of positive price
where the value exceeds the cost and it makes economic sense to pur-
chase the technology. Whether the price would be advantageous to
the seller is of course another matter.

Thus the cost of transferring technology is related to the recipient's
technical competence. We assume that a nation's absorptive capacity
is greatest (i.e., transfer is easiest) for technologies which are at a
level similar to those which it already practices (although this is not

*Forecasting International, Ltd., 1001 North Highland St., Arlington, Va. 22210.

(415)
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$ Cost

Area of Positive Price

Recipient's Technical Level

FIGeuBEl. Cost/value relationship for specific item of technology

the only factor to be considered). This is an intuitively reasonable as-
sumption, and there is abundant anecdotal evidence which can be in-
terpreted as offering support."

We can, of course, not make any claim for originality here. For ex-
ample, Professor Roberts used a somewhat similar model in discussing
the value of research.2 These insights now lie within the range of
"what everybody knows." Yet the concepts are hard to use in any
practical way. Just what do we mean by level of technical competence
or the level of an item of technology? What is an item of technology?
Indeed, what do we mean by technology? In studying technology
transfer, one becomes aware that there is no established quantitative
index which can be applied to assess the effect or extent of whatever
components are involved in the transfer.

Therefore, the Forecasting International study team, sponsored by
the National Science Foundation, set out to devise an index which
measures technology, or more precisely, may be used to provide a rank
ordering of disparate technologies. The object of this endeavor was to
be able to say something reasonably precise about the facility with
which technology is transferred between nations, insofar as this is
affected by the nature of the technology being transferred. That is, we
dealt at this stage only with the technological component of a process
dependent on an entire nontechnological infrastructure which may
also affect absorptive capability in the transfer function. The problem
was, then, to devise an index which ranked both the technology being
transferred and that being practiced in the host country.

1 See far example, Baranson, Jack, Industrial Technologies for Developing Economies
(New York, N.Y.: Frederick A. Praeger, 1969) also Hall, G. R. and R. E. Johnson,
"Transfers of U.S. Aerospace Technology to Japan," in Raymond Vernon (ed.) The Tech-
nology Factor in International Trade (New York N.Y.: Columbia University Press, 1970).

2 Roberts, Private Communication, 1969.
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B. INDEx DEmNmoN

We argue that such a measure should consider observable aspects of
technology and eschew such quantities as knowledge, which are not
directly observable but must be deduced from observations of technical
practices; and others, for example productivity, which are almost im-
possible to define operationally. We wished also to avoid surrogates
such as research expenditures which are frequently employed to com-
pare one industry with another. All such surrogates suffer some defi-
ciencies: research expenditure, for example, is an input to technology,
and its correlation with any actual performance tends to be unclear
and at times apparently random. The costs of research differ greatly
among countries and industries, which further complicates their use
as a measuring function. Many industries consume research results
produced by others, and also large areas of technology are not directly
fertilized by research.

In a summary publication 3 based upon this study, we defined tech-
nology as a set of integrated activities leading to the production and
distribution of physical goods. The index there derived, however, was
restricted to characteristics of the product itself and the manufactur-
ing process which produced it. We have subsequently modified our
index slightly to include some of the technology-related aspects of dis-
tribution, since distribution is a function of the technology and is too
important to be left unconsidered. As before, we have restricted con-
sideration to manufactured goods.

In developing a technology index, our task is to devise a set of
rules for selecting technology-related phenomena to be observed; a
means of scaling the observations; and an algorithm for combining
the results to yield an index number characteristic of that technology.
We require that:

1. The index number locates a given technology in a rank-
ordering of many technologies;

2. The phenomena to be observed should encompass elements in
the practice of technology and also of the transfer process; and

3. Different observers applying this algorithm should arrive at
a similar index number for a given technology.

Once such an index is available, it could be used to rank all tech-
nologies and would, in fact, serve to define the level of technology
operationally.

Since-there is no established definition of technological level or any
scheme for computing it other than an index such as we propose, we
are confronted with a dilemma. In order to validate the measurement
system which we derive, it is logically necessary to have some prior
ranking of technologies which does not itself depend on the index.
This is resolved by using the intuitive judgment of informed observers.

Psychophysicists have shown that different sets of observers can
arrive at comparable rankings for quite complicated perceptions-
national power, seriousness of crimes and prestige of professions, for
instance.4 Thus, it is logical to assume that agreement between the

$Foster, George, and Norman Nisenoff, "Development and Implications of a Technique
for Quantifying Technology," In Cetron, M. J., and H. F. Davidson (eds.) Industrial
Technology Transfer (Leyden, The Netherlands: Noordhof International Publishing. 1977).

'Stevens, S. S., Psychophysics (New York, New York: John Wiley & Sons, 1975).
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rank-ordering of technologies by independent experts (provided by
the index we shall define confers some measure of validity upon our
methodology and its results.

Our approach is based upon Professor Vernon's observation 5 that
as a product matures, the technical frontier shifts from the character-
istics of the product to those of the manufacturing process. In the early
stages of development, neither producer nor customer is entirely sure
which properties are most useful: designs tend to change rapidly, and
the customer is more concerned with performance differences among
alternative designs than with cost differences. However, as the prod-
uct matures, designs are standardized and cost becomes an increasingly
important consideration: producers introduce cost-cutting production
procedures. Frequently, this involves increasing capital investment
and reducing flexibility, but the market is by now well-defined
as to size and product requirements, so that the risk is acceptable.
Competitors enter the field, perhaps using different processes, but
eventually production methods become standardized also. When all
Producers make approximately the same product in basically similar
fashion, the technology is stabilized. Vernon's observation suggests
that any technology index must consider both product and process
characteristics.

Product and production system are somehow related to each other.
Our view as to the nature of the relationship between them is derived
from a concept developed by Joan Woodward and her associates They
studied the influence of production technology upon management
structure, and produced a nine-point scale of production measurement,
ranging from unit or small batch production at one extreme to con-
tinuous processing at the other. It was pointed out that this scale is
one of increasing technical complexity.

To a surprising degree, appropriate production method was found
to be independent of the specific product. For example, the production
of custom-made suits has more in common with other custom produc-
tion than it has with mass production of closing. The Woodward
group distinguished production of integral products (those sold by
the piece), from production of dimensional products which are sold
by weight, volume, area or other physical dimension, because the
two kinds of production present different management problems. In-
dustries concerned with the manufacture of dimensional products-
sometimes called the process industries-are particularly susceptible
to the use of highly automated continuous-flow processes.

The Vernon and Woodward insights suggest many possible factors
which might be considered as phenomena contributing to the con-
struction of our proposed index. In order to develop from these an
index yielding intuitively satisfactory results, we selected a small
number of products that were familiar to at least two FT staff members
through their having worked in the industry or having studied the
product and production process. Staff were then asked to rank-order
these technologies. For each algorithm empirically constructed, em-
ploying a subset of the candidate influencing factors, the resulting in-

s Vernon, Raymond, "Sovereignty at Bay: The Multinational Spread of U.S. Enterprises"
(New York, N.Y.: Basic Books, Inc., 1971).

G Woodward, Joan, "Industrial Organization: Theory and Practice" (Oxford, England.
Oxford University Press, 1965).
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dices were compared with this intuitive ordering. We make the as-
sumption (to be verified later) that these factors indicate activities
which must be performed in a new location when the technology is
transferred. They are system-specific in the sense in which Hall &
Johnson use that term.7

Our technology index is defined as the product of three parameters:
Technology of the product, process technology, and technology of
distribution. Each of these is in turn the product of a set of descriptors
(defined below) which indicate the technical intensity of the param-
eter, of the product being considered.

Our scaling rules and computational algorithm derive from the find-
ings of Stevens and other students of psychophysics, that perceived
the intensity of a stimulus increases as some power of the stimulus.
If observers are asked to use a descriptive scale such as high, medium
or low to rate a stimulus, they tend to treat it as a ratio scale. It has
also been found that in combining several perceptions, more appro-
priate results are produced by using multiplication rather than addi-
tion.

Consequently, in applying this and various other algorithms tested,
the team members were asked to rate product and process elements on
a four-point adjectival scale-High, Moderate, Low or Negligible-
according to a set of judgmental criteria provided to them as a result
of earlier "brainstorming." These ratings were converted to numeri-
cal values using a ratio scale (8,4, 2, 1).

Once the criteria are developed, this approach is very practical
since evaluators assign values rapidly without dithering over mar-
ginal differences. Efficiency was an important consideration because
we calculated index numbers many times trying different sets of ele-
ments before settling on the present group. The definitions of the
elements finally selected, and criteria which were employed in making
the judgment, are detailed in the following paragraphs.

1. Product Demcriptor8

(1) Sd-Technical Difference Among Products of Competing
Suppliers

This factor was chosen on the assumption that extent of technical
difference is related to the state of maturity of the products. If the
differences are large, the product technology has not yet "settled
down."

Rating Interpretation Examples

Negligible-I point -Competing products are fungible, dif- Commodity chemicals; most consumer
ferences are matters of taste or style. dispcsables.

Low-2 -Differences among competing products are Specialty plastics.
noticeable, I.e., product uniformity, but
changing supplier does not require user
to make significant change in methods.

Moderate- -.- Technical differences are large. Changing Reforming catalysts.
supplier Involves a learning cost to user.

High-8 -Unique product from each supplier.

7 Hall, G. R., and R. E. Johnson, op. cit. in footnote 1.
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(2) T.-Service Technological Content

This factor is intended to measure the technological content of the
service which accompanies the product. Service can range from the
provision of simple written directions, through training of service
maintenance personnel, to assistance from highly trained applications
engineers. It is included here rather than under distribution under the
assumption that "product plus service" constitutes a product package.

Rating Interpretation Examples

Negligible-I point -Service consists of little more than written Consumer disposables basic chemicals.
direction on package, or occurs only at
time of initial contact between supplier
and user.

Low-2 Product service-supplier maintains stock Automobiles; Machine tools.
and spare parts, offers repair service,
routine trouble shooting.

Moderate-4 ------------- Technical service-product service with Specialty plastics.
laboratory or engineering support.

High- -Product development-supplier continues Custom-designed machinery-special
to interact with user to develop products purpose computers, construction
tailored to his needs. equipment

(3) R 0 -Rate of change

This parameter is intended to indicate that rate at which a product
is supplanted by improved versions or its function assumed by differ-
ent product. It measures the technological intensity of the product
field.

Rating Interpretation Example

Negligible-I poinL- Product life measured in decades except Nails; basic chemicals.
for fashion and style changes.

Low-2 -Product changes occur at regular intervals Automobile engines.
but are usually minor, e.g., redesigns to
introduce new materials or style changes.

Moderate-4 ---------- Product changes occur at regular intervals Large computers.
(2-10 yr) and change involves substan-
tial redesign.

High-8 -Significant changes occur erratically but Hand calculators.
with an average frequency of 2 yr or less.

2. Process Indicators

(1) P.-Production system

This element is taken to indicate the technological content of the
method of production used.

Rating Interpretation Examples

Unit/small batch-I point - Production of units to customers' require- Television transmitters.
ments. Production of prototypes. Fabri-
cation of large equipment in stages. Pro-
duction of small batches to customers'
orders.

Large batch-2 ---------- Production of large batches. Production of Readymade clothing; machine parts;
large batches on assembly lines. Inter- paint.
mittent production of chemicals in multi-
purpose plant.

Combined-4 -Process productionofcrystalline substances, Drugs.
subsequently prepared for sale by
standardized production methods. Pro-
duction of components in large batches
subsequently processed continuously

Mass- -Continuous flow production of liquids, gases, Petrochemicals, paper, carbboard boxes
and crystalline substances. Mass pro- nails, screws.
duction.
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(2) Mf-Material form

This factor is included to take account of the fact that it is inherently
simpler to process materials in bulk form (dimensional products) than
it is to process discrete units. No ranking equivalent to 8 (High) is
provided because none is required for this factor. This does not of
course affect subsequent comparative and combinatorial compitations.

Rating Interpretation Examples

Fluid-I point -Material is handled predominantly as fluid Petrochemicals.
or free-flowing solid throughout produc-
tion process.

Bulk-2 -Materials are handled largely as dimen- Wire or film; nutb and bolts; resistors.
sional solids, or in bulk form.

Integral-4 -Material is handled as integral units Automobile assembly.

(3) Qm-Quality Maintenance

This factor is included on the assumption that expenditures for qual-
ity maintenance, as a proportion of total product cost, are a measure
of the difficulty of the production task. We use the term quality mainte-
nance rather than the more usual quality control because we wish to
include such cost items as the provision of dust-free atmosphere, as well
as product and material testing.

Rating Interpretation Examples

Negligible-I point -Observe standardized manufacturing pro- Fertilizers; foodstuffs.
cedures with routine check of machine
settings. Visual inspection of product
Good housekeeping procedures to avoid
contamination.

Low-2 -As preceding but coupled with product Machine parts.
inspection using go/no-go gages on sta-
tisti cal sample.

Moderate-4 - Continuous monitoring and adjustment of Chemicals: active electronic com-
process equipment. May be coupled with ponents.
"on-line" gaging of product.

High- -As preceding but coupled with performance Drugs; computer circuits.
testing of all products. Careful control of
operating environment where necessary.

3. Dightibution Indicators

(1) Et-Technological Evolution

This factor is concerned with the producer's efforts to obtain tech-
nologically differentiated products. Most industrial product research
is of this nature. It is assumed that technological rivalry is most in-
tense when a technology is evolving rapidly, and when the technology
is sufficiently rich and complex to offer unexploited opportunities.

The factor is included as a distribution indicator because it strongly
affects a company's marketing strategy.8

8 Stopford, John M. and Louis T. Wells, Jr., "Managing the Multinational Enterprise
Organization of the Firm and Ownership of the Subsidiaries" (New York, New York:
Basic Books, Inc., 1972).
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Rating Interpretation Examples

Negllgible-1 point -Little or no continuing effoit -Basic metals; most consumer goods.
Low-2 -Product improvement-periodic reformu- Office machinery; synthetic fibers.

lation and redesign or continuing effort
to obtain marginal quality improvement.

Moderate-4 -- Market development-continuing effort to Large computers.
extend product line or increase applica-
tion.

High-- New technology-continuing effort to intro- Solid state electronic components.
duce new technological concepts.

(2) D.-Distribution Chain

This indicator is concerned with the technology content of the dis-
tribution chain, e.g., the level of training required by those involved
in selecting the product.

Rating Interpretation Examples

Negligible-i point- Not applicable because product is con- Most consumer products.
sumed by producing firm or selection
requires only basic skills such as ability
to read directions.

Low-2 -Somewhat specialized distribution but ade- Automobiles.
quate knowledge is acquired on job or
with a few weeks formal training

Moderate-4 -Selection of product requires interaction Industrial equipment; ethical drugs.
between technically trained representa-
tives (engineers or equivalent) of buyer
and seller.

High- - Selection of product involves interaction of Special purpose controllers.
highly trained representatives (advanced
degree) of buyer and sellers (tab-to-lab
selling).

(3) Mt-Market type

This factor is viewed as a kind of intensifier, the assumption being
that distributing a technologically intensive product becomes more
difficult as the market becomes larger and more complex.

Rating Interpretation Examples

Negligible-i point -Internal consumption or few specialized Transfer machines.
purchasers.

Low-2 Industrial product used in variety of Polymer raw materials.
Industries.

Moderate-4 -Wide use among many customers - Building materials; synthetic resins.
High- - Consumer product -Automobile.

C. PoLIcY APPLICATIONS

This section addresses, by means of three case studies, the question
of how a technology index can be applied to illuminate some issues of
technology policy. One such issue is identified by the term "La De-
pendencia," and is exemplified by consideration of the following
example.

1. Automobile Tire8

Consider Acme Rubber, a relatively small U.S. producer of tires,
which found it had to establish foreign affiliates if it was to maintain a
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satisfactory rate of profit growth. It lacked the capital to establish
wholly owned subsidiaries, as its larger competitors were doing, but
even if this were not the case competitors were already entrenched in
the most attractive markets. Acme approached its problem by learn-
ing to operate in South American, Asian and African countries by
establishing tire companies in which it has little or no equity.

Acme offers three services to countries which want to manufacture
tires domestically: Contracts to design and build a plant; management
contracts; and technical agreements.

(1) T'urnk~ey plant.-If Acme decides the local market can support
a factory it will design the plant, purchase the equipment, train the
operating staff and in general do all the many things necessary to put a
local firm in business. The package includes immense amounts of de-
tailed information on formulation operating procedures, names and
locations of suppliers of materials and equipment, etc.

(2) Maiuzgemnent contract.-If the local affiliate wants to retain this
relationship with Acme, the U.S. firm offers to locate three top execu-
tives-to head production, marketing and finance-who will manage
the local firm's business. The contact with Acme is minimal; the local
managers send five-year plans which are updated annually and peri-
odic reports on company performance. If the plans appear sound and
progress is according to plan, U.S. Headquarters does little more than
send congratulations. However if Headquarters spots a discrepancy-
e.g., the five-year marketing plan indicates a plant expansion is neces-
sary but the financial plan makes no provision for capital expendi-
tures-or if performance is falling off, then Headquarters will seek
to find the reason and offer assistance. This may mean sending a dele-
gation to local government officials to convince them to allow the
company to raise prices. It may also require that the U.S. firm re-
survey local markets to determine if conditions have changed in some
way that the local firm is not considering.

(3) Technical agreement.-Acme offers its affiliates assistance in
solving any technical problems that they may encounter. These arise
frequently because of changes in raw material, product design and the
like. Making even apparently minor changes in tires frequently en-
tails extensive testing on costly equipment which is difficult for a small
plant to finance. Acme, however, can spread the cost among its own
operations and those of all the affiliates who enter the technical agree-
ment. In addition the company has had years of experience solving
most of the problems an affiliate is likely to encounter, so the technical
agreement is attractive to affiliates. Acme makes it more so by offering
complete access to technical information on any product Acme pro-
duces excepting only those in the research and development stages.

Table 1 uses our proposed index to contrast the level of technology
practiced by Acme in the U.S. with that practiced by an affiliated firm.

Acme transfers a great deal of technology under its agreements. If
the host country is poorly industrialized, as most are, the pools of fac-
tory labor and of middle management are augmented appreciably. The
firm has acquired not only the special skills required to build tires but
also some (e.g., production scheduling) that are more widely applica-
ble. The imports of the country are reduced by an amount approxi-
mately equal to the value added by manufacture. However the host
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TABLE I

Rating
Indicator United States Affiliate

1. Technical difference Sd- 2 22. Service technological content, T.-4 23. Rate of change, R- 2 2
Total product rating - 16 8

4. Production system, P.. - 2 25. Material form, Mf -2 26. Quality maintenance, Q - --------------------------------- - -------- 2 2
Total process rating 8 8

7. Technological evolution, E -2 18. Distributon chain, D_- 2 29. Market type, M,-

Total distribution rating -16 8
Total technology index -1,048 512

does not acquire the full technical service or product evolution capac-
ity, and this means it does not acquire the capacity to cope with change.
Without this the affiliate cannot hope to compete in world markets norindeed to remain competitive in its home markets without protection
by means of tariff barriers or restrictions on new entrants.

After the first flush of enthusiasm passes, the Government of the
host country may not find the bargain so attractive. It will note the
continual drain on reserves of foreign currency and may conclude it
is paying dearly for "handbook technology"-not a one-time entry fee
but a continuing monopoly rent. In the short range the country has no
choice, and recognition of its technical dependence and lack of palata-
ble alternatives makes for anger and bitter frustration.

To escape this dilemma the country has to develop its technical
resources. The index suggests that what is needed in this instance is the
acquisition of skills and capabilities in down-to-earth formulation and
testing. The host country should forego basic research such as elegant
programs to study the rheology of elastomers.

2. Cons~umer Electronics and Automobile8

Consider the examples of more "sophisticated" products such as au-
tomobiles and television sets, which are still not representative of
what is usually termed "high technology". The United States in recent
years has had a negative balance of trade in both these areas. As shown
in Table 2 neither of these products has an especially high index, and
technology is not an impassable barrier to foreign entrants into the
market. More than that, the index implies that it will be difficult for
any producer to obtain a position of technological leadership since in
both cases the technology has become mature. (Note that we are still
talking about technology only, not quality of management or market-
ing skill which also affect commercial success.)

The index is a little misleading in this instance, however, since it
does not take account of the level of technology of product components
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TABLE 2

Rating

Indicator Automobiles Television sets

1. Technical difference, Sd - --- _-_-_----------------------- 2 2
2. Service technological content, T.- 2 2
3. Rate of change, R- 2 2

Total product rating - 8 8

4. Production system, P.- 2 2
5. Material form, M ------ 4 4
6. Quality maintenance, Q,,- 2 2

Total process rating -16 16

7. Technological evolution, E -2 2
8. Distribution chain, D- 2 2
9. Markettype, Mt ---------------- 4 4

Total distribution rating --- -------------------------------- 16 16

Total technology index- - 1,048 1,048

or the tools required to make them. Some will have a higher rating
than the products themselves. This is to say that a plant to assemble
automobiles and TV sets from purchased components could be estab-
lished in a country having a relatively modest industrial base. Making
some key components, e.g., engines and picture tubes, however, is
more demanding.

The index implies that the deterioration of the U.S. trade position
in automobiles and TV receivers is not indicative of inferior U.S. tech-
nology. Rather it suggests that the technology is mature and readily
available to any industrialized country. Government policies which are
keyed to stimulating U.S. technology are unlikely to improve the U.S.
trade position in this particular market segment. U.S. producers,
however, can expect to cut production costs and make product im-
provements through technical advances. Unfortunately since the tech-
nology is rather mature, foreign producers can copy and commercialize
such developments about as rapidly as U.S. firms.

3. National Championm: The Case of Large Computers

Many countries envy the United States' domination of world trade
in large computers and would like to establish a national champion
like IBM. In this case the technology is a formidable barrier to new
competitors; a new producer has to master an intricate product tech-
nology, a stringent production technology and a technologically inten-
sive distribution system. In addition the field is moving so fast that
technological leadership is a real advantage. This is in distinct con-
trast to the previous examples.

The index rating for large computers (see Table 3) implies that a
nation which wants to develop a national champion to compete with
IBM needs to develop a broad technology-based strategy which in-
cludes product design, manufacturing and distribution. o single de-
velopment will suffice.
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TABLE 3

Rating, largeIndicator 
computers

1. Technical difference Sd-------------------------------------------------- 82. Service technological content, T.-- 43. Rateof change ---------------------------------------------------------- 4

Total product rating -128
4. Production system, P. --
5. Materialform, M- 46. Qualitymaintenance, Q, -------------------------------------------------------------- 8

Total process rating -32

7. Technological evolution, Et 48. Distribution chain, De -2--- -- - 49. Markettype, Mt -_---------------------------------------- 2
Total distribution rating -32

Total technology index ---- ------------------------------- 131, 072

D. CoNcLusIoNs

1. Utility of TI8s Concept
A technology index such as we have discussed in this paper can be-

come an important tool for those concerned with technology policy.
The index has two virtues:

In providing an operational definition of technology, it offers
analysts and policymakers a baseline or reference point for their
discussions. This should help to minimize the confusion inherent
in such nebulous terms as high technology.

It distinguishes and points up the differences among technolo-
gies. Thus it facilitates tailoring policies and strategies to the re-
quirements of specific situations, as demonstrated by the case stud-
ies of the previous section.

However, recognition of the utility of such a concept both for those
who formulate policy and for those concerned with the best methods
of implementation, is only the first step. All that we have presented
here is a "broadboard" model index rather than a finished mechanism
to provide inputs for decisionmaking. Considerable refinement is
needed.

2. Limitations of Research to Date

The index as here defined is supported by a meager data base. It
would be desirable to increase this substantially by accumulating de-
tailed information on industrial practices here and abroad to discover
if they fit comfortably into this schema. Indexing methods have pro-
crustean tendencies and it is well to know the limits of whatever schema
is being used. Whether something "fits comfortably" into a system is,
obviously, a matter of subjective judgment and at present we see no
way to avoid subjectivity in estimating technical level. It would be of
value, however, to incorporate judgments of people who are expert in
the particular technologies being considered. There are various means
of achieving this, but the end result is an agreed-upon ranking of tech-
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nologies and technology elements. With this kind of data it would be
possible to:

Test the indexing schema for completeness and consistency.
How much does it explain? What are the anomalies?

Weigh the index elements. For example, which is the more im-
portant descriptor, technological evolution or distribution chain?

Devise a method of including the technology ratings of compo-
nents in the rating of the final product.

A significant limitation was also imposed, at an early stage of the
research, in the decision to concentrate on characteristics of the tech-
nology (see Section B of this paper). Clearly there are other factors,
including societal differences 9 and perceived needs/desires of both
donor and recipient institutions or nations, which will play a domi-
nant role in determining the "absorptive factor" in specific instances
of technology transfer. The influence on motivation and leadership is
well illustrated in the consequences of the decision by Japan in 1867
to adopt a deliberate policy of absorbing western technology. It may
well be, however, that unless and until equivalent indicators can be
identified in nontechnological areas, the only means of determining in-
place capability to absorb new technology will be a detailed examina-
tion of what has already been accomplished in this regard.

E. SummRr

Technology is of ever-increasing significance in our development of
national policy. The technological status of the U.S. and its implica-
tions for our national welfare are receiving attention at all levels of
government and industry. This is a highly complex issue, and the con-
cern of governmental policymakers is currently manifested by the ex-
amination of various aspects of the problem by House and Senate
Subcommittees, the Congressional Office of Technology Assessment,
the National Security Council, the Office of Science and Technology
Policy, the International Trade Commission, the National Science
Foundation, and the Departments of State, Defense, Treasury, Com-
merce and Labor.

In testimony 10 before the Stevenson Committee (Joint Hearings by
the Senate Subcommittees on Science, Technology and Space, and on
International Finance) Dr. Bruno Weinschel, IEEE Vice President,
emphasized that two of the primary characteristics of technology are
that it grows and it moves. It seems inevitable that, in a more closely
intertwined world, technology transfer will be more frequent, more
sought-after, more costly-and more controversial."1

' For instance, in the example reported in the previously cited Hall and Johnson study,the point was made that employment by a large Japanese firm Implies a lifetime commitmentwhich results in a higher number of labor hours per unit of output titan are technically
required, or typically observed, in the U.S. Another example of differences of national
outlook arose in that study over quality control. To give their decisions the ring of
authority, and to save face among workers whom they implicitly "criticized," Japanese
inspectors had to be given a higher rank in the corporate organization than their U.S.
counterparts enjoyed.

15 Statement by Dr. Bruno 0. Weinschel on behalf of The Task Force on U.S. Innova-tion in Electro-Technology of the U.S. Activities Board. Institute of Electrical and Elec-
tronics Engineers, Inc.. concerning U.S. High Technology: Impacts on U.S. Policy Affect-
ing World Markets, May 16, 1978. Prepared under subcontract by Forecasting Inter-national.

U Kleiman, Herbert S., and William M. Jamieson, "Two Faces of international Technology
Transfer," A Batelle Special Report Batelle Today, No. 10, November 1978.n

56-367 0 - 81 - 28
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Development of adequate criteria for assessment of the implications
of such transfer, and the efficacy and/or desirability of measures of
control, can occur only following a structured and focused effort to
understand the nature of technology and its characteristics, and the
relative importance of these characteristics in contemplated instances
of technology transfer. An index of the nature discussed in this paper
is of major significance to such an effort.
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ABSTRAoT

Technology has, in part, shaped the American lifestyle. Innovation
has become basically "technology driven"-new products and proc-esses are developed because the know-how and expertise are avail-able rather than in response to a defined need. These sophisticated,
standard technologies have alleviated certain problems and createdothers. As economic, social, environmental, and cultural stand-ards have changed, new and different demands are being made by thepublic. In recognition of this situation, innovation in small-scale tech-nology is becoming a part of the U.S. scientific and technological
endeavor. Small-scale technologies are generally labor-intensive, uselocal materials, are easy to maintain and repair, require minimalcapital investment to acquire and operate, and utilize renewable orabundant resources. These technologies also tend to foster self-reliance
and decentralized decisionmaking. They offer an alternative mecha-nism to reach an objective or meet a demand. In pursuit of economicgrowth a balanced approach to both standard and small-scale innova-tion is necessary. Innovation in small-scale technology offers a dif-ferent perspective on the process of invention but it does not preclude
nor deny the importance of traditional practices. It is a way of react-ing to the increased demand for understandable technology, for tech-nology over which the individual has control, and for technology
which reflects individual needs and the requirements of the local en-vironment. By expanding the type of technologies available throughinnovation, the store of technologies from which to select and meetthe demands of a changing society can be increased.

INTRODUCTION

Innovation is a vital component of American economic growth and
prosperity. As such, it is a topic which has received considerable atten-

*This paper was prepared by Wendy H. Schacht of the Congressionai Research serviceand does not necessarily represent the views of the CRS.
(429)
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tion both in Government policy and intellectual research. Up to the
present, the emphasis has been on the development of increasingly
sophisticated, complex technologies; but new ideas are emerging which
are gradually beginning to take shape and be acted upon. These ideas
embrace the concept that alternatives to standard technologies must be
developed; different products and processes which can address some
of the problems conventional technologies have either created or failed
to alleviate.

As our environment and values change, as our lifestyles are modified,
and as new demands are developed, the concept of alternative, small-
scale technology is beginning to enter into the collective consciousness
of the population. Innovation for this type of technology has been
slow to gain recognition but it is nonetheless a force which is growing,
solidifying, and gaining acceptance throughout the United States.
This paper attempts to convey why this is occurring, what activities
compose this approach, and how small-scale technology contributes to
the American economic, social, and technological well-being. This
paper is not an extensive, all inclusive dissertation on the subject nor
does it take into consideration all arguments for and against innova-
tion in small-scale technology. Rather, it is designed to be a "think
piece," reflecting various ideas which have been expressed on an alter-
native approach to innovation as discussed in other chapters of this
volume.

INNOvATION IN ADVANCED TECHNOLOGY

The products and processes resulting from innovation have altered
the American way of life throughout its history. Americans have pro-
gressed from an era where the major portion of a person's waking hours
were spent in the factory to the service economy, based upon automa-
tion, where leisure time is made available by our dependence on
machines and sophisticated technologies to complete tasks. This has
augmented dependence on increasingly advanced, sophisticated tech-
nol ogies.

The present direction of U.S. innovation and technical development
was determined in a period when labor was scarce and monetary and
material resources appeared limitless. The current technologies which
have been the basis of economic growth are capital intensive. The
patterns of manufacturing and production are energy and resource
intensive. The success of an invention is measured by the efficiency
it engenders-the lease time and/or money spent in production or the
time and/or money saved by utilization of the technology. This empha-
sis on efficiency has led to a dependence on mass production with its
economies of scale, advanced technologies, and characetristics of cen-
tralized planning, automation, and rigidity (i.e., few adaptations to
local needs and/or resources).

The increasingly sophisticated nature of technology has occasiond
centralization in both decisionmaking and production. The interre-
lated qualities of the technological infrastructure and the myriad of
inputs on which decisions have to be based, require policymaking on
an aggregated level. Factors involved in mass production, economic
efficiency considerations, industrial development, comminercialization,
and use of economies of scale all necessitate a centralized mode of
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planning on a broad scale. Also contributing toward the aggregation
of the decisionmaking process is the esoteric nature and high degree
of complexity associated with these technologies and the specialized
expertise necessary for innovation.

The innovation environment has become basically technology driven.
Products and processes are often developed because the know-how or
expertise exists; because resources are available; or because "new" is
believed to be better. This activity is variously described as "technology
push" or the "technological imperative"-the development of tech-
nology because it is feasible. This is in contrast to "technology and/or
demand pull," the development of technology to meet a specific need
or to provide a solution to a defined problem. In the technology push
situation, industry subsequently must create a demand for the new
technology and convince the public that it is desirable, encouraging
and promoting the (often wasteful) consumer society.

CHANGING ENVIRONMENTS AND VALUtnEs

The lifestyles dictated by Western patterns of technology utilization
have induced alterations in the environment which require further
innovations and approaches to meet the changing needs of society.
The factors which have led to the evolution of the current tech-
nological direction are beginning to change. Consequences of the use
of these standard technologies have affected the technological milieu
and have created new situational constraints on innovation and tech-
nology. The resource-intensiveness of the system has increased prices
and depleted the store of inputs to production. The reliance on conven-
tional fuel sources and the large amounts of energy consumed in the
manufacturing and use of technology has led to declining availability,
dependence on foreign nations, and the growing realization that many
U.S. resources may be critically depleted in the near future.

The environment which promoted capital intensiveness in technol-
ogy or the purchase of equipment cannot be considered a foregone con-
clusion. Capital for investment in innovation is increasingly expen-
sive and scarce. Concurrently, labor has become relatively abundant
and under- and unemployment is a continuing problem. Economic
efficiency criteria for determining the value of the technology is being
challenged. Technological innovation in automation to achieve effi-
ciency is seen as a contribution to increased under- and unemployment
and its concommitant social and economic problems. Unions continue
to resist the use of technologies which replace the worker in the produc-
tion process. Pride in individual craftsmanship and individual
achievement again may become valued in place of mass production
which has tended to induce boredom through repetition and the "I
could care less" attitude of the factory employee.

Social, philosophical, and value concerns are in transformation and
they are affecting the economic and technological condition. The move-
ment away from the cities and back to the rural and semi-rural areas
of the country reflects this situation. The back-to-basics philosophy
which has accompanied this trend is a rejection of the notion that the
most sophisticated and efficient method or technology is always the
most desirable. Also of consequence are the environmental and social
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effects of technology. Symbiotic with this philosophy are various laws
and regulations (such as air and water pollution requirements) which
mirror society's concern for the environment and which demand new
directions in technology.

Of interest to a large number of citizens is the control over the choice
of technology. The forces of centralization which have been embodied
in current technologies controlled largely by corporations are under
scrutiny. While much of the decisiomnaking associated with sophis-
ticated products and processes must be made on an aggregate level due
to their complex nature, there are forces pushing for more local and
individual control over technology. Demand is increasing for technol-
ogies which can be operated and utilized by the individual consumer.
This quest for expanding the choice of technology and decentralizing
the process has spurred the interest in innovation for alternative,
small-scale technologies and opened up a new field of invention for
the entrepreneur.

SmALL-ScALE TECHNOLOGY

New and different types of innovation are appearing in response to
the various trends which are generating new requirements for tech-
nology. Events suggest that new approaches are enhancing economic
and social well-being. Basic to this are so-called "small-scale technol-
ogies" which are being developed, accepted, and utilized in addition
to the standard sophisticated technology which Americans have grown
accustomed to. This type of technology is generally labor intensive,
utilizes local materials, is relatively easy to maintain and repair, and
requires minimal capital investment to acquire and operate. These
technologies generally use renewable or abundant resources and are
not destructive to the environment. Because of these characteristics,
small-scale technologies often allow for self-sufficiency and decentral-
ization, both in terms of decisions to use the technology, as well as in
the actual utilization of the product or process.

Examples of appropriate technologies are numerous. They span the
everyday range of activities from hot water heating and cooling of
homes and businesses by solar energy, to integrated pest management
on farms using biological methods as a substitute for chemical insecti-
cides. Other appropriate technologies include tillage and cultivating
equipment compatible with small tractors utilized on small family
farms and anaerobic digestors to produce gas for fuel for heating and
generation of electricity for production. Passive energy conservation
methods-insulation and window placement-are also considered
within the range of appropriate technologies, as are wind driven irri-
gation pumps and electrical generators.

Small-scale technology is not secondhand or left-over technology,
nor is it ineffective because it does not utilize or create economies of
scale or promote efficiency in the standard definition of the word. Small-
scale technologies are new, innovative ways of developing and/or
applying technology to meet defined needs ("technology pull"). They
are "demand driven" as opposed to standard technologies which often
appear to be "technology driven", as discussed previously. Thus, the
crisis in conventional energy sources has established a need for new
forms of energy and new manufacturing processes which utilize fewer
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or different fuels. Small-scale technologies such as wind and solar en-
ergy have been developed and are being utilized to heat and cool homes,
dry crops, and generate power. Environmental problems associated
with manufacturing have stimulated development of new small-scale
technologies which have less adverse impacts in terms of pollution and
resource use. Labor-intensive technologies generally do not generate
the industrial waste which industrial technologies tend to accumulate.
The demands of the small farmer, for example, have spurred innova-
tion in farm tools and machinery which are within the financial and
technical capabilities of the individual but which are also effective in
preparing, planting, and cultivating crops. Human needs which have
not been satisfied by mass-produced "high technologies" have encour-
aged the invention and development of new approaches, products, and
processes.

INNOVATION IN SMALL-SCALE TECHNOLOGY AND THE ECONOMY

The traditional processes, problems, and prospects of industrializa-
tion have been discussed elsewhere in this study. Many of these con-
cern the amounts of time, money, and resources which must be com-
mitted and the concommitant risks invloved. Innovation of small-scale
technology offers opportunities and advantages different from those
generally associated with large-scale industrialization. The nature of
small-scale invention as defined here provides alternative approaches
and solutions.

Innovation in small-scale technology can be readily undertaken by
the individual entrepreneur. It offers the chance to be creative with-
out requiring a major commitment of resources. Lesser amounts of time
and money are involved relative to industrialized technology because
of the basic characteristics associated with small-scale technologies, in-
cluding the use of low-cost, readily available materials and the em-
phasis on adaptation. This often reduces the amount of risk involved
with innovation. In addition, the time frame of small-scale innovation
is often shorter than that of standard technology, generally allowing
for a quicker return on investment and a decreased amount of time be-
tween need definition and product commercialization or use. The ex-
tent of change and the time necessary to make adaptations are mini-
mized as the level of technical sophistication is decreased.

The decentralized nature of small-scale technology and the innova-
tions associated with it can be of major relevance to the patterns and
promotion of economic growth. Small-scale invention is suited to the
application of technology to local problems as needs are identified.
The relatively noncomplex nature of these products and processes al-
low for small alterations as local conditions demand new technical ap-
proaches. This encourages decentralized decisionmaking. The adapt-
ability inherent in these technologies encourages local or individual
choice both in the technology and/or in the form of innovation to de-
velop a new technology. The relative low cost, the relatively easy main-
tenance, and the reliance on new forms of application of technology,
increase the number and range of technologies which are within the
reach of the individual and increase the technical options, from which
to choose.
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Decentralization and self-sufficiency are further enhanced by in-
novation in the area of small-scale technology because there is no
necessity for the specialization required to select, apply, and operate
sophisticated industrial technologies. Decisionmaking has become con-
centrated in certain organizations and institutions in part because the
extensive specialized knowledge necessary for utilizing standard tech-
nologies can be acquired only through high levels of training, often
provided through those organizations or though expensive education.
The relative simplicity of small-scale technologies and the ability of
the owner/operator to provide upkeep and maintenance, however,
makes such expertise relatively useless and increases the measure of
self-sufficiency associated with the use of these types of technology.

SMALL-SCALE TECHNOLOGY AND THE PUBLIC

The public is growing increasingly reluctant to accept the "tech-
nology-push" process of the industrialized, consumer society. Citizens
are beginning to exert control over the choice of technology and, in-
directly, over the direction of development. They are expressing envir-
onmental as well as economic and social concerns as these relate to the
use of technology. The make-up of the consumer sector is being trans-
formed. Government regulations and restrictions are increasing. Activ-
ities of the business sector, provider of capital and investment, are
being modified. Big no longer exclusively means better. The growing
frustrations involving technology and its apparent inability to provide
a panacea for public problems have spurred an antitechnology attitude.
But it has also encouraged the development of new types of tech-
nologies, of different products and processes which are responsive to
changing societal attitudes and needs and which can serve as alterna-
tive methods and mechanisms for accomplishing an objective or per-
forming a task. The increased demand for understandable technology;
technology over which the individual rather that the specialist or
corporation has control; technology which can reflect individual needs
and the requirements of the local environment has created a growing
interest and participation in small-scale innovation.

It must be recognized, however, that neither standard technologies
nor small-scale technologies alone can address the economic and social
requirements of a complex American society. While the concentration
on industrialization spawned the back-to-basics movement, it has also
brought us tremendous achievements in many areas. It is unrealistic
to assume that the country would reject the benefits which industrial-
ization, science, and technology have brought and substitute small-
scale technologies. Yet, these alternative products and processes serve
vital segments of the population and meet various defined social and
economic needs. What appears to be necessary now is a balanced ap-
proach to technology-the support of innovation in all technical areas,
large and small, that will offer a choice of mechanisms to achieve an
objective or meet a demand. Through innovation and by broadening
the store of a wide range of technologies at all levels of complexity, the
United States can increase its chances of being able to meet society's
needs while maintaining economic growth and development.
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IMPLICATIONS

Governmental recognition of the commitment to and the extent of
innovation in small-scale technology has been rather slow. The institu-
tional mechanisms to promote innovation are generally directed to-
ward highly sophisticated industrial technologies. Research on innova-
tion also focuses on advanced technology, as do recommendations for
an improved innovative environment. However, popular acceptance of
the concepts and characteristics of the small-scale approach is forcing
a reevaluation. While invention of this type may avoid many of the
problems associated with industrial innovation, some of the issues are
similar if not as extensive.

Small-scale innovation is a growing phenomenon. It is being per-
formed despite the lack of recognition in many institutional circles.
The issue raised is whether there is a role for the Federal Government
to play in encouraging, promoting, and/or supporting invention of
this sort. There is precedent for such activity, especially in the develop-
ment of alternative energy technologies by small business. However,
careful consideration is in order-too much Government regulation
and intervention in the private sector is one of the major barriers to
innovation. Too often, Government activity has unexpected, detri-
mental consequences.

What needs to be achieved is a way of assisting the entrepreneur
in a manner which does not restrict his innovative inclinations and
which nonetheless permits the timely commercialization of new,
responsive technologies. Whether Government activity should be used
to encourage this is still open to question. Yet, innovation is of benefit
to the public only when it is available on the marketplace-an idea
which cannot be commercialized assists no one. Technical, as well as
financial, assistance through the Government or the private sector
(possibly encouraged by an improved set of Government policies)
can expand development of the small-scale technologies which have
been able to satisfy many of the new and increasing demands of our
society.

The United States is in a state of transition. It has moved from sim-
ple technologies, to complex industrial products and processes, to the
uncertain position it now occupies. There are many indications that
innovation is lagging. The Nation's economic outlook no longer looks
as bright as Americans would like, and the country is having consider-
able difficulty meeting its societal needs. The United States cannot
go back to the primitive technologies of pre-industrial existence-
nor is the Nation able to address all of the new problems it has en-
countered with the application of more complex, more sophisticated
technology. America needs a balanced approach-innovation in all
areas of technology and on all levels of complexity. In this way, the
store of available technologies from which to choose can be expanded,
thereby increasing our chances of meeting the demands of American
society through continuing economic growth and development.
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ABSTRACT

Public demands and Federal regulations are placing increasing
responsibilities on State and local governments. Concurrently, budget
limitations are constraining the amount of resources that these jur-
isdictions can spend meeting the needs of their citizens. One solution
to this dilemma is to increase the productivity and effectiveness of
public goods and services through the application and utilization of
technology. This process-labeled "public technology" in the State
and local sector-affords a mechanism to foster new innovation to
supply solutions to State and local problems. Non-national jurisdic-
tions, however, generally are not receptive to innovation. Compound-
ing this situation, the State and local marketplace is characterized by
a proliferation of policies, practices, and organizations which, when
combined with an apparent lack of technical expertise, leads to a
"no-risk" environment. Because of the absence of an aggregated
market, industry has tended to avoid participation in the public
technology venture.

The private sector remains apparently unconvinced that there
would be a sufficient return on investment in technology specifically
designed to meet the needs of these jurisdictions. To fill the gap be-
tween what States and localities need and what technological solu-
tions are available, the Federal Government has created various
technology transfer and technical capability building programs. Yet
it appears that industry could be attracted to innovation in the State
and local arena if markets could be identified and aggregated. This
would encourage industry competition for new technological in-
novations to assist State and local governments to meet the needs of
their constituents. The Congress, although interested in innovation,
has not devoted extensive attention to the impact of the public tech-
nology market on the U.S. economic situation. Among the options

This paper was prepared by Wendy H. Schacht of the Congressional Research Service
and does not necessarily represent the views of the CRS.
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available, Congress can provide technology transfer guidelines and
support executive branch efforts to improve the technical capabilities
of States and localities so that these jurisdictions can offer an addi-
tional outlet for innovation in industry.

THE PUBLIC TECHNOLOGY SECTOR

State and local governments are experiencing unprecedented and
increasing demands for the expanded provision of improved goods and
services. Federal legislation has given State and local jurisdictions
broad responsibilities in carrying out Federal mandates. At the same
time that demands are expanding, budget cutbacks and worsening
economic conditions in many areas are diminishing the amount of
money and personnel available to meet these needs. In response to
this, various initiatives involving the application of technology are
being explored, proposed, and instituted to alleviate several of the
constraints under which State and local governments find themselves.
Among these activities are the transfer of technology from the Federal
Government to non-national jurisdictions, technology transfer from
the private to the public sector, efforts to improve productivity in State
and local units, and the development of an increased innovative ca-
pacity in non-Federal Government organizations.

Many State and local officials are looking for technological solutions
to the myriad of problems confronting them. This search has led to the
rise of "public technology"-the adaptation and utilization of new
or existing technology to public sector needs. The application of tech-
nology to State and local services is a complex and intricate procedure
which encompasses many variables, but the crucial element is the actual
utilization of the technology. Technology transfer is the process where-
by States and localities can acquire technology useful or necessary for
the more expeditious provision of public goods and services. The utili-
zation of this technology may be the basis for improved governmental
productivity and service effectiveness through innovation-the crea-
tive use and application of technology. The public technology en-
deavor is a mechanism to foster new innovation necessary to supply
solutions to State and local problems and to meet new and revised
requirements for goods and services.

The innovation process at the State and local level mainly involves
the technology transfer process culminating in the application and
use of technology. Technology transfer is the activity whereby a
product or process developed in one area is utilized in another area
or for another purpose. The transfer of technology from the public
to the private sector or vice versa, from one governmental unit to
another, or from industry to industry enables technologies to provide
benefits beyond those incurred in their original usage. In a general
sense, technology transfer in the State and local sector is accomplished
through one of three processes.

First, technology in its original form can be transferred from one
governmental unit to another or from industry to government and
utilized for identical purposes. Second, the technology may be applied
to a different purpose while retaining its original construction or
components. Third, the technology may be adapted for application
to new and different situations and environments.
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Although it might appear logical that the public technology area
should have attracted the interest of the private sector, certain factors
currently associated with the operation of State and local governments
have caused industry to remain aloof from this area. In view of the
lack of industry involvement, the development and "marketing" of
technology designed for State and local government use have occasion-
ally been undertaken by the Federal Government. Federal depart-
ments and agencies have created various programs and activities de-
signed to foster sub-national technology transfer, technology utiliza-
tion, and innovation. This report outlines the Federal response to
State and local technical needs-including both hard (for example,
equipment) and soft (for example, systems programming) technology,
the State and local marketplace, and the view from private industry.
The underlying assumption-discussed in detail later-is that States
and localities can provide a new, virtually untapped market for pri-
vate industry ventures into new technological innovations designed to
meet the needs of non-national jurisdictions, if and when, the present
barriers to such activity are removed.

TnE DEVELOP3MENT OF A FEmDEAL APPROACH TO PuBLc TECHNOLOGY

For more than a decade, policy issues and considerations relevant
to the intergovernmental utilization of science and technology have
been a subject of concern in the Executive Office of the President, cer-
tain Federal departments and agencies, the Congress, and State and
local organizations. The increasing demands on State and local govern-
ments for the provision of more goods and services have been accom-
panied by a recognition on the part of Federal, State, and local
officials that increased technical assistance is necessary to meet these
needs. Because of the resources available to it, the Federal Govern-
ment has become the main focus for assistance to non-Federal juris-
dictions. Yet, policy formulation with regard to the transfer of the
results of Federal research and development to States and localities
has proven to be a difficult task. Despite this activity, there is neither
a delineated policy nor established guidelines for the intergovern-
mental transfer of technology.

A variety of activities have been undertaken to foster utilization
of Federal research and development results. In March 1972, President
Nixon addressed Congress on science and technology. In his state-
ment, Mr. Nixon announced a new effort to support and utilize science
and technology for the improvement of the Nation's economy and its
quality of life. He called for new "partnerships" between Federal in-
stitutions, private industry, State and local governments, universities,
and research organizations to apply R&D results to civilian needs.
Observing that ' Federal research and development activities generate
a great deal of new technology which could be applied in ways which
go well beyond the immediate mission of the supporting agency,"
former President Nixon said that States and localities need to play a
central role in the decisioninaking process surrounding the application
of these technologies.

These concerns were further delineated in a series of reports which
appeared around the same time and which first introduced the "public



439

technology" term. These studies, including Power to the State8, Mobi-
1iing Pub lic Technology,, Intergo'vernmentaZl UDe of Federal R&D
Centers and Laboratories,2 Public Technology, A Tool For Solving
National Problemw,3 and Action Now: PartnershiP8-Putting Tech-
nology to Work 4 called for a new effort to apply technology developed
in the public and private sectors to the pressing needs of States and
localities. Among the options discussed were the intergovernmental
transfer of technology and technical expertise from the Federal Gov-
ernment to State and local jurisdictions as well as various cooperative
private and public efforts.

In response to various recommendations made in these reports, sev-
eral Federal programs for technology transfer and utilization have
been implemented. In addition to specific departmental or agency
efforts, the National Science Foundation has established various cross
agency activities. Under the Intergovernmental Science and Public
Technology Program, NSF assists in developing and building State
and local science and technology capabilities. In doing so, the Founda-
tion supports several networking organizations and regional innova-
tion groups to broker between State and local officials and the technical
community. One of these efforts, Public Technology Incorporated, was
created to assist in technology identification adaptation, and applica-
tion. Also serving similar functions, and funded by NSF, are the Com-
munity Technology Incentives Program, the Urban Consortium, and
the Urban Technology System.

One of the most successful programs to promote the effective utiliza-
tion of technology developed within the Federal Government is the
Federal Laboratory Consortium for Technology Transfer. With a
voluntary membership of approximately 180 Federal laboratories, the
Consortium establishes channels of communication and interaction
between agencies and potential users at the State and local levels.
These networks create the means through which user (that is, State
and local government) requirements can be identified, delineated, and
addressed in light of the increasing demands on non-national juris-
dictions. The Consortium involves the user community in the research
and development endeavor and provides technical and project assist-
ance to States and localities to ensure effective utilization of technolog-
ical resources.

A major recent initiative in the intergovernmental technology trans-
fer effort is the Intergovernmental Science, Engineering, and Tech-
nology Advisory Panel (ISETAP) within the Office of Science and
Technology Policy. Established by the National Science and Tech-
nology Policy, Organization, and Priorities Act of 1976, ISETAP
was mandated to identify and promote Federal programs to increase
State and local utilization of federally funded R&D. Located withinthe Executive Office of the President, the Panel has the responsibil-

I Council of State Governments. Power to the States, Mobilizing Public Technology.Lexington, Council of State Governments. 1972.LVArthur D. Little, Inc. Intergovernmental Uses of Federal R&D Centers and Laboratories.Report to the Council of State Governments. Washington, Arthur D. Little. Inc., 1973.'Federal Council for Science and Technology. Committee on Intergovernmental ScienceRelations. Public Technology, a Tool for Solving National Problems [1972].'National Action Conference on Intergovernmental Science and Technology Policy. ActionNow: Partnerships-Putting Technology to Work. Harrisburg, Pennsylvania Office ofScience and Technology, 1972.
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ity for determining methods and mechanisms, both existing and po-
tential, which will ensure that the scientific and technological needs
of non-national governments are incorprated into the decisionmaking
processes of Federal departments and agencies. In pursuit of these
objectives, the efforts of ISETAP are concentrated on: (1) building
into the Federal decisionmaking process a method to assess State,
local, and regional needs; (2) advancing the scientific and technolog-
ical capabilities of State, regional, and local jurisdictions; (3) expand-
ing the use and adaption of already existing technology at the non-
national level; and (4) improving the transfer of information and
technical expertise in a manner conducive to utilization.

Attempting to outline his administration's policy in this area,
President Carter, on February 25, 1977, issued a memorandum for the
heads of executive departments and agencies directing them to in-
volve State and local officials in the development of the Adminis-
tration's policy and budget priorities and programs. The President
noted that the non-national jurisdictions deliver many of the services
that the Federal Government supports; that State and local officials
can present necessary perspective on program effectiveness and fea-
sibility; that early participation in the Federal program planning
process develops broad-based support; and that cooperation can en-
sure that national programs and priorities parallel needs at the State
and local level. Mr. Carter thus directed that a description of the
agencies' actions to meet these objectives be included in any major
Federal policy or reorganization proposal.

CURRENT FEDERAL AcTIVIIEs

Technology transfer as practiced by Federal departments and agen-
cies is a many-faceted endeavor based upon the idea that the results
of federally developed R&D can be applied, in this case, to the prob-
lems of States and localities and used to increase the productivity and
quality of public services. A variety of approaches have been tried;
some on a formal, programmatic basis, others in informal, ad hoc ar-
rangements. All are operated to encourage and promote the movement
of innovations into the State and local milieu., These several ap-
proaches can be partially characterized by the emphasis they place on
the evolution of the technology transfer process. Part of the Federal
effort is designed to increase the capacity of States and localities to
make technological decisions and to understand the relationship of
science and technology to their problems. Technical assistance and re-
search utilization efforts are directed at enabling officials to define their
problems and assess alternative technological solutions. These activi-
ties are seen as supporting the "demand-pull" mode of technological
development. Technology is transferred, adapted, and utilized to meet
a specific need or to provide a solution to a defined problem. Programs
which stress scientific and technical capacity building, technical assist-
ance, and research utilization provide the techniques by which State
and local officials can create the demand for new technological innova-
tions.

i U.S. Congress. House. Committee on Science and Technology. Subcommittee on Science,
Research, and Technology. Domestic Technology Transfer: Issues and Options. (Commit-
tee Print) Washington, U.S. Government Printing Office, 1978, p. 149.
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On the other hand, Federal technology transfer programs which
seek to find secondary applications of technologies developed in the
process of meeting Federal responsibilities tend to deal with the "tech-
nology-push" mode of technological development. These efforts, gen-
erally called "spin-off," are an attempt to take available technologies
and find problems to which they can be applied. Often it means that
technologies are selected because they are feasible, not because there is
any perceived demand.

Within Federal departments and agencies, various mechanisms have
been developed to promote and support the intergovernmental transfer
process, including: direct technical assistance; information dissemi-
nation; training; joint projects, funding, and management; and dem-
onstration programs. Most agencies' technology transfer efforts involve
a combination of methods to ensure secondary (or beyond) utilization
of the results of federally funded research and development. The choice
and mix of mechanisms are based upon each department's experience,
constituency, organizational structure, authority, and resources for this
function.

It is generally accepted that the most effective method of transferring
technology and technical expertise is from person to person. This form
of transfer allows for problem solving through issue definition, dis-
cussion, and adaptation as direct contact is made between State and
local officials and Federal agency personnel. Supplementing this activ-
ity in most Federal departments is information dissemination, perhaps
the most prevalent form of transfer. All Federal units publish, dis-
tribute, and make public the results of portions of their research and
development efforts. The information dissemination process is gener-
ally not limited to distribution systems and responses to written re-
quests. Publication in professional journals, workshops and seminars
training programs, and direct technical assistance are frequently used
in conj unction with document distribution.

Technology transfer is often effected through training. This mech-
anism allows for personal interactions and the direct communication
of knowledge through first-hand experience and teaching. It is
designed to provide for capacity building by increasing the under-
standing of a technology or technological process and its applica-
tion. Cooperative efforts, joint funding, and research management
are additional methods used by Federal departments and agencies
to encourage technical utilization and thus effect technology trans-
fer. By providing funding and engaging in joint management of a
technical program or project, the Federal agency can promote the
utilization of technical solutions, provide for the expansion of State
and local capabilities through cooperative activities and interaction,
and provide resources enabling these jurisdictions to adapt tech-
nologies suited to their needs. Demonstration projects, by illustrating
that a technology or technological process works in an actual situa-
tion, are intended to stimulate further acceptance and utilization by
States and localities. Field testing supported by Federal agencies
furnishes a method by which non-national jurisdictions can see the
results of technological applications without having to invest in
untried activities.
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TEX STATE AND LOCAL MARKETPLACE

The public technology concept developed partially in response to
the relative absence of private sector interest in developing and mar-
keting technology designed to State and local specifications. Numerous
factors contribute to this situation; particularly those issues associated
with the apparently widespread lack of State and local governments'
receptivity toward innovation. There traditionally has been an aver-
sion at the State and local level toward new technology and a slow
pace of incorporation of innovations into the operations of govern-
mental services." This has led to the idea that productivity in the
provision of State and local services is lower than it could be.7 The
motivations to improve productivity inherent in the private sector-
that is, competition, and profit-are not found in these jurisdictions."
Yet increased efficiency is necessary if State and local governments
are to be able to continue to function and meet their obligations under
budget constraints. Innovative ideas, therefore, are required if tech-
nological application is to increase the return on expenditures for
public goods and services.

The field of innovation in State and local government has attracted
many researchers and has developed a language. peculiar to the en-
deavor. Various studies have identified how and why State and local
jurisdictions apply and integrate technology in their operations and
the barriers to this process. Models of innovation in these units of
government have been developed which break down and identify
various stages associated with the innovation process. The most com-
mon model appears to be the two stage model, which involves initia-
tion and implementation.' Other researchers have identified three
stage models: Support; implementation; and incorporation (Berman
and McLaughlin); and four stage models: Prior state; initiation;
implementation; and routinization ( Yin). Lambright identified a
different four stage model of the innovation process which stressed the
time element and included pre-adoption, adoption, implementation,
and incorporation.lo Taking the idea a bit further, Eveland et al. have
proposed a five stage model which involves agenda setting, matching,
redefining, structuring, and interconnecting"

What these models attempt to depict, despite their different ap-
proaches, is the movement, over time, of an idea to implementation.
They identify the decisionmaking environment. In the case of the
State and local sector, innovative behavior requires the perception of
a need plus a series of events culminating in the utilization of a product
or process-the crucial element in innovation.

6 Feller, Irwin. Diffusion and Utilization of Scientific and Technological Knowledge with-
in State and Local Governments. University Park, Pa., The Pennsylvania State University.
February 1979, p. II-I.

7 U.S. General Accounting Office. State and Local Government Productivity Improvement:
What is the Federal Role? Washington, U.S. Government Printing Office. Dec. 6, 1978, p. i.

S Ibid., p. titi
9 Discussion based upon: Eveland, J. D., Everett M. Rogers, and Constance Klepper. The

Innovation Process in Public Organizations. Ann Arbor, The University of Michigan,
Department of Journalism, March 1977, P. 63.

° Lambright, W. Henry. Principal Investigator. Adoption and Utilization of Urban
Technology: Decision-Making Study. Executive Summary. pp. 7-9.

Eveland, J. D., Everett Mf. Rogers, and Constance Klepper. The Innovation Process
in Public Organizations. Executive Summary. Ann Arbor, The University of Michigan.
Department of Journalism, March 1977, pp. 10-14.
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Yet, regardless of the number of stages chosen to represent the
innovation process, the studies consistently indicate that State and
local governments are not particularly receptive to innovation and
the adoption of new technologies. Certain factors inherent in the polit-
ical process apparently mitigate against innovative activities. Budget
constraints are such that States and localities cannot afford to spend
money on products or processes which are untested, unproven, and
may not produce the desired results. New technologies are expensive
because of high development costs and small markets. Added to this
is a reluctance to spend for new products and processes to replace old
technologies which, while not efficient, are nonetheless in operating
order'

A 1976 study by RAND found that when bureaucracies do innovate,
it appears to be:

... more as a function of the opportunities for bureaucratic growth, status,
and power than merely as a function of the need to improve services. Thus, even
though a particular innovation can improve services, if it does not serve bureau-
cratic goals it is not likely to be incorporated."

It often appears that efficiency and effectiveness of public services
are sacrificed to political considerations perceived to be more important.
These barriers to innovation are perpetuated because, in part, there are
few incentives built into the system to promote and reward innovation
and the creative utilization of technological alternatives.

State and local officials often lack the technical expertise necessary
to make informed decisions between technological alternatives. An
apparent absence of an appreciation and understanding of science and
technology and the role they can play in meeting many of the needs of
non-national jurisdictions often shapes the decisionlmaking environ-
ment. This tends to create situations where a communications and
awareness gap evolves between State and local representatives, techni-
cally oriented industry, and the scientific community so that joint ef-
forts at problem solving are often infrequent and difficult.

The definition of requirements is the primary step in choosing new
products or services, however, State and local officials reportedly are
often unable to identify problems adequately and to reach agreement
on priorities and goals. Compounding this difficulty is the realization
that there are generally no clear cut problems or solutions and that
trade-offs must be made within a decentralized and diffused decision-
'making process. Criteria for evaluating technological efforts often are
also unavoidable, thus perhaps rendering choices personal or political
rather than analytical.

Officials at the State and local level tend to be primarily interested
in activities which have short term, highly visible payoffs; ones which
can be identified as having brought immediate benefits to the area.
Effective technical applications, however, often require a longer time
span to ensure productive utilization and therefore do not provide poli-
ticians the opportunity to take advantage of any benefits which accrue.
Thus, the "quick fix," and often cosmetic solution tends to take prece-
dence over longer range applications of technology.

1 Yin, Robert K., Karen A. Heald, Mary E. Vogel. Patricia D. Flelschauer. and Bruce C.
Cladeck. A Review of Case Studies of Technological Innovations in State and Local Services.
California, the Rand Corp., February 1976. p. ix.
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THE ViEw FROM PRIVATE IwDUsTRY

There are often insufficient economic incentives for private industry
to operate in the State and local marketplace.' 3 While States and locali-
ties theoretically present a large, untapped market for many tehriolog-
ical innovations, there have been few successful efforts at identifying
and aggregating the needs of these potential customers. Numerous,
and often conflicting, technical specifications and procurement policies
across State and local units present complications for industry in try-
ing to develop prototypes which would meet the varying requirements
of individual jurisdictions. Apparently, concurrent and overlapping
needs have not been accumulated in such a manner that could present
a viable market which would justify research and development expend-
itures by industry.

Technology transfer from industry to States and localities requires
market evaluation and the identification of a business opportunity.
Products must be identified which can address the problems and eval-
uations must be made concerning the potential benefits to be accrued
by industry in serving the market-the expected returns on invest-
ment. State and local decisionmakers themselves have traditionally
incurred problems in defining their problems and understanding which
solutions would be the most viable. Elected or appointed officials are
often unfamiliar with technology and the technological milieu; nor is
marketing an overriding consideration. This often results in a diver-
gence of purpose and interests between the technologically based, mar-
ket-oriented industry and the State and local users.

Procurement practices of States and localities vary between and
within jurisdictions, but are based primarily upon awarding contracts
to the lowest bidder. Life-cycle costing and performance evaluations
are generally ignored in the decisionmaking process. This makes mar-
keting of new, innovative technologies especially difficult and requires
industry to approach each unit of government with a different strategy.
Such activity adds substantially to the cost of a product and serves
as a barrier to private involvement in the public technology market.
Thus, instead of being utilized as an incentive for innovation, the pro-
liferation and composition of procurement policies in non-national
jurisdictions have dampened the creation of a viable technological mar-
ket which would encourage industrial innovation to meet State and
local needs.

As the State and local procurement arena is now structured, industry
is placed in a position where it must convince officials of the benefits to
be derived from technology utilization and must often deal with col-
lective decisionmiaking by nonspecialists. Combined with a lack of need
definition, this tends to create a "technology-push" situation in which
industry tries to sell its off-the-shelf technologies by finding and iden-
tifying what it sees as a State or local need. This is in contrast to the
"demand-push" concept where user (that is, State and local) needs are
defined by the implementing jurisdiction and new technologies are
developed or adapted to meet these needs. In either case, innovation can
result if technology application and utilization are accomplished. The
present situation, however, mitigates against such innovation since user
needs have not been adequately identified and aggregated and industry

13Feller. op. cit., p. -04.
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has found it economically disadvantageous to spend time and money
convincing States and local jurisdictions of the benefits of technology.

A PossIisE FUTURE OF INNOVATION IN PUBLIc TECHNOLOGY

Federal regulations and public demands are placing increasing
responsibilities on State and local governments. At the same time,
budget considerations are constraining the amounts of time and effort
these jurisdictions can spend to meet the needs of their citizens. The
most obvious solution is to increase the productivity, effectiveness, and
efficiency of public goods and services. But the mechanisms to accom-
plish this are not as apparent. Technological innovation is one method
to do this. Yet, State and local governments have developed inherent
barriers to innovation, including internal resistance, organizational
fragmentation, and lack of analytical and technical capabilities.

The public technology market in States and localities is character-
ized by a proliferation of policies, practices, and organization which
have led to inefficiency and decreasing productivity as new demands
for goods and services are formulated. There is an evident lack of
funding for both research and development and products designed to
meet State and local specifications. The apparently low level of tech-
nical expertise exhibited by many State and local officials places deci-
sionmaking within a consumer group (the States and localities) which
cannot make informed choices based upon technical criteria in addi-
tion to political needs. This is reflected in the "no-risk" nature of most
State and local marketplaces-an attitude which generally precludes
the search for, and the introduction of, innovations.

Industry has generally avoided extensive involvement in public
technology. The private sector has apparently not been convinced that
catering to State and local jurisdictions would result in a sufficient
return on investment. Since these non-national governments have been
unsuccessful in aggregating their own need, industry generally finds
itself without a market for innovations specifically targeted for States
and localities.

The Federal Government has attempted to move into the breach
between what States and local units need and what technological solu-
tions are available. Federal departments and agencies have created
various technology transfer activities to promote the application and
utilization of federally developed technology for State and local prob-
lem solving. Efforts are also underway at building technical support
capabilities to assist State and local officials in making tecinological
decisions and in understanding technical choices. Federal programs
can provide an impetus for innovation in State and local activities and
stimulate the acceptance of technical solutions to problems. Funding,
testing, and demonstration projects can act to cushion the risks asso-
ciated with technological change. Efforts designed to accomplish mar-
ket aggregation can lead to a more attractive environment for industry
involvement. Yet, Federal activities must be evaluated as to all
intended and unintended consequences. As Roessner points out:

Federal regulations and support for standardization are two-edged swords with
respect to their influence on technological change. They may increase market
aggregation but, in the case of regulations accompanying categorical grants, they
serve multiple values such as ensuring lowest purchase price and preserving jobs.
In the case of federal promotion of standards, the positive effects of increased
market size and aggregation may be offset by the need for manufacturers to
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ensure that proposed new equipment will conform to existing standards. Unless
standards are written in performance terms, this creates additional uncertainty
and increases the cost of innovation.'

Except for ISETAP and occasional identified programs in specific
agencies (for example, NASA), Congress -has basically left the execu-
tive branch to its own decisions concerning technology transfer and
utilization programs for State and local government. As noted previ-
ously, there is no national policy for the intergovernmental transfer
of technology, nor is there any congressional direction regarding pri-
vate industry involvement in the State and local marketplace. The in-
ability of many Federal programs to identify, assist, and support State
and local decisionmaking in the technical arena may encourage a re-
evaluation of executive and congressional, as well as industry, efforts
to encourage innovative solutions. While Congress has recently under-
taken to study the state of innovation in the American economy, it has
not devoted major attention to the impact of the State and local
marketplace on innovation and our overall economic situation. Among
the options available, Congress can act, through legislation, to establish
intergovernmental technology transfer guidelines and support execu-
tive branch efforts for technology utilization. The investigative and
oversight functions also allow Congress to monitor Federal transfer
activities and assistance provided State and local governments for de-
veloping their scientific and technical capabilities. This is one method
to determine programmatic impact and ascertain alternative strategies
for innovation in the public sector. Although the situation being dealt
with here differs from general considerations relevant to innovation in
the American economy, State and local governments-the public sec-
tor-provide an additional outlet for innovation in industry.

Beyond what Congress and the executive branch agencies can accom-
plish, institutional changes in State and local governments are neces-
sary to improve the relationship between these jurisdictions and indus-
try. Incentives and rewards for innovative behavior and a longer term
planning outlook are needed to establish a receptivity toward science
and technology and technological solutions to State and local concerns.
Uniformity of State and local policies and procurement procedures,
combined with a more centralized decisionmaking process, should
make it easier for industry to work with these units to develop innova-
tive ideas.

The activities designed to improve State and local decisionmakers'
comprehension of science and technology should be critical to the ac-
ceptance and institutionalization of innovation in the provision of -pub-
lic goods and services on the non-national level. Once State and local
officials can define their needs relative to technology and can accept
the precepts of innovation-that new and creative application and
utilization of technology can improve the efficiency and effectiveness
of services-perhaps the State and local market will become better
defined. Identified and aggregated markets will be attractive to indus-
try. This should encourage competition, spark the profit motive, and
give added impetus to the innovative process in the private sector as
it attempts to find new solutions to the problems facing State and local
governments and the people they represent.

u Roessner, J. David. The Local Government Market as a Stimulus to Industrial Innova-
tion. Draft speech prepared for delivery at the Workshop on Government Demand as an
Instrument Innovation In Industry, Dublin, Ireland. June 6-7. 1978. p. 20.
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ABSTRACT

This paper is an attempt to set forth a preliminary structure for a
comprehensive Science and Technology Outlook, particularly as
science and technology relate to economic change. It analyzes the
factors likely to be involved in science, technology, and economic
change over the near-term future, that is, over a period of time begin-
ning about 5 years in the future and extending 15 to 30 years in the
future. The approach is fivefold: to examine the systemic factors in-
volved in the Nation's scientific-techno-economic-socio-political sys-
tem; investigate the total systemic "environment" in which the na-
tional science and technology system operate; identify some emerging
technological developments which may be particularly important in
the near-term future; review basic assumptions, an often neglected task
in policy analysis; and analyze the preliminary findings and suggest
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policy alternatives. Considering basic assumptions first-three scenar-
ios incorporating alternative sets of basic assumptions are developed.

The "extrapolative" scenario is probably the most likely and pre-
ferable of the three presented in this analysis, although it includes
significant existing and emerging problems. Thus, national science and
technology policy alternatives are likely to be developed around this
basic scenario, or a similar one, either implicitly or explicitly. The
thrust of the extrapolative scenario is that the principal parameters of
the global (or, at least, American) socio-po]itico-techno-economic sys-
tem will remain fairly constant over the immediate and near-term
future, that is, for at least he next 30 or so years. Another way of say-
ing this is that the future will be characterized mainly by extropola-
tions of existing trends. Two alternative scenarios considered for com-
parison are the "changing values" and "discontinuity" scenarios. As-
suming the general validity of the extrapolative scenario, the national
science and technology system may be called upon to contribute in a
global context, to the solution of most of the 14 major world problem
areas discussed in the report. In the activistic, dynamic society envi-
sioned in the extrapolative scenario, none of these i4 major world prob-
lem areas is likely to be ignored and the following ones are largely to
be particularly emphasized:

World population growth and aging populations.
Food: agricultural production and distribution.
Foreign affairs and military security.
Techno-economic security and viability.
Energy.
Health and biosciences.

Likewise, under an extrapolative scenario, all of the ten representative
emerging technological developments discussed in the report, and
many more, are likely to receive increasing attention and program-
matic support from both industry and Government. The ten tech-
nological developments discussed are:

Birth control.
Food: aquaculture.
Health: combating future cancers.
Biosciences and bioethics: DNA.
Microelectronics: computers and telecommunications.
Transportation: short-hop STOL airlines.
Technology-abetted political participatory systems.
Energy: oil shale.
Energy: fusion.
Space colonization.

Finally, under an extrapolative scenario, two organizational policy
alternatives are likely to receive increasing attention at the Federal
policymaking level. These are:

Further development of the Federal science and technology
policy and management structure; and

Further development, and perhaps institutionalization, of the
Nation's analytical foresight capabilities and of effective linkages
between those capabilities and science and technology policy-
makers.



450

To investigate these factors comprehensively, thoroughly, and continu-
ously probably would require the institutionalization of the Science
and Technology Outlook at the Federal policymaking level.

I. IiqTRODUCTION

This paper is a preliminary analysis of the factors likely to be in-
volved in science, technology, and economic change over the near-
term future, that is, over a period of time beginning about 5 years in the
future and extending 15 to 30 years in the future.la

A. Scope of the Study

This analysis has been undertaken as a contribution to the Joint
Economic Committee's Special Study on Economic Change (SSEC).
Ten major subject areas have been examined as a part of the SSEC,
including "Research and Innovation." This paper, an examination of
the outlook for science and technology, is a part of the "Research and
Innovation" area study.

"The underlying thesis of the [SSEC] is that economic, social, po-
litical international, and technical conditions have changed, and are
still changing markedly."" Consequently, the scope of this analysis
covers science and technology trends, events, questions, and issues rele-
vant to the functioning of the national economy in its global context.
Specifically, the analysis deals with:

The internal (to science and technology) and external (societal)
driving forces which affect the future, near-term (5 to 15 year)
development of science and technology;

The broad science and technology (S&T) trends, that is, the
complex of forces (like the existing anti-technology trend), which
result from S&T-related activities; and

The major problems and opportunities generated from scien-
tific and technological advances, particularly those related to eco-
nomic change, with which the Nation and Congress will be faced
in the near-term future.

The approach taken in this analysis is to identify those factors which
must be considered in a comprehensive and systematic Science and
Technology Outlook. Factors internal to science and technology are
examined as well as those external factors which impact on science and
technology. The report concludes with a brief discussion of the outlook
for science and technology as it relates to economic change and some
possible options for science and technology policymakers.

B. Definition of the Time Period Involved in a Science and Technology
Outlook

For purposes of this analysis, a time period beginning in about 5
years and extending 15 or 30 years is considered to be the "outlook
period" of the Science and Technology Outlook. There is nothing rigid

'- Walter Hahn, Senior Specialist in Science Technology, and Futures Research of the
Congressional Research Service proposed the writing of this paper and contributed to its
outline and development.

lb Bolling, Hon. Richard. Opening Statement on the Special Study on Economic Change.
May 31, 1978: 1.
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about using such a time period for a Science and Technology Out-
look, however, the elimination of the next five years from explicit
consideration is important in order to obviate the danger of placing
primary emphasis on the immediate future. It is probably true, in
terms of science and technology at least, that the next five years
already have been determined largely by science and technology policy
decisions made in the past. What can be done now and in the immediate
future is to further develop and use foresight techniques and processes
for "alerting" purposes; conduct futures-related research of the 5-to-
30 year outlook period; formulate appropriate options, policies, and
plans based upon such research; and act, through the political process,
to carry out such policies and plans over the next 5 years or so.

Thus, the time emphasis in this Science and Technology Outlook is
beyond five years-15 or even 30 years in the future. This is the period
in which current science and technology policies probably can make
their greatest contributions-if science and technology policy analyses
are sound and comprehensive, and if there are effective management
linkages between such science and technology policy analyses and
policymakers.

C. The Report Structure

Chapter II discusses those factors internal and external to the na-
tional science and technology "system." For example, science and tech-
nology education is discussed as an important internal S&T factor and
political and governance factors, such as regulation, are discussed as
external factors that impact significantly on the "science and tech-
nology system."

Chapter III sets forth a taxonomy of major world problem areas
that probably should be addressed in a comprehensive science and tech-
nology outlook-from, for example, world population growth to the
problems associated with human settlements. This section is an attempt
to investigate the outlook for science and technology, not from its sys-
temic components, but from another dimension-its role in a global
context as a contributor of solutions to major world problems that
likely will face the Nation and the world in the years ahead irrespec-
tive of the development of the national science and technology system.

Chapter IV sets forth several emerging areas of science and tech-
nology, driving or deriving from the factors discussed in the two pre-
ceding chapters, which seem to be particularly likely candidates for in-
depth forecasts and impact analyses because of their potential as either
major problems or opportunities. Examples range from birth control
techniques through space colonization. There are hundreds of specific
emerging technologies that could be examined beneficially, of which
those given in this section are only representative for purposes of
discussion.

Chapter V is a discussion of basic assumptions. Every analysis has
basic assumptions, whether explict or implicit. This section sets forth
three alternative narrative scenarios which incorporate sets of basic
assumptions useful for developing a Science and Technology Outlook.

Chapter VI is the Analysis and Outlook Section of the paper. It sets
forth (1) an analysis of the complex of forces resulting from the inter-
relationships among the many factors discussed in the preceding sec-
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tions, and (2) a brief discussion of the outlook for science and tech-
nology as it relates to economic change and some possible options for
science and technology policymakers.

D. The Science and Technology Outlook Proce88

"Science and Technology Outlook Related to Economic Change" is
a part of a continuing Congressional Research Service (CRS) effort
to develop an ongoing Science and Technology Outlook process. This
process when completed will include the maintenance of files of futures-
related information on issues of concern to the Congress; informal
liaison with CRS and outside science and technology and other subject
specialists; an interdivisional CRS Foresight Team of subject special-
ists; a Futures Information Retrieval SysTem (FIRST), which will
include an in-house futures research capability plus a computer infor-
mation storage and retrieval system of futures information; and re-
lated activities.

These capabilities are being integrated into an ongoing process to
more efficiently support the preparation of futures-oriented reports and
analyses like this one which may be required by the Congress.

II. SYSTEMIC FACTORS IN SCIENCE AND TECHNOLOGY As RELATED TO
ECONOMIC CHANGE

A. Introduction

There are many factors which comprise the Nation's science and
technology system. These "systemic factors," and how they will relate
to economic change in the future, can be analyzed in several ways. The
method chosen for this analysis is to discuss these systemic factors first
in terms of science and technology itself (in terms of those forces in-
ternal to science and technology) and then in terms of what may be
called generally the external or societal forces driving, or the ambient
influencing, the science and technology system from the "outside."

This chapter deals with science and technology first and, because
education is so basic to science and technology, with scientific and
engineering education first of all. The chapter subsequently deals with
those "external" economic, political, societal, and environmental fac-
tors that will impact on, or drive, science and technology from the
outside.

Any characterization of a problem or opportunity as "scientific" or
"economic" or "societal," generally oversimplifies and thus distorts
somewhat the issue under investigation. For example, most "scien-
tific" issues have, and will continue to have, "economic" or "societal"
ramifications. For purposes of presentation and discussion, such char-
acterizations do serve a useful purpose, so long as it is understood that
they are meant only to be labels and not ironclad compartments.

B. Education in Science and Technology

Education will be one of the most important aspects of the outlook
for science and technology as related to economic change. The optimi-
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zation of science and technology 2 would not require universal edu-
cation, because not everyone is educable in, or has an aptitude for,
science and technology. But the optimization of science and tech-
nology would require universal education of qualified persons. In the
United States, society's leaders do not act in a concerted fashion to
optimize science and technology; other priorities, generally unartic-
ulated, take precedence. Competing societal priorities, influential in-
terest groups, individual personal preferences, and relative avail-
abilities of financial resources generally govern how many and what
types of persons will be educated in science and technology and what
fields of science and technology will be supported.

How many persons should be educated in science and technology is
a value judgment that perhaps cannot be answered adequately today-
or ever-by political and educational decisionmakers. To a first ap-
proximation, however, improving science and technology education
(increasing the number and quality of students and the number and
quality of courses) generally will improve science and technology in
quantifiable ways, such as the number of Nobel Prizes awarded to
U.S. scientists per unit of time, or the international balance of trade
in technological products.

Education, broadly defined, will be extremely important in foster-
ing science and technology through the conduct of basic research.
Over 50 percent of basic research is performed by universities and
colleges (although many of the funds so expended are supplied by the
Federal Government and other sources). About another 10 percent of
basic research is performed by Federally Funded Research and De-
velopment Centers (FFRDCs) administered by universities and col-
leges or consortia of universities and colleges. The cutting edge of
science and technology, basic scientific research, in large part resides
in, or is significantly influenced by, the Nation's educational estab-
lishment. This is likely to continue in the future.

Engineering education is likely to be just as critical to the Nation's
economy as education in the sciences. The industrialized nations of
the world compete with each other in high-technology products, like
electronics, and in technological processes, like steel making. If the
Europeans and Japanese are out-competing the United States in the
economic production of such technological products and processes-
and if the Europeans and Japanese are not innately more intelligent
or competitive than Americans-the difference must be in the total
science and technology-economic-environmental-political-societal am-
bience in which American industry operates. An important factor in
this regard is the quantity and quality of scientific and engineering
education per capita of the population and the related use of scientists
and engineers in civilian research and development.

2 The "optimization" of, and to "optimize," science and technology, as used on this and
succeeding pages, means essentially to "maximize the effectiveness of" science and tech-
nology, or where maximization is not feasible or appropriate, to "satisfice." [Satisfice] is
an activity of 'administrative man' who looks for a course of action that is adequate,
reasonably satisfactory, or 'good enough.' It may be contrasted with 'maximize,' an
activity of 'economic man' who selects the best alternative from among those available
Examples of satisficing criteria familiar to businessmen are 'share of the market ade-
quate profit,' and 'fair price.' A significant aspect of satisficing behavior is that administra-
tive man, because he satisfices rather than maximizes, can make his choices without first
examining all possible behavioral alternatives and without ascertaining that these are in
fact all the alternatives." From Herbert A. Simon. Administrative Behavior. New York,
The Free Press, 1957: xxiv and xxv. In U.S. Congress, House, Committee on Science and
Technology. Subcommittee on Science, Research, and Technology. Science Policy: A
Working Glossary [Fourth Edition-1978]. Committee Print, 95th Congress, 2d session.
Washington, U.S. Government Printing Office, 1978: 76.
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As discussed in the following sections of this analysis, an increasing
number of areas of U.S. science, technology, and techno-economics are
facing increasing competition from foreign nations, particularly
Japan and western Europe. Perhaps this is also true of the Nation's
educational capabilities. Just over 10 years ago, Peter Drucker could
say with confidence:

Education is the one area, therefore, in which the richest of all societies, the
United States, has a genuine advantage-provided it can make the knowledge
[essentially the professional, "white collar," or office] worker productive."

A basic issue for science and technology policymakers will be whether
this statement is still true or whether the United States is losing its
one "genuine advantage" and, if so, what can be done about it.

A current issue of concern to the science and technology community
is the Administration's proposal to create a separate Department of
Education and incorporate therein major parts of the educational
support activities of the National Science Foundation. There is wide-
spread concern that this type of reorganization would dilute and
weaken the Nation's support for higher scientific and engineering edu-
cation in the future.

If the Nation's total potential capability in science and technology
can be likened to a reservoir of water, the educational establishment
can be likened to the valve or spigot that will regulate the flow of that
resource to society according to its needs.

a. Factors 0 Interna to Science and Technology

1. BASIC RESEARCH

No one can predict or program fundamental discoveries in basic
science, the so-called scientific "breakthroughs." But without such
breakthroughs, science and technology will become mainly incre-
mental, and the improvements, innovations, increased industrial pro-
ductivity, and other second order effects of basic scientific research will
remain marginal. Adequate financial support of basic research is there-
fore based upon a blend of faith and historical evidence that such
scientific breakthroughs will occur occasionally when basic scientific
research is carried out diligently. Such fundamental breakthroughs
in the sciences provide opportunities for generations of scientists and
engineers to develop new ideas, processes, and products for continued
economic growth.

National support of basic research will total about $6.7 billion per
year in 1979.4 Whether this is enough support to provide for continued
U.S. leadership in scientific research, and whether this is enough
support to maintain or increase the Nation's competitive position in
the development and production of technological products, vis-a-vis
Europe and Japan, is problematical. The Nation will retain its posi-
tion as a techno-economic world leader only so long as it maintains
its technological capabilities. It likely will maintain those capabilities
only so long as it maintains its position in basic scientific research.
The old saw that begins "For want of a nail . . ." is applicable here.

Decisions made today about educational programs in science and

a Drucker, Peter F. The Executive. London, Heinemann, 1965: 4.
',National Science Foundation. National Patterns of R. & D. Resources 1953-1978-79.

NSF 78-313. Washington, U.S. Government Printing Office, 1978: 7
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technology in high schools, universities, and colleges; about basic re-
search facilities; and about scientific programs in basic research will
impact upon the Nation's economic strength in the 21ts century. For
example, today's support or non-support of education and basic re-
search programs in fossil fuels, solar energy, the nuclear breeder reac-
tor, and nuclear fusion energy will determine in large measure whether
the United States, France, Germany, the U.S.S.R. or some other
nation will be dominant in energy resources in the 21th century. It
is likely that whichever nation or group of nations is dominant in
energy at that time also will be dominant economically and militarily.

Of primary concern to the vitality of basic research conducted m
universities and colleges and the Federal Government mission agen-
cies will be the issue of adequacy of funding. Existing limitations on
the funding levels of long-range basic scientific research programs
and, more importantly, the unpredictability of funding (due to
legislative appropriations made on a year-by-year basis) have caused
and will continue to cause great concern among the Nation's basic
research scientists. Their views are that a more assured continuity of
funding will contribute to more effective overall conduct of basic
research.

During the 1950's and 1960's, it was often stated that World War III
was being fought in the laboratories of the United States and the
Soviet Union. In much the same way today, the struggle for techno-
economic leadership of the world in the late 20th and early 21st cen-
turies will be determined to a significant extent in the educational
establishments and basic scientific research laboratories of the United
States, Europe, Japan, and the U.S.S.R.

Perhaps the Nation's political and social decisionmakers will deter-
mine that other societal priorities take precedence over competitive
techno-economic priorities. That would be a valid society decision,
however, but a downgrading of support for scientific and technologi-
cal education and basic scientific research, for whatever reason, could
contribute to a loss of the Nation's techno-economic leadership in the
future.

2. *UNIVERSITY RESEARCH

Many of the problems and opportunities associated with university
research are also those associated with basic research, discussed above,
since over 50 percent of the Nation's basic research is performed by
universities and colleges. Over 85 percent of all Federal research
funds, however, go to fewer than 100 of the Nation's approximately
3,000 universities and colleges. This apparent distortion in Federal
funding patterns for university research reflects the "elite" status of
some universities and colleges in scientific areas and may, in itself, be
an unhealthy national situation.

From 1967 to 1978, about one-half of all Federal obligations for
basic research went to universities and colleges, accounting for about
two-thirds of their total financial support for basic research. Univer-
sity research is, and will continue to be, critical to basic research. The
Federal Government likely will remain the major source of financial
support for university basic research.

Unfortunately universities, and hence university research, appear
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to be entering a period of increasing problems associated with a com-
plex of factors. Such factors include:

Constraints on scientific manpower, including decreases in stu-
dent enrollments and the aging of the existing scientific man-
power at universities, with a concomitant decline in the number
of research opportunities for younger scientists;

Constraints on governmental financial support; associated with
Increasing governmental interference in university adminis-

tration and affairs; and
A deterioration of scientific instrumentation and facilities.

The Nation's universities and colleges are still preeminent in the
world's scientific establishment as evidenced by the number of their
scientists who are recipients of Nobel Prizes. Yet, as noted above,
there are signs of deterioration. Such warning signs suggest that the
contributions of universities to the Nation's basic research capability
could be adversely affected in the future.

3. FEDERAL GOVERNMENT SUPPORT OF R&D

The Federal Government provides over one-half of the funds for
the Nation's total R&D effort, although it performs only about 15
percent of that work in its own facilities. Most of the rest of the
Nation's R&D effort is performed by industry, with another approxi-
mately 15 percent performed *by universities, colleges, Federally
Funded Research and Development Centers (FFRDC's), and other
nonprofit institutions.

The Federal Government's total R&D effort is carried out (per-
formed intramurally or supported under contracts or grants) by its
mission agencies, like the Departments of Defense and Energy, and
by the National Science Foundation. The approximately $27 billion
for the conduct of R&D for fiscal year 1979 is apportioned among the
Federal Government's departments and agencies in the following
way:

Percent
DOD -4-.-------------------------------------------------------- 8
DOE --------------------------------------------------------------- 15.5
NASA -------------------------------------------------------------- 15.2
HEW -------------------------------------------------------------- 11.6
NSF ---------------------------------------------------------------- 2.8
USDA -------------------------------------------------------------- 2.2
EPA --------------------------------------------------------------- 1.3
DOT --------------------------------------------------------------- 1.2
In terio r ------------------------------------------------------------ 1.3
C om m erce ---------------------------------------------------------- 1.1

Subtotal ------------------------------------------------------ 98.0

Percent
Nuclear Regulatory Commission ---------------------------- (1)

VA ------------------------------
A ID --- --- ----- ---- --- - ---- -- --- --- -- ---- ----- ---- --- --- - ---- ---- - - (
HUD -(-----------------------------------------)-------------------
TVA ------------------------------------------------ (-)

Justice ----------------------------- (l)
Labor ----------------------------------------…--(-)
Smithsonian ----------------------------------------------------- (- )
All Others…(---)------------------------------------------------------

Total --------------------------------------------------------- 100
Less than one percent.
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As can be seen from the above table, Federal R&D is heavily ori-
ented toward defense, energy, space, and health, which account for
about 88 percent of total Federal R&D funds. The support of
(largely) basic research by the National Science Foundation accounts
for about three percent. A fundamental concern that continuously oc-
curs in discussions of national science and technology policy is the
relatively small amounts of Federal R&D funding for such civilian
needs as housing, transportation, commerce, and the general advance-
ment of knowledge in many areas. By contrast, high growth countries
like Japan and West Germany devote relatively high proportions of
governmental R&D budgets to civilian R&D uses. Japan, for example,
devotes over 20 percent of its governmental R&D expenditures to
economic development and about 55 percent to the advancement of
knowledge. West Germany devotes about 50 percent of its govern-
mental R&D expenditures to the latter category. The United States
expends less than 10 percent of its governmental R&D budget in each
of these areas.5 By being the West's military arsenal, the United
States may be weakening its R&D vis-a-vis the very countries which
it is protecting with its military arsenal. The dilemma of choosing
between (1) continuing this way, (2) abandoning the military arsenal
stance, and/or (3) encouraging Japan and West Germany to become
heavily involved in military R&D and to deemphasize their civilian
R&D, is apparent.

Another aspect of Federal Government R&D that will continue to
be of concern in the future is the impact which the Mansfield Amend-
ment is having on scientific research. The Mansfield Amendment 6

and its subsequent modification,7 were added to military procurement
authorization acts in 1969 and 1970 to require that all research sup-
ported by the Department be mission oriented. Thus, some fruitful
lines of research which might otherwise have been pursued, even
though not directly mission oriented, may have been prohibited.
While the Mansfield Amendment (original and its modifications) ap-
plied only to the Department of Defense for fiscal years 1969 and
1970, it has apparently impacted on other mission agencies as well
and has had a continuing effect. This apparent constraint on scien-
tific research could be investigated to determine whether its overall
impact has been positive or negative on the Nation's total R&D effort.

Other aspects of Federal Government support of R&D are the role
of the national laboratories, the Federal R&D Budget, and national
science and technology policy and management, discussed below in
Subsection 5 of this Section and in Subsections 2 and 4 of Section E
of this chapter.

4. APPLIED RESEARCH AND INDUSTRIAL R&D

Although the terms "basic research," as discussed above, and "ap-
plied research" are not precisely defined in practice, essentially applied
research is research "directed toward practical application of knowl-
edge." 8 The related term "development" is generally taken to mean the

5 National Science Board. Science Indicators 1978. Washington, U.S. Government Print-
Ing Office. 1979: 146-147.

e Public Law 91-121, section 203.
'Public Law 91-441. section 204.
National Science Foundation. National Patterns of R. & D. Resources 1953-77. NSF

77-310. Washington, U.S. Government Printing Office, 1977: 19.
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use of "available information in the construction of a piece of operat-
ing hardware or a useful process, physical or social." 91 Together, ap-
plied research and development represent the reduction of knowledge
(represented by basic research) to practical application.

About 23 percent of the Nation's totalR &D effort is applied research
and another 64 percent is development. The remainder, 13 percent, is
basic research.10 Although over one-half of the Nation's total R&D
effort is funded by the Federal Government, about 71 percent is per-
formed in industrial laboratories or in Government-owned but con-
tractor-operated laboratories, such as the eight major multiprogram
laboratories of the Department of Energy. The principal exceptions to
this pattern are the R&D laboratories of the Federal Government's
mission agencies which are staffed with U.S. Government personnel,
like most Department of Defense laboratories and NASA's Lewis Re-
search Center and Goddard Space Flight Center.

Most of the applied research and development laboratories servicing
Federal programs (whether Federal in-house or industrial labora-
tories) have the Federal Government as the major sponsor and major
procurer of services and products. This is particularly true of the
defense and space R&D program efforts. The vitality of these labora-
tories and the applied research and development programs carried
out by them will directly relate to government needs as expressed in
real terms by R&D funding levels. Because such Federal programs are
considered to be vital to the Nation, Federal support of industrial
R&D for these purposes is strong and the related industrial R&D capa-
bilities are also generally strong.

Another major aspect of industrial R&D is the approximately 65
percent which industry funds itself. In this aspect, industrial R&D is
a cost of doing business and is only one of several investment alterna-
tives available to businesses. In addition, the requirements for short-
range profitability sometimes may cut into a company's long-range
needs for R&D, particularly in smaller firms. Thus, it is possible that
difficult economic circumstances will curtail industrial support of R&D
in the future.

These is increasing evidence, largely offered through statements of
industry representatives, that industrial R&D is beginning to de-
teriorate due in part to existing policies of the U.S. Government,
like tax, antitrust, and regulatory policies, all discussed below in
Section E. Of particular importance today is the overarching issue of
industrial innovation which is affected by such things as governmental
regulatory and financial policies, but which also goes to the heart of
scientific and technical ingenuity and inventiveness. Some indicators
of industrial innovation (like the numbers of U.S. patents granted
to U.S. versus foregin citizens) indicate that U.S. industrial R&D
and innovation is deteriorating vis-6-vis that of the other industria-
lized nations. Innovation is discussed below in Section D.

Just what is happening today in industrial R&D is difficult to deter-
mine with precision.

9 U.S. Congress. House. Committee on Science and Technology. Subcommittee on Science,
Research, and Technology. Science Policy: A Working Glossary [Fourth Edition-19181.
Committee Print, 95th Congress, 2d session. Washington, U.S. Government Printing Office,
1978: 20.

°0 National Science Foundation. National Patterns of R. & D. Resources 1953-1978-79.
NSF 78-313. Washington, U.S. Government Printing Office, 1978: vi.
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Research and development in American industry as an object of inquiry is
more diffuse and harder to grasp than R&D in the Federal Government. In federal
R&D, we have . . . some pretty good handles [on information about R&D].

In industry R&D, on the other hand, thousands of separate companies are in-
volved, each with its own interests, objectives, and ways of doing business. The
variety and size of the total effort is more bewildering than in the Federal Gov-
ernment. . . . R&D in industry is more difficult to study than R&D in govern-
ment, and the tools to study it are weaker."

And yet from the total national policy viewpoint, industrial R&D
probably will remain more important than R&D in the Federal Gov-
ernment with regard to the Nation's basic economic strength and the
internal dynamics of the capitalistic system. Perhaps nothing will be
more important to the continuing strength of the Nation's techno-
economic system, aside from scientific and technological education as
discussed in Section B above, than a comprehensive and in-depth
understanding and modification of Federal policies to stimulate in-
dustrial R&D and innovation (see Section D, below).

5. NATIONAL LABORATORIES

National laboratories are only a part of the Nation's governmental
and industrial R&D complex, but they are an important and valuable
part. National laboratories like Argonne National Laboratory and
Oak Ridge National Laboratory of the Department of Energy, Jet
Propulsion Laboratory and Lewis Research Center of NASA, and
the National Institutes of Health of the Department of Health, Educa-
tion and Welfare, are R&D institutions of international repute. These
laboratories are doing essential work for the Nation and its citizens.
In some ways, however, these very productive capabilities possibly are
not being used to their fullest potential. Some inefficiencies may be in-
evitable in large complex R&D systems and there may be some room
for improvement in the management of these national laboratories.
For example, the Department of Energy has 41 R&D facilities, uses
several associated NASA laboratories, and has a number of production
plants and other operations. It is recognized that this complex R&D
organization is still evolving from the, originally, military nuclear
R&D programs of the Manhattan Project and the Atomic Energy
Commission to today's diversified energy program laboratories of
DOE. Much still remains to be done, however to make these and other
Federal laboratories more responsive in meeting the Nation's overall
R&D goals, as well as the specific policies and program objectives of
the individual mission agencies of the Federal Government."

A possible approach to optimizing the R&D, and programmatic
effectiveness of national laboratories in the future may be a compre-
hensive investigation of their total capabilities and potential followed
by the design and establishment of an effective Federal laboratory
coordinating-management structure. The Federal Laboratory Con-
sortium currently is the only operating Federal organization with

11 Shapley, Willis H. and Don I. Phillips. Research & Development, AAAS Report III:R&D, in the Federal Budget: Fiscal year 1979, R&D, Industry and the Economy.
Washington, The American Association for the Advancement of Science. 1978: 53.

12 See U.S. Congress. House. Committee on Science and Technology. Subcommittee onAdvanced Energy Technologies and Energy Conservation Research. Development, and Dem-onstration. The Role of the National Energy Laboratories in ERDA and Department ofEnergy Operations : Retrospect and Prospect. Committee Print, 95th Congress, 2d session,Washington, U.S. Government Printing Office, 1978. 523 p. See especially therein AppendixV: Albert H. Teich. Bureaucracy and Politics in Big Science: Relations Between Head-
quarters and the National Laboratories in AEC and ERDA.
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responsibility for Federal laboratory coordination, but cooperation
is on a voluntary basis and is only for technology transfer and tech-
nical assistance to States and industry. The Consortium was not de-
signed to be a full-fledged laboratory coordinating and management
structure of the order suggested here. There have been proposals in
the past to establish a "Federal laboratory administration" to admin-
ister some aspects of the operations of the national laboratories while
permitting many existing programmatic relationships with the Fed-
eral mission agencies to continue. While such proposals have not re-
ceived widespread support in the S&T community, they are least rep-
resent one potential approach to optimizing the effectiveness of
national laboratories in more broadly supporting national goals.

6. INTERNATIONAL SCIENCE AND TECHNOLOGY

"International science and technology" is a rubric that has many as-
pects, from scientific and technological cooperation with the Soviet
Union to the international implications of appropriate technology
(the "small is beautiful" concept championed by E. F. Schumacher 13
and others). "International science and technology" also includes
international techno-economic competition in high-technology prod-
ucts (discussed below in Section D), international trade in high-
technology armaments, international technology transfer to the de-
veloping nations to the Third World, the scientific and techlonogical
activities of the United Nations and other international organizations,
like the upcoming U.N. Conference on Science, Technology, and De-
velopment, and many other activities and relationships.

In most cases, international science and technology is a dimension
of other scientific and technological activities discussed elsewhere in
this analysis. In some cases, however, aspects of international science
and technology can be dealt with most fruitfully under that term it-
self. For example, the recent refusal of the Federal Government to
grant export licenses for U.S. firms to sell some high-technology prod-
ucts (computer systems) to the Soviet Union is a case of the use (or
nonuse) of science and technology to further U.S. international policy
objectives. The U.S. policy objectives in that case interfered with the
commercial objectives of the U.S. firms involved. In other recent in-
stances, however, U.S. international science and technology policy ob-
jectives have furthered domestic commercial objectives, as in the case
of U.S. firms opening discussions (1) to sell a telecommunications
Earth satellite to the Peoples Republic of China, and (2) for com-
mercial development of petroleum resources in the Peoples Repub-
lic of China.

The issue of international technology transfer will be a particularly
thorny issue. Many representatives of U.S. industry hold that it is in
the best interests of the United States both to sell high technology
products abroad and to license foreign companies to produce U.S.-
developed high technology products for appropriate fees and royal-
ties. Opponents of this view hold that foreign companies are likely to
take such U.S.-developed technologies, improve upon them, and sell

13Schumacher, E. F. Small Is Beautiful: Economics as if People Mattered. New York,
Harper and Row, 1973, 290 p.
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the improved products back to U.S. consumers. In addition to this
factor, many representatives of U.S. labor unions hold that licensing
U.S. technology abroad is in effect exporting jobs abroad-jobs that
would otherwise be done in the United States by U.S. workers.

On the other side of this argument is the fact that about 50 to 60
percent of the world's R&D is performed outside the United States.
It is reasonable to assume, therefore, that U.S. industry may have
more to gain from a fairly free international flow of technology than
it has to lose. Moreover, there is the pervasive and persuasive argu-
ment that if the United States does not license its production tech-
nologies and techniques to other countries, some other nation-like
Japan or Germany-soon will. This seems to be occurring now, for
example, in the case of nuclear power plant development following the
Carter administration's restrictions on the transfer of some sensitive
nuclear reactor technologies abroad under provisions of the Nuclear
Non-Proliferation Act of 1978.14

What is certain is that the issue of international technology trans-
fer is quite complex, involving as it does both short-term and long-
term aspects of business profitability, national industrial viability, and
international relations. The basic issues seem to be: Will the United
States, overall and over time, benefit from international technology
transfer or will it not? should the United States have different poli-
cies for developed and developing nations? and should, the interna-
tional aspects of U.S. science, technology, and techno-economics be
reevaluated in light of the possible clash between evolving interna-
tional techno-economic competitiveness and the Nation's historical
commitment to free trade?

In economic terms, U.S. scientific and technological capabilities will
be used by the U.S. Government either as a carrot or as a stick in inter-
national relations. The potential for the U.S. science and technology
establishment to serve the ends of U.S. international policy is signifi-
cant and, in the future, is likely to continue to enhance the symbiosis
between U.S. industry and the U.S. Government.

7. SCIENTIFIC AND TECHNICAL INFORMATION

In a sense, everyone knows what scientific information (STI) is-
data, reports, analyses, computer-assisted services, and so on. In an-
other sense, STI as a practical concept is quite diffuse and has not
been reduced in practice to a generally acceptable and comprehensive
system. The need for such an adequate STI system continues to in-
crease as the Nation's R&D, social, and economic problems continue
to grow.

A recent Arthur D. Little, Inc., report prepared for the National
Science Foundation characterizes the evolution of the national STI
environment and suggests corresponding actions required to develop
a national STI system. The following table from that report indicates
future national STI needs in broad terms.' 5

1 Public Law 95-242, see especially section 302.
15 Arthur D. Little, Inc. Passing the Threshold Into the Information Age-Perspective for

Federal Action on Information. A Report to the National Science Foundation. Volume I.
Cambridge, Mass., Arthur D. Little, Inc.. 1978: 10.
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STI is an area of science and technology policy and practice that
currently may not be receiving adequate attention from policymakers.
Because of the comprehensive nature of a systematic approach to STI,
strong Federal Government leadership will be required for its formu-
lation and implementation. For example, a recent congressional pub-
lication states that:

Congressional action is needed. Numerous studies over the past 20 years point
to deficiencies in existing programs and the lack of policy guidance, and
portend future problems. The executive branch has yet to assume full responsi-
bility for the development of STI as a national resource. Congress has the op-
portunity to be the catalyst for achieving constructive change.' 5

The world abounds in raw science and technology information and
the supply is likely to increase dramatically in the years ahead. It will
take concerted efforts on the part of Government policymakers to
develop a truly optimal information system that will support science
and technology without waste of information or loss of communica-
tions effectiveness.

16 U.S. congress. House. Committee on Science and Technology. Subcommittee on Science,
Research, and Technology. Optimizing the Value of U.S. Scientific and Technical Informa-
tion: Legislative Options. October 1978: 20.
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D. Techno-Economic Factors

Many factors involved in science and technology are strictly sci-
entific and technological in a narrow sense, such as basic scientific
research, or strictly economic in a narrow sense, like investment tax
credits. It is useful, however, to consider a wide area of governmental
and private productive activity as being "techno-economic" in nature
because of the significant technological and economic symbosis in-
volved and because of the close interrelationships between R&D and
economics which exist in practice. An excellent example of techno-
economic activity is industrial innovation, discussed immediately be-
low. Industrial innovation may be defined as the process connecting
scientific and technological R&D to commercial and economic activity.
Other definitions describe industrial innovation more broadly and
subsume R&D within it. However it is defined, industrial innovation
will continue to be a major techno-economic process in industrialized
nations.

The techno-economic process is not merely an interface between
largely scientific and technological activities and largely economic ac-
tivities; rather it is a process continuum or spectrum of activities from
basic scientific research to the marketing of products and services. In
this sense, science and technology will contribute significantly to total
national economic activity. A Brookings study 17 attributes up to one-
third of the economic growth in the United States from 1929 to 1969
to advances in technological, managerial, and organizational knowl-
edge. This technological factor has accounted for more economic
growth than any of the other factors analyzed in the study which, in
decreasing order of effect on economic growth, were: "labor, except
education," "capital," "economies of scale," "education," and "resource
allocation." Without attempting to carry that analysis further, it
appears clear that techno-economic processes will be basic to the
Nation's overall economic strength and growth in the future.

1. INDUSTRIAL INNOVATION

Innovation is a (largely) industrial process whereby ideas or inven-
tions are reduced to practical application and profitability through
the marketplace in the form of new or improved products, processes,
or services. Although R&D is an important part of industrial innova-
tion, many other nonscientific and nontechnological factors enter into
the process. While innovation is largely an industrial process it has,
particularly since the World War II period, relied heavily upon the
U.S. Government for support in the form of the provision of basic
research, financial assistance, Government procurement, and similar
incentives and practices.

There is currently a widespread concern in industry, academia,
Government, and the Nation's R&D establishment generally that in-
dustrial technological innovation in the United States is declining
both absolutely and in relation to that of other industrialized coun-
tries. The situation is not completely clear, however, since there are

17 Denison, Edward F. Accounting for U.S. Economic Growth 1929-69. Washington, TheBrookings Institution, 1974: 129-131.
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few statistics to support this belief unequivocably. The statistics most
often cited in discussions of technological innovation are statistics
referring to decreases in Federal R&D funding support. Such statistics
are "input" statistics rather than "output" statistics: they measure
what is believed to contribute to innovation rather than being measures
of innovation themselves. Some measures of industrial innovation "out
put" such as: (1) the number of U.S. patents granted per year to U.S.
citizens vis-h-vis foreign citizens, (2) measures of industrial produc-
tivity (see subsection 3, below), and (3) measures of the U.S. competi-
tive position in U.S. international high-technology trade (see
subsection 5, below) also suggest a significant deterioration in U.S. in-
dustrial innovation over the last decade."8 Not everyone, however,
interprets such data in the same way. For example, in the first annual
Science and Technology Report to the Congress prepared by the Na-
tional Science Foundation, it is stated that:

Data on technological output (e.g., patenting, licensing, and international
earnings from R&D intensive activities) are inadequate to enable us to make un-
qualified claims regarding U.S. technological capabilities. Based on the data we
do have, it seems fair to say that there has been little or no erosion in U.S.
technological capabilities. Neither the available economic nor technical indicators
provide hard evidence of an eroding U.S. technical position which can be tied to
negative economic consequences.'9

In addition to such statistical evidence, the accumulating experi-
mental evidence of Government and industrial representatives that
U.S. technological innovation is deteriorating has been given con-
siderable weight in recent forums at which U.S. R&D and industrial
innovation have been discussed.20

The apparently deteriorating U.S. position in technological inno-
vation is often attributed to a number of factors such as the following:

A decline in R&D spending, particularly by the Federal Gov-
ernment. Industrial R&D expenditures have remained relatively
constant as a percentage of U.S. gross national product over the
last ten years or so. Over the same period, however, Federal pri-
orities have shifted toward civilian R&D but increases in Federal
funding for civilian R&D have not matched the large decreases in
Federal funding for defense and space R&D.

An increase in national economic uncertainty characterized by
inflation, high interest rates, high taxes, difficulties of R&D firms
(particularly small R&D firms) in obtaining venture capital, and
so on.

An increase in business uncertainty related to governmental
regulatory activities, particularly those of the Federal Govern-
ment, the related additional costs of doing business, and the "de-
fensive R&D" required to satisfy many governmental health,
safety, and environmental regulations (discussed in section E of
this chapter, below).

ISSee, for example, National Science Board. Science Indicators 1078. Washington. U.S.
Government Printing Office, 1979. p. 263.

w U.S. Congress. House. Committee on Science and Technology. Science and Technology
Report 1978: First Annual Report to the Congress Submitted in Accordance with the
National Science and Technology Policy, Organization and Priorities Act of 1976. Com-
mittee Print, 95th Congress, 2d session. Washington, U.S. Government Printing Office,
1978: xii

20 See Phillips, Don I., Patricia S. Curlin, and Ralph L. Petrilli, eds. R&D in the
Federal Budget: R&D, Industry, and the Economy (Colloquium Proceedings). Washing-
ton, American Association for the Advancement of Science, September 1978. 175 p.
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The stifling effects of some Federal policies directly affecting
industrial innovation, like U.S. Government patent policy involv-
ing the ownership of inventions resulting from federally-funded
R&D, and Federal antitrust policy.

An apparently decreasing propensity of business to take risks.
Due to the above factors, a resutting shift in apparent industrial

commitment from long-range fundamental innovation to short-
range, low-risk, incremental changes designed for short-term
profitability. This trend is likely to have serious long-term im-
pacts on U.S. economic growth and strength vis-a-vis other in-
dustrial nations.

It is apparent from the nature of the above factors that at least two
types of cyclical phenomena are occurring in industrial innovation
simultaneously. First, the possible deterioration in industrial innova-
tion tends to feed on itself. For example, a worsening economic situa-
tion causes reduced Federal and private financial support for R&D
than would otherwise be the case. Concurrently increasing govern-
mental regulation also may contribute to less practical and long-range
R&D, all of which leads to a decrease in innovation and a related long-
term lessening of industrial profitability, and so on to another deterio-
rated cycle. Second, the cycle is very much a techno-economic cycle:
R&D and innovation directly affect economic change (through the
provision of technological products and processes) which together
with governmental regulation impact directly back on R&D innova-
tion.

Industrial technological innocation is an integral part of the techno-
economic process that powers the Nation's economy. Currently there is
evidence that the process is less effcient (1) than it was in the recent
past, and (2) in relation to other industrialized nations. Because in-
dustrial innovation is a complex techno-economic process, improve-
ments in innovation will require improvements in both sicentific and
technological conditions and economic conditions, probably simul-
taneously in most cases. 2 L

Industrial innovation is currently the subject of a major Adminis-
tration study being prepared in the form of a Presidential Review
Memorandum by a large interagency group under the direction of
Dr. Jordan Baruch, the Assistant Secretary of Commerce for Science
and Technology. The results of that study are due by about mid-1979.

In summary, scientific and technological processes, particularly as
they contribute to the Nation's economic process, are not independent
of that economic process. It appears that just when science and tech-
nology may be needed most to stimulate the Nation's techno-economic
health and growth, their effectiveness may be constrained by economic
and business (including regulatory) conditions. The situation appears
to be much like the relationship between human health and human
work. If a person is wealthy enough he can afford medical care whether
he works or not. If he must work to support himself, however, ami
illness can prevent him from earning enough money for medical care.
As he becomes sicker, he also becomes less able to provide for medical

21 See, for example, Mogee, Mary Ellen. Industrial Innovation and Its Relation to the
U.S. Domestic Economy and International Trade Competitiveness. CRS Report No. 78-204
SPR. Washington, Library of Congress, Congressional Research Service, October 13, 1Y78.
61 p.
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care-a technological shot in the area. While this analogy is very
rough, it probably is true that the United States may no longer be
rich enough, if it ever was, to allow itself to become unhealthy in the
techno-economic sense because the Nation has no technological physi-
cian or rich economic uncle who will help it.

2. COMMERCIALIZATION

"Commercialization" is a process related to industrial innovation
that is receiving increased governmental attention, particularly since
the establishment of ERDA in 1975. ERDA was, and the Department
of Energy now is, engaged in assisting industrial firms in making the
transition from research, development, and demonstration projects,
which are largely supported by the Federal Government, to commer-
cially viable energy-related projects to be supported by the industrial
firms themselves. This is basically a technology transfer process which
may have a potential for wide application throughout the Government-
industry R&D complex.

Commercialization as practiced by ERDA and the Department of
Energy is largely unique to those organizations. ERDA had, and now
DOE has, a legislative mandate to foster commercial sustainable, en
ergy-related programs. Much may -be learned from investigating the
ERDA and DOE experiences and similar technology transfer experi-
ences of NASA, the Department of Defense, the Small Business Ad-
ministration, and other governmental agencies. There may be many
potentially economically productive activities nascent in Government
R&D programs which (1) the Federal Government cannot legiti-
mately undertake because the business of Government is not business,
and (2) business will not undertake because (a) it cannot afford the in-
novation costs, or (b) it will not risk commercial production since it
cannot, for example, obtain relevant patent rights, or (c) it cannot
obtain, in practical terms, the techno-economic information and
"hands-on" experience required to transform a Government-run R&D
program into a privately-run, profit-making, commercial activity, or
(d) markets have not yet been identified, aggregated, or developed.

A significant part of the commercial potential of the Nation's fed-
erally funded R&D may be going to waste today because of a practical
hiatus-examples of which are given in the preceding paragraph-
between Government programs and private profit-making realities.
Commercialization processes, involving Government any industry
jointly, may be widely useful in bridging what may be a wasteful gap
in Government-industry techno-economic processes. If the commer-
cialization experiences of ERDA and the Department of Energy and
other Government agencies have the potential for being useful more
generally, such processes should be investigated and adapted to the
R&D program of other major Federal mission agencies.

3. INDUSTRIAL PRODUCTIVITY

Industrial productivity is a measure of industrial economic effec-
tiveness, defined generally as economic output (economic product,
such as gross national product, with modifications) divided by eco-
nomic input (man-hours of labor). Historically, U.S. industrial pro-
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ductivity has been higher than industrial productivity in other indus-
trialized nations. That situation continues today even though the U.S.
rate of increase of productivity, in many industries has fallen sig-
nificantly and is now below the rates of increase of productivity of
other nations, particularly European countries and Japan. This sit-
uation may be a natural and not unhealthy reflection of the matura-
tion of U.S. industry and the continued rapid development of the
younger (rebuilt) industries of Japan and Europe which were de-
stroyed during World War II. Many persons, however, are concerned
today with what looks like a weakening of U.S. industry, and many
statistics of the relative growth rates of national industrial produc-
tivity support such concerns.

Another reason that industrial productivity is of concern is that it
is closely related to industrial innovation which seems to many ob-
servers to be deteriorating in the United States (discussed above in
subsection 1). Industrial innovation and productivity are related in
the sense that:

Without innovation, productivity growth cannot occur; without productivity
growth, the capital necessary to spur innovation will not exist. And without both
innovation and productivity increases, . . . the very quality of our lives must
decline."

For approximately two-thirds of the 62 major U.S. industries for
which the Bureau of Labor Statistics of the U.S. Department of
Labor reports data, industrial productivity growth rates for the past
decade have been significantly lower than at any other time since
World War II. In addition to this general situation, some specific
situations are causing national concern. Most notably, the European
and Japanese steel industries have improved their productivity to
several times that of the U.S. steel industry and are causing the U.S.
steel industry serious competitive problems.

While it is currently unclear whether the decreasing growth rate of
U.S. industrial productivity is itself a deleterious condition, it is an
indication of significant industrial change. Such change may be rele-
vant in assessing the Nation's future scientific and technological ca-
pabilities since it is generally accepted that technological innovation
is the single most important factor affecting industrial productivity,
typically accounting for about one-half of productivity gains. Edu-
cation, capital, economies of scale, and resource allocation factors ac-
count for the remainder of the gains in productivity in roughly equal
proportions. Deteriorating U.S. innovation may have caused, in large
part, the decreasing growth rates in U.S. industrial productivity over
the last decade. As indicated above, another unfavorable techno-
economic cycle, this one involving industrial innovation and produc-
tivity, may be affecting both the technological strength and economic
viability of the Nation. Such evidence indicates that a comprehensive
techno-economic solution will be required for the problems involved
in economic change.

4. SMALL BUSINESS

Small firms which perform R&D, innovate, and produce high tech-
nology products may contribute to the techno-economic processes and

uProductivity [whole issue]. I.E.E.E. Spectrum, v. 15, October 1978: 34. Also see
Mansfield, Edwin. The Economics of Technological Change. New York, W. W. Norton and
companyv, Inc., 1968, especially Chapter 2, "Technological Change and Productivity
Growth.": 10-42.
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health of the Nation out of all proportion to their individual sizes
and number. Many small high-technology firms do use R&D funds
more efficiently than larger firms and have been responsible for a
large number of major technological innovations. The so-called
"Route 128 phenomenon" around Cambridge, Massachusetts, in the
1960's was characterized by many small, highly innovative, high-
technology firms contributing to the Nation's space and defense
programs.

Based upon this and similar experiences, it would seem to be in the
best interests of the United States to have as many small high-
technology firms as possible stimulating and contributing to R&D and
innovation in the Nation's industrial R&D establishment. Currently,
however, many small high-technology firms seem to be undergoing
operating difficulties because of problems related to the national eco-
nomic situation. Many smaller firms do not have the financial depth
to ride out difficult economic times, as do larger firms. Another prob-
lem of particular concern to smaller high-technology firms today is
the difficulty in responding to government reporting and regulatory
requirements; small firms may not have the financial strength to hire
specific, "non-productive" employees to handle government reporting
and regulatory requirements, whereas these burdens represent a rela-
tively smaller proportion of the business overhead costs of larger fims.

Conditions such as these seem to be stifling some small, high-
technology firms and even may be preventing the establishment of
new firms. For example, the number of successful public stock offer-
ings for small high-technology firms in the United States fell from
200 per year in 1969 to zero in 1975. During approximately this same
period, indicators of the health of the Nation's R&D capability and
indicators of industrial innovation also began to decline. While many
other factors contribute to the health of R&D and innovation, the
existence of a body of small high-technology firms would seem to be-
based upon U.S. experience-quite important to the overall health of
the Nation's R&D and industrial innovation capabilities. Because
many such firms are now experiencing difficulties operating or coming
into existence, special governmental concern with the problems of the
small high-technology firm would seem to be required to ensure that
this potentially rich source of R&D and innovation is not lost be-
cause of problems which may be relatively easily rectified by the Fed-
eral Government, particularly in those cases where the Federal Gov-
ernment may be a major problem itself as in the regulatory and
paperwork problem area.

5. INTERNATIONAL TECHNO-ECONOMIC COMPETITION

International techno-economic competition has several sides:
Until after World War II, the United States had a favorable

balance of international trade because it was a major exporter of
natural resources and manufactured goods, and required rela-
tively few imports. Also, immediately after World War II, the
industrial sectors of Japan and Europe were being rebuilt.

This situation has now changed with imports of natural resources,
particularly petroleum, and manufactured products, especially con-
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sumer goods such as electronic products and automobiles from Japan
and Europe, contributing to an overall unfavorable balance of inter-
national trade.

The favorable components of the Nation's otherwise unfavor-
able balance of international trade are provided by exports of
agricultural products and high-technology products, like com-
puters and airplanes. Indeed, agricultural products may be con-
sidered to be the results of very successful research and develop-
ment in agriculture by the Nation's agricultural schools, the U.S.
Department of Agriculture's research and extension services, and
U.S. farmers themselves.

The Nation's international position regarding high-technology
products (mainly the non-agricultural products) has also changed
over the last decade. A major and increasingly critical factor in the
U.S. economy will be the decreasing international competitiveness of
U.S. high-technology exports vis-h-vis Japanese and European high-
technology products, and the increasing penetration of the U.S. do-
mestic market by these foreign producers. Historically, the United
States has had few effective competitors for products like computers
and commercial airliners. Now, however, Japan is getting into the
computer market aggressively, and Europe is competing strongly with
the Concorde and the newer European-made airbus. Consequently,
these products could go the way of television receivers, whose pro-
duction now is dominated by the Japanese. Although currently the
unfavorable U.S. balance of international trade is due mainly to
petroleum imports, the future of U.S. international trade is worrisome
with these Japanese and European inroads into high-technology ex-
port products.

There are opposing views within the United States as to
whether the U.S. export of high-technology "know-how," rather
than merely the export -of high-technology products, is detri-
mental to the U.S. techno-economic position over the long term.

Many U.S. industrial firms engage in "export of technology," the
licensing of production technologies and techniques and other trans-
fers of technological "know-how" to foreign companies. Some ob-
servers believe that this type of industrial activity will boomerang in
the future because foreign companies will take U.S.-developed tech-
nological know-how, use it as a base for further foreign innovation,
and out-compete U.S. firms trying to sell the same types of high-tech-
nology products. Even without this type of a situation occurring, how-
ever, some U.S. labor union representatives claim that the export of
U.S. technology to foreign firms is really an export of U.S. jobs abroad
since foreign workers, rather than U.S. workers, manufacture the
products.

As in the other techno-economic factors discussed above, there are
indicators that U.S. trade in high-technology products and processes
is deteriorating. While the total U.S. high-technology industry is prob-
ably sound, a few U.S. industries are in a vulnerable position, for ex-
ample, the steel industry, the electronics and television receiver indus-
tries, and conceivably even the commercial airliner manufacturing
and/or computer industries. Many reasons have been given for the ap-
parent loss of U.S. international high-technology competitiveness.
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Perhaps two of the most important reasons are (1) the very high moti-
vation to compete internationally, evidenced by the Japanese and west-
ern European high-technology firms, and (2) the relatively less mature
and thus relatively f aster growing economies of those countries. What-
ever the reasons, U.S. high-technology firms will continue to be in a
highly competitive race for international markets for high-technology
products and processes while the U.S. domestic market will remain in-
creasingly vulnerable to many high-technology imports.

E. Political and Governance Factor8

Politics and governance form part of the ambience in which science
and technology processes occur and represent part of the societal forces
driving science and technology from the outside. In the complex
technological society which is the United States, little will be done in
the political and governmental areas which will not impact in some
way on science and technology and, conversely, there probably are few
areas in science and tecinology that will not alfect politics and govern-
ment in some way.

1. NATIONAL GOALS IN SCIENCE AND TECHNOLOGY

National goals of the United States have been articulated since the
Declaration of Independence up to those in recent acts of Congress and
presidential statements and documents. For the most part, articulated
national goals reflect the consensus of American opinion on specific
issues. Perhaps the most pertinent list of national goals relating to
science, technology, and economic change are those incorporated into
P.L. 94-282, the National Science and Technology Policy, Organiza-
tion, and Priorities Act of 1976. These "priority goals" are as follows:

(1) Fostering leadership in the quest for international peace
and progress toward human freedom, dignity, and well-being by
enlarging the contributions of American scientists and engineers
to the knowledge of man and his universe, by making discoveries
of basic science widely available at home and abroad, and by uti-
lizing technology in support of United States national and foreign
policy goals;

(2) Increasing the efficient use of essential materials and prod-
ucts, and generally contributing to economic opportunity, stabil-
ity, and appropriate growth;

(3) Assuring an adequate supply of food, materials, and energy
for the Nation's needs;

(4) Contributing to the national security;
(5) Improving the quality of health care available to all resi-

dents of the United States;
(6) Preserving, fostering, and restoring a healthful and esthetic

natural environment;
(7) Providing for the protection of the oceans and coastal zones,

and the polar regions, and the efficient utilization of their
resources;

(8) Strengthening the economy and promoting full employ-
ment through useful scientific and technological innovations;
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(9) Increasing the quality of educational opportunities avail-
able to all residents of the United States;

(10) Promoting the conservation and efficient utilization of the
Nation's natural and human resources;

(11) Improving the Nation's housing, transportation, and com-
munication systems, and assuring the provision of effective public
services throughout urban, suburban, and rural areas;

(12) Eliminating air and water pollution, and unnecessary, un-
healthful, or ineffective drugs and food additives; and

(13) Advancing the exploration and peaceful uses of outer
space.

Six of the 13 priority goals (numbers 2, 3, 7, 8, 10, 11) relate di-
rectly to science, technology, and economic change while seven (num-
bers 1, 4, 5, 6, 9, 12, 13) are apparently less directly related. Of the
second group, it may be useful to consider number 4-contributing to
national security-in a little more detail.

A comprehensive study on science, technology and American diplo-
macy recently prepared for the Congress 23 suggests the need for re-
defining "national security Lto require] that cognizance be taken of
such elements as:

(1) The assured flow of imported raw materials to mass-pro-
duction, low-technology industries;

(2) The availability of a sound railroad system, without which
the U.S. steel industry would close down in 10 days;

(3) The maintenance of the total flow of intelligence, including
data from satellite overflights, to assure stability and reliable
maintenance of the deterrent;

(4) The desirability of encouraging a consumer-oriented tech-
nological trend in the Soviet Union to reduce the Soviet resource
allocation to arms development;

(5) The growing technological interdependence among nations
spurred by such developments as the rapidly spreading multina-
tional corporations and the growing need for global allocations of
nonrenewable resources;

(6) The serious shortage of capital required for maintenance of
the U.S. industrial plant, as well as for investment in innovation;

(7) The increasing vulnerability of U.S. industry, transport,
communications, and other large services systems, to all kinds of
disruptions as technology becomes more complex and units grow
in size to exploit economies of scale;

(8) The serious threat of nuclear proliferation in the absence of
adequate safeguards for nuclear fuel elements and fuel reproc-
essing facilities; and

(9) The value of the highly developed U.S. agricultural tech-
nology with its great political leverage in the developing and de-
veloped world."

Eight of these nine elements are directly techno-economic in nature
while the other element (number 3, the maintenance of the total flow
of intelligence) probably has some technological and economic aspects.

What these two recent lists of goals and subgoals suggest is that

2' U.S. Congress. House. committee on International Relations. Subcommittee on Inter-
national Security and Scientific Affairs. Science, Technology, and Diplomacy in the Age
of Interdependence. Committee Print, 94th Con., 2d sess. Washington, U.S. Govt. Print.
Off., 1978. 492 pp. See especially pages 313 to 317.



472

the historical U.S. goal of national security perhaps should be rede-
fined to emphasize, in light of changing international techno-economic
conditions, the important techno-economic aspects of national security
in addition to the more generally understood military security aspects.
Perhaps it would be useful in these critical times of economic and
military insecurity,24 to begin to evolve a new articulated national
goal of techno-economic security. The articulation of such a national
goal would either reflect or crystallize a national consensus and aware-
ness concerning the nature of existing and likely future international
techno-economic realities. In 1946, the Full Employment Act reflected
a then newly preceived national goal of full employment. In a similar
fashion, if '-techno-economic security" is now a useful and valid na-
tional goal, it too could be incorporated into national policy, including
legislation. The suggestion here, however, is not that ambitious. It is
merely to consider whether a national goal such as techno-economic
security is ripe enough for articulation at the national level and, if
so, how Federal policies could be developed around such a national
goal. If international techno-economic competition is a major inter-
national battleground of the future, a redefinition of national security
may be required.

2. FEDERAL SCIENCE AND TECHNOLOGY POLICY AND MANAGEMENT

Science and technology have internal dynamics of their own. With-
out limitations on resources, scientists could probably pursue inter-
esting avenues of scientific research into the unknowns of nature for-
ever without outside guidance. Likewise, engineers and businessmen
probably also could continue to find new methods to reduce the fruits
of science to practice in ways that would be profitable from a corporate
financial viewpoint but not necessarily beneficial to society and/or
the environment as a whole. In the same way that war is too important
to be left to the generals, science and technology are too important to
be left just to scientists, engineers, and businessmen.

Particularly since World War II, Federal policymakers have taken,
of necessity, increasing responsibility for directing science and tech-
nology along the lines of preceived national interests. De facto policy-
making occurs at all levels of the science and technology spectrum,
but comprehensive and rationalized policymaking can only occur in
the Federal system, at the congressional, presidential, or sometimes
departmental or agency levels. Consequently, science and technology
policy in this discussion refers generally to those aspects of policy
formulation and implementation at the congressional, presidential,
and sometimes lower levels which affect the practice of science and
technology at the laboratory, corporate, or Federal departmental or
agency level.

Under Public Law 94-282, the National Science and Technology
Policy, Organization, and Priorities Act of 1976, the position of presi-
dential science advisor and the Office of Science and Technology
Policy (OSTP) were reestablished within the Executive Office of the
President after that position and office were delegated to the Director

26 It is assumed here that parity of nuclear terror is not a particularly secure military
position.
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of the National Science Foundation by President Nixon in 1973. Also
established under Public Law 94-282 was the Federal Coordinating
Council for Science, Engineering, and Technology (FCCSET) which
is charged with coordinating Federal R&D efforts in several areas.
With these mechanisms the Congress hoped to improve the science
and technology policymaking apparatus in the Federal Government
and did so. T'here is probably considerable potential for strengthening
the Federal science and technology policymaking structure. For ex-
ample, two organizational extremes in the spectrum of high-level Fed-
eral science and technology policymaking would be (1) a Department
of Science and (2) a Federal R&D coordinating mechanism.

The Department of Science concept has been considered by Con-
gress on and off for many years but has not thus far been deemed an
adequate response to the problems of national science and technology
policymaking and management. On the other hand, existing high-level
efforts at interagency cooperation in the areas of science and tech-
nology, as exemplified by FC(SCSET, may not be strong enough or ef-
fective enough to cope with future national problems and opportu-
nities to which science and technology may be able to contribute.

Perhaps a middle ground for current congressional consideration
would be what might be termed a "Federal science and technology
policy and program coordination and management mechanism with
teeth.? Although the OSTP probably is advising the President in
science and technology policy areas as well as any 24-person operation
could, what is required for comprehensive "science and technology
coordination and management" is probably a permanent operation of
several hundred persons with cross-cutting authority to require science
and technology-related actions throughout the operating levels of the
Federal departments and agencies. While a cross-cutting operation
currently may not be politically or even legally possible, such an
operation, or something like it, may be required for the most effective
formulation and implementation of science and technology policy in
the future.

Further examination and evaluation of the Federal science and
technology coordination and management function would seem to be
required if U.S. science and technology policy is to be formulated and
implemented on a comprehensive and rationalized basis. Although
Public Law 94-282 is a significant step forward, many observers of
science and technology policy believe that it cannot be the final step
if Federal science and technology policymaking and management at
the presidential level are to be effective enough to cope with perceived
and unforeseen problems and opportunities requiring the application
of the Nation's science and technology capabilities.

3. THE CONGRESSIONAL AUTHORIZATION PROCESS AND SCIENCE AND

TECHNOLOGY POLICY

Most federally-funded R&D programs are authorized on an annual
basis. Because of the nature of science and technology, however, a
longer-term approach may be more appropriate for many R&D pro-
grams. Historically, funds for Federal activities and programs, includ-
ing R&D programs, have been authorized and appropriated by the
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Congress and budgeted by the executive branch on an annual basis.
Although many Federal programs are funded by continuing author-
izations, since the end of World War II there has been a trend to re-
quire annual authorizations for R&D programs starting with those of
the Department of Defense, and continuing with those of NASA,
the Department of Energy, and now most other major R&D pro-
grams. In the 95th Congress, for example, Public Law 95-322 was
passed to require the authorization of appropriations for the National
Bureau of Standards (NBS) for the first time. Moreover, the House
of Representatives and the Senate expressed interest in requiring the
authorization process for NBS to be for a two- or three-year period
rather than annually. There also was interest in authorizing the appro-
priations of the National Science Foundation for a two-year period
rather than for a one-year period as in the past.

Thus, concurrently with the trend to include most major R&D pro-
grams with a periodic authorization process, there is evidence that in
some cases a more than one-year authorization period may be the most
appropriate. Several things make federally funded R&D programs
different from other Federal programs. In particular the difference is
in the long term commitment of highly educated manpower and ex-
tremely complex and expensive equipment and facilities to carry out
such programs. Without such long term continuity and commitment,
many scientific and technological research, development, and demon-
stration programs may not be planned, administered, and evaluated as
effectively as would otherwise be possible. While it has not yet been
shown conclusively that multiple-year funding would contribute to a
more efficient administration of major R&D programs, it may now be
timely to examine this issue in depth. This is particularly so because in
addition to the substantive factors mentioned above, increased effi-
ciencies in the administration of federally funded R&D programs
would to some extent offset the increased Federal budget constraints
on R&D and the decreasing value of the R&D dollar because of infla-
tion.

4. R&D FUNDING AND BUDGET

The Federal Government influences and directs the Nation's science
and technology in many ways: through congressional foresight and
oversight procedures, through the advisory function of the Office of
Science and Technology Policy in the Executive Office of the Presi-
dent, and through legislative and executive statements of national
goals and policies. In another sense-the bottom line is what type of
R&D the Federal Government funds, and to what extent it funds it.
In this sense, the Office of Management and Budget in the Executive
Office of the President is a major Federal science and technology pol-
icymaker as are the authorizing, appropriations, and budget commit-
tees of the Congress.

The Federal Government affects the nature of national R&D by the
way it apportions funds according to:

The other sources of R&D funds; these other sources being
mainly industry, universities and colleges, and other nonprofit
institutions;

Who performs the R&D: whether the Federal Government it-
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self, or industry, universities and collges, Federally Funded Re-
search and Development Centers, or other nonprofit institutions;

The character of the R&D: whether is is basic research, applied
research, or development; and

The Federal mission or mission agency supported.
The relationships between the first three factors are shown in the

following chart. The R&D funding relationships between the Federal
mission agencies were shown above in subsection C.3 of this chapter
and are set forth again here in abbreviated form:

Fiscal year 1979
Federal R. d D.

Mission agency: budget (percent)
DOD O----------------------------------------------------------- 45.8
DOE ------------------------------------------------------------ 15.5
NASA ----------------------------------------------------------- 15.2
HEW ----------------------------------------------------------- 11.6
NSF ------------------------------------------------------------ 2.8

Subtotal ---------------------- _____----------------------- 90.9

The national R&D effort

EXPENDITURES FOR RhOD - 61.S BILLION. 1379 (est.)

2% 1%

By E0%| 47%

Unveruies, Other
Federal Goenent Inuitry b coleges nonprofnt

N. -f / _/ \ 3% 3% /insttut,ono

i frloreer 1391 71% 10%B

R~emesch FFRDCs

- Ad Ba ic _ed ~~~~~~pevelopenen

Source: National Science Foundation. National Patterns of R. & D. Resources: 1953-
1978-79. NSF 78-313. Washington, U.S. Government Printing Office, 1977: vi.

Looking at how political and governance factors affect science and
technology in the broad sense, it is clear that the Federal Government,
through its purse strings, will have a tremendous influence on (1) how
much will be spent for R&D, (2) who will perform R&D, (3) the rela-
tive financial support to be given to basic research, applied research,
and development, and (4) how national R&D missions or mission
agencies will be supported. Federal purse strings will be a major factor
in determining the direction and vitality of the Nation's science and
technology capabilities in the future. If, as some evidence indicates,
the Nation should increase its support of civilian industrial R&D, and
perhaps particularly the basic research part of that, the Federal R&D
budget would be a most appropriate tool for bringing about such

56-367 0 - 81 - 31
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results. But, because there are often long "lead times" involved in
carrying out R&D, many science and technology policy decisions need
to be made today by the Federal Government in order to impact
favorably on the Nation years from now.

Because the national R&D establishment is large and its programs
are complex, most Federal R&D funding decisions are made on an
incremental basis, as is usual with Federal Government programs. In
the future, however, what may be required for a more adequate appor-
tionment of funds for R&D may be a more comprehensive and ration-
alized approach to funding than the existing annual Federal funding
process (as suggested above in the subsection on the congressional
authorization process and science and technology). Because this aspect
of science and technology policymaking goes to the very heart of the
governmental process, it may be the most difficult aspect of science and
technology policy to modify, even should in-depth analysis suggest
that it would be most advantageous to do so from the R&D point of
view.

Another way that the R&D funding and budget process will affect
national science and technology will be its size. R&D funding grew
rapidly during and following World War II and particularly after
the launch of Sputnik by the U.S.S.R. in 1957. After 1967, however,
national R&D funding leveled off. The following figure shows these
trends in both current and constant dollars:

National R&D funding trends: 1953-79

Source: National Science Foundation. National Patterns of R. & D. Resources: 1953-
1978-79. NSF 78-313. Washington, U.S. Government Printing Office, 1977: vili.
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Whether the R&D position of the Federal budget should be (1)
increased or decreased, (2) redistributed in a different manner, or (3)
both is an extremely complex question. Upon its answer, however,
depends in large measure the military and techno-economic strength
and vitality of the Nation in the next 30 plus years.

5. FEDERAL REGULATIONS

Federal health, safety, and environmental regulatory agencies, such
as the Food and Drug Administration (FDA), Environmental Pro-
tection Agency (EPA), Occupational Safety and Health Administra-
tion (OSHA), Consumer Product Safety Commission (CPSC), Fed-
eral Aviation Administration (FAA), and Nuclear Regulatory Com-
mission (NRC), administer social regulatory programs. Other agen-
cies like the Federal Power Commission (FPC), Federal Communica-
tions Commission (FCC), Federal Trade Commission (FTC), Inter-
state Commerce Commission (ICC), and Federal Maritime Commis-
sion (FMC) administer economic regulatory programs. The distinc-
tion between these regulatory activities is the following:

Economic regulatory programs, for example, control entry of firms into par-
ticular lines of business, set prices they may charge, and sometimes specify the
standards of service the firms can offer. Under certain circumstances the regula-
tions can be useful in regulating natural monopolies or providing income support.
Social regulatory programs, on the other hand, are designed to correct a variety of
undesirable side effects in our economy that relate to safety, health, and the
environment-effects that markets, left to themselves, often ignore. Whereas
economic regulatory programs typically govern the conditions of doing business
in one or more industries, social regulations frequently dictate some of the operat-
ing conditions required of a wide range of industries.'

These two types of regulatory activity-social and economic regula-
tion-may affect R&D and innovation in regulated industries in quite
different ways. For example, in the area of social regulatory activity,
the Federal Government's impact on the drug industry, mainly
through the FDA, is pervasive. The reported fourfold decrease in the
introduction of new drug products in the last 20 years has been attrib-
uted to this regulatory activity by some observers, although other
observers attribute the decrease to the relatively few new basic dis-
coveries in pharmacological R&D over that same period. In the area
of economic regulation, on the other hand, the regulation of the tele-
communications industry by the FCC probably has not stifled R&D
and innovation in telecommunications technologies, although it prob-
ably has slowed down the economic development of the cable tele-
vision (CATV) part of the telecommunications industry.

It has been suggested that the difference in the regulatory effects on
R&D and innovation in these two cases may be attributed to the follow-
ing important differences in the nature of the regulatory activities
involved. The regulation of the drug industry is an example of what,
to a large extent, may be called "process regulation"-regulation of
the way in which the industry produces its products. This type of
regulation directly impacts on R&D and innovation. On the other
hand, the regulation of the telecommunications industry is an example

25 Economic Report of the President. Washington, U.S. Government Printing Office, 1978:206.
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of what, to a large extent, may be termed "end-product or end-service
regulation." In this case, telecommunications R&D and innovation are
not directly regulated but are allowed full rein by the electronics
industry. Economic regulation, however, does affect the technological
products produced due to the regulation of which services may be
offered by the telecommunications industry, the structure of firms in
that industry, and even the competitive structure of the industry
itself.

Another factor to be considered in investigating the impact of regu-
lations on R&D and innovation is the nature of the regulatory stand-
ards promulgated and enforced by the regulatory agencies. There are
two types of regulatory standards. "Technical standards" specify the
equipment or processes that producers must adopt whereas "perform-
ance standards" establish an expected outcome, physical or economic,
but leave the choice of the products or processes involved to the regu-
lated industry itself.

While the above discussion of regulatory factors impacting on R&D
and innovation is oversimplified and a number of other factors enter
in, it is apparent that (1) Federal regulation may affect R&D and
innovation in some regulated industries in a significantly adverse
fashion even to the extent of stifling R&D and innovations, and (2)
whether adverse or not, the different types of regulations affect the
R&D and innovation capabilities of different industries in significantly
different ways. Also important is the fact that even where the amount
of R&D per se is not decreased, the scientific or technological direction
of R&D may be significantly changed from long-range, fundamental
R&D with long-range payoffs to short-range, defensive R&D with only
short-range payoffs.

The total effects of governmental regulations on U.S. industry are
quite complex and are not completely understood today. While dis-
advantageous in some cases, they may be advantageous in other cases,
as when they have stimulated R&D and innovation in the aircraft and
environmental "clean-up" industries. In general, there appears to be
increasing concern that the overall effect of governmental regulations
on industrial R&D and innovation may be negative, particularly in
those cases in which the regulatory process itself is unpredictable,
because inconsistent over time, and characterized by long procedural
delays. Currently, however, there is little firm evidence with which
to substantiate this concern.

The issue of the effects of regulation on industry is currently the
subject of governmental and industry study. It is one of the several
political and governance factors affecting R&D and innovation which
is being examined in the President's Domestic Policy Review of
industrial innovation (mentioned above). Because the issue of Federal
regulation and R&D and innovation is so much a part of the entire
fabric of Federal governance, it may be a very difficult problem with
which to deal. On the other hand, since regulation is directly a creature
of legislation, it can be modified by legislation and executive branch
action in response to increasing knowledge of its overall effects on
industry and society, including its effects on the Nation's R&D
capabilities.

Today, regulatory reform is gaining momentum in both the legis-
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lative and executive branches. On March 23, 1978, President Carter
signed Executive Order 12044, "Improving Government Regulations,"
which directs all executive branch departments and agencies to "adopt
procedures to improve existing and future regulations." Thereafter,
on October 31, 1978, President Carter directed the creation of the
Regulatory Council, comprised of 35 departments and agencies with
significant regulatory responsibilities, to help coordinate Federal regu-
latory activities and expand efforts to manage the regulatory process
more effectively. On February 28, 1979, the Regulatory Council pub-
lished the first Calendar of Federal Regulations in the Federal Regis-
ter. This is a complete list of all major regulations currently being
developed by all executive branch regulatory agencies, plus major
regulations being developed by many of the independent regulatory
agencies.

On March 7, 1979, the Department of Commerce published in the
Federal Register a "Semi-Annual Agenda of Regulations," in com-
pliance with Executive Order 12044, which includes a list of existing
rules and regulations selected for review by that department.

The Carter Administration also established in 1978 the Regulatory
Analysis Review Group, comprised of representatives of the principal
regulatory and economic agencies under the auspices of Charles L.
Schultze, Chairman of the Council of Economic Advisers. This group
has become the focus of the Administration's regulatory reform efforts.

In the 96th Congress major regulatory reform bills have been in-
troduced. to reorganize Federal regulatory agencies to prevent exces-
sive, duplicative, inflationary, and anticompetitive regulation, and to
make regulation more effective and responsive to the public interest.26

Hearings were held by the Senate Committee on Governmental Affairs
in Mareh 1979 on Federal regulatory reform.

6. PATENT, ANTITRUST, AND TAX POLICIES

A number of other governmental policies will directly impact on the
Nation's science and technology capabilities. Patent, antitrust, and tax
policies are representative of such governmental policies although a
number of others, like Government procurement policy, also will im-
pact on science and technology and should be considered in any com-
prehensive analysis of the effects of general government policies on
R&D.

Government patent policy relating to the ownership of inventions
resulting from federally supported R&D is important because of the
large percentage of the Nation's R&D which is supported by the Fed-
eral Government. Although the patent clause of the U.S. Constitution
was designed to stimulate invention, existing U.S. Government patent
policies may, in fact, stifle invention and innovation by discouraging
U.S. industry from attempting to commercialize its inventions and in-
novations developed through the use of Federal funds. This occurs
because existing Government patent policies generally provide that

X For example, the Regulatory Reform Act of 1979, S. 445, introduced by Charles Percy
and Robert C. Byrd on Feb. 21. 1979 and referred to the Committee on Governmental
Affairs, and an identical bill, H.R. 2364. introduced by John B. Anderson et al. on Feb. 26,
1979 and referred jointly to the Committees on Government Operations and Rules.
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title to inventions developed by industry employees with Federal Gov-
ernment support will be retained by the U.S. Uovermnent. Moreover,
many Uovernment patent policies nave been developed and instituted
on an agency-by-ageney basis rather than one comprehensive Govern-
ment patent policy. 'This situation adds uncertainLy and administra-
tive burdens that may discourage firms from tollowing fruitful
avenues of research and development. A reform of U.S. Government
patent policy related to tie ownership of inventions resulting from
federally supported R&D would probaoly help to stimulate industrial
R&D and innovation. Legislation to do this was introduced in the 95th
Congress but was not acted upon. Similar legislation has been intro-
duced in the 96th Congress.

The Federal Government's antitrust policies also affect science and
technology. These policies are perceived by industry generally to pro-
hibit U.S. industrial cooperation in most areas of science and tech-
nology, as well as in most other areas of industrial activity. In some
cases, U.S. industrial firms may cooperate in supporting basic research,
but whenever these activities begin to appear to be mainly commer-
cially related applied research or development, such activities are dis-
couraged or prohibited. These longstanding and generally beneficial
antitrust policies were designed to prevent unreasonable restraints on
domestic trade, monopolies, and so on. Today, however, particularly
vis-a-vis the activities of countries like Japan, these policies may be
becoming counterproductive from the point of view of the United
States' international techno-economic relations. The Japanese Govern-
ment permits industrial-government-academic consortia (often re-
ferred to as "Japan, Inc.") to exist for many commercial purposes, as
in the case of the consortium supporting the Japanese electronics in-
dustry in its development of sophisticated microelectronic components.
Because the United States is entering what appears to be an era of
increased and very competitive international trade with Japan and
countries of western Europe-involving even high-technology prod-
ucts-it now may be timely to investigate in depth the effects that Fed-
eral antitrust policies are having, and are likely to have in the years
ahead, on U.S. industrial R&D and innovation.

Another aspect of Federal policy that affects science and technology
is Federal tax policy. Because of an apparently decreasing U.S. indus-
trial investment in long-range R&D, it may be necessary for the Fed-
eral Government to institute either short-term or long-term tax incen-
tives to stimulate industrial investment in its own R&D capabilities.
Because R&D may be looked upon by some corporate managers as a
long-term investment having only long-term, if any, payoffs, when
short-term financial constraints occur R&D may be one of the first cor-
porate activities to be cut in the interest of maintaining short-term
profits and earnings. To offset such corporate behavior during this and
other periods of national economic difficulties, it may be appropriate
to modify corporate tax policies to stimulate R&D so that the Nation's
future industrial R&D capabilities are not compromised by existing
economic difficulties and (perhaps short-sighted) corporate policies.

Patent, antitrust, and tax policies are examples of Government poli-
cies that will impact on science and technology. In fact, many other
policies not mainly concerned with Federal support of R&D also may
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impact strongly on R&D. While it is impossible without in-depth anal-
ysis to suggest specific reforms, it is possible that many "non-R&D"
policies could be modified to substantially enhance the Nation's indus-
trial R&D performance. An adequate examination of relevant Fed-
eral policies would have to be comprehensive in nature because of the
many countervailing effects that these several policies probably will
have on the national economy in general and on R&D in particular.

F. Societal Factors

The factors discussed above which affect science and technology
either "internally" or "from the outside"-science and technology edu-
cation and other factors internal to science and technology, techno-
economic factors, and political and governance factors-are all, in one
sense, similar. That is, they are in general consciously directed or man-
aged by either governmental or private decision- or policymakers. The
factors affecting science and technology discussed in this and the fol-
lowing sections (societal and environmental factors) are in a sense rel-
atively diffuse factors whose guiding principles currently may not be
fully articulated. These factors may be more in the nature of "move-
ments" rather than policies or programs. For that reason, however,
they will not be less important or serious than the other factors af-
fecting science and technology discussed already. In terms of the fu-
ture, in fact, they may be more important because they may either
coalesce into major, articulated policies that overshadow those policies
driving science and technology today, or become militant mass move-
ments that swamp the machinery of government.

1. ANTPTECHNOLOGY MOVEMENTS

The anti-technology movement, to the extent that it exists, is prob-
ably deeply rooted. The human tragedies of the industrial revolution
which began in England in the 1750's continue today. When machines
and people come together, people often suffer. Since the early 1900's,
this view of science, technology, and industrialization has changed
and people (most Americans at least) now feel that science, technol-
ogy and machines have truly been domesticated. Certainly, the average
American's life is eased in many ways by science, technology, and the
material goods produced by industry.

Since the early 1960's, however, a small minority of Americans has
been rebelling against American society and against American tech-
nology in particular. This rebellion may have been partially a reaction
to problems endemic to materialistic affluence, like environmental deg-
radation, and to the technological horrors of the war in Vietnam. Per-
haps another reason for such anomie is a perception that technology
is really only a powerful tool-moreover, a "value free" tool-that can
be used for good and evil, and more importantly, for amplifying either
good or evil. Perhaps the inchoate anti-technology movement is
sparked by the vision that science and technology may consequently
out-distance man's ability to control science and technology for his own
benefit and that the point of no return is rapidly being approached.

Science and technology have obviously changed society in many
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profound ways. The pill-a biomedical technology-has significantly
affected the nature of the American family, the most basic unit of so-
ciety and the cement holding society together. Another pervasive tech-
nological situation is the invisible cloud of possible nuclear destruc-
tion overhanging the world.

While it is probably inconceivable that the Nation through political
action will turn the clock of techno-economic development back, the
long-range effects of man's love-hate relationship with science and
technology are uncertain. Many science fiction writers have written
popular scenarios of possible technological futures. The one thing most
common to these scenarios seems to be that the technological-societal
situations depicted in them are either (1) unacceptable to us, the read-
ers, and/or (2) unacceptable to the fictional characters of the future
represented in the stories.

Science and technology have created many problems and opportuni-
ties for society. The view of most scientists, engineers, and science and
technology policymakers seems to be that science and technology can
create still more societal opportunities and solve most of its own prob-
lems. Because of the pervasive effects of science and technology on
society, however, citizens themselves are now becoming concerned with
science and technology and its effects. Public participation in science
and technology policymaking probably will become common and may
be an important factor in the future of science and technology in this
Nation. Public participation in science and technology decisions may
be one way to offset the tremendous internal dynamic of science and
techno-economics that is often referred to as the "technological im-
perative."

Technology assessment (TA) is a relatively newly institutionalized
technique or set of techniques to evaluate the second and third order
intended and unintended effects of science and technology on society
and the environment. Whether technology assessment, as currently in-
stitutionalized in the congressional Office of Technology Assessment
and other organizations, will satisfy society's need to control science
and technology for its own benefit is doubtful, but it does represent one
form of needed societal control in the area of the applications and
effects of science and technology.

A very important and difficult area for politicians and science and
technology policymakers in the future will be to develop new institu-
tional processes, like public participation and technology assessment,
to aid in harnessing fully the technological imperative for man's bene-
fit. Unless Government does this first, adversely affected citizens may
support antitechnology movements that could develop enough momen-
tum to do the same thing in a non-economic or even destructive fashion.

2. CHANGING VALUES

Societal values change over time. The basic difference today is that
societal values apparently are changing much more rapidly than ever
before in U.S. history. Alvin Toffier wrote a popular book based on the
thesis that too rapid changes in basic societal parameters and values
will cause "future shock" 27 in many persons and consequently in

27 Toffer, Alvin. Future Shock. New York, Random House, 1970. 505 p.
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society as a whole. The shock would be due to the inability of individ-
uals and society to become stabilized or comfortable with one set of
societal values and norms before another set replaces it. Much of the
apparent malaise in many nations of the world today may be at-
tributable to societal shock due to rapidly changing value systems.

Even without an apocalyptic view of rapid value change causing
societal shock, societal values still may be changing rapidly enough to
cause basic transformations in societal and governmental priorities in
the future.

In subsection E.1, above, current national science and technology
goals were discussed with a suggestion for a new goal derived from
redefining national security to include techno-economic security. Such
a new national goal would still be within the basic frame of reference
of contemporary U.S. society. The issue here is-will societal values
change so rapidly over the few remaining years of the 20th century
and into the 21st century that they will impact on and significantly
change the Nation's techno-economic structure as it is constituted
today?

There are indications that technology-related values are changing to
some extent. For example, the emerging "small is beautiful-appropri-
ate technology" movement is based on the concept that technology
should serve basic human and social needs, such as wholesome com-
munity development, rather than drive society mindlessly along tracks
laid in obedience to the "technological imperative." The very subtitle
of Schumacher's book,28 "Economics as if People Mattered," suggests
that some people perceive the need to change existing techno-economic
values into more humanistic values.

In Chapter V, below, three scenarios of possible futures are dis-
cussed. One of these scenarios is called the "Changing Values Sce-
nario." Possible effects of widespread changing societal values on tra-
ditional techno-economic processes are mentioned in the following
terms:

In this evolving change, a "self-reliance" ethic likely will replace
continued reliance on, and growth in, socio-economic and political
system complexity. The concept of quality of life will remain a
subject of ineffective public discussion, but the dominance of
growth will slowly give way to emphasis on "enrichment" of life.
The importance of the family will return-redefined to include
all close personal and living arrangements.

The emphasis on enrichment will result in a paradigm shift in
the economy-reflected in new consumer spending pattern and
resistance to new and/or high technology products which challenge
the self-reliance ethic. Traditional small businesses and low-tech-
nology industries will flourish, while giant corporations will
struggle to attract and keep talented personnel at all levels.

Assuming changing values, a question remains-what would drive
significant and rapid changes in societal values if they were to occur?
In a word, the answer probably would be "techno-economic backlash."
If the negative effects of a rapidly developing techno-economic society
are perceived by many people to outweigh the positive effects, basic

.s Schumacher, E. F. Small Is Beautiful: Economics as if People Mattered. New York,Harper and Row, 1973. 290 p.
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value shifts would occur. Today there are signs that old and long estab-
lished societal values are being eroded rapidly, although it is uncertain
what future values will replace them. Much current evidence indicates
that a large part of the older value system-for example, the so-called
Protestant work ethic-may be in the process of irreversible change.
The implications of a techno-economic society's loss of a broadly-based
ethical foundation for hard and productive work are enormous and
may suggest part of the reason for the growing strength of Japanese
and western European international techno-economic competition vis-
a-vis the United States. It is held by many historians that most
societies grow, stabilize or mature, and then decay-generally from in-
ternal corruption. It is not inconceivable that the United States may
be entering either its period of mature stability or showing the first
signs of decay.

The possibilities for exploring all the implications of changing
societal value on existing techno-economic society are almost endless.
It is enough for this discusion to indicate that some signs point to
basic societal value changes that could transform American techno-
economic society as it is now constituted into what may be termed either
(1) more humanistic, for example, from an "appropriate technolog-
ist's" point of view or (2) decadent, from the point of many of todays
captains of industry. The future of techno-economic society could, in-
deed, be "shocking" if the "technological imperative" runs head on into
the "humanistic imperative."

G. Environmental Factors

Much of the Nation's environmental degradation is caused by the
waste products and industrial processes of its complex and pervasive
techno-economic system. Three major problems caused by the environ-
mental effects of a techno-economic society are (1) the danger of ap-
proaching the earth's finite capacity to absorb man-made wastes effi-
ciently and safely, its "carrying capacity," (2) natural resource deple-
tion, and (3) the economic burdens resulting from the social and eco-
nomic costs involved in using, protecting, preserving, and restoring
the environment, including the costs of using natural resources for
man's material needs.

The Nation, and particularly Congress, appears to be dedicated to
conserving the Nation's natural environment to the greatest extent
possible consistent with other national goals, such as continued techno-
economic growth. The methods chosen to do this involve allocating the
social and economic costs involved in environmental use or abuse to the
major societal sources of such use or abuse, like industrial manufac-
turers.

The evolving system of allocating environmental responsibility and
cost has caused some industrial manufacturers, for example, to expend
large amounts of money on techniques and equipment to ameliorate
pollution or to clean it up. The effects of this requirement on industrial
R&D is sometimes positive and sometimes negative. It has been positive
in cases like that of the "environmental clean-up" industry, where in-
dustrial R&D has provided useful products to protect the environ-
ment. It sometimes has been negative in the sense that some industries
have had to reallocate limited R&D funds from primary, profit-ori-
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ented R&D to "defensive R&D" in order to cope with governmentally-
imposed environmental requirements.

While the net effect of governmental environmental requirements on
the current state of industrial R&D is uncertain, it is certain that the
costs of protecting the environment are being borne by industrial firms
to a greater extent today than was the case in the past, and the likeli-
hood is for this trend to continue. Unless U.S. industry meets its re-
sponsibility to protect the environment, deep-seated environmental
protection and/or antitechnology movements could result. On the other
hand, excessive governmental requirements to control industrial en-
vironmental effects could cause extreme financial hardships in some in-
dustries and stifle R&D or redirect it into "non-productive"-areas in
other industries.

What is likely to occur is that under Federal (particularly, con-
gressional) direction, a practical balance will be achieved between en-
vironmental protection and industrial techno-economic activity. Be-
cause the carrying and resource capacity of the earth appears to be
enormous, extreme limits on U.S. industrial activity are unlikely to
result from reasonable efforts to protect the environment. Environ-
mental concerns probably will continue, however, to be an operating
constraint on business and hence an additional cost of doing business in
most areas of techno-economic activity.

The major future environmental danger to the United States would
seem likely to come from another direction-in a broad sense, from
exponentially increasing world population and the apparently con-
comitant raising of material expectations of many of the world's
peoples. The Earth is a finite system that, enormous as it is, can only
sustain finite populations which may be of differing sizes under differ-
ing techno-economic conditions. The rest of the world is part of the
natural environment of the United States. One need not be a "limits
to growth" doomster to be concerned about the ability of the carrying
and resource capacity of the Earth to absorb multiples of the Earth's
current four billion person population. At current population growth
rates, those four billion persons will become eight billion persons in
about 30 years. No one really knows if man's worldwide socio-techno-
economic systems can cope with that population strain. Fortunately,
there are indications that this population growth rate is decreasing
worldwide. "Technological fixes," like birth control technologies,
might theoretically be able to solve the world's population problem,
but cultural factors may nullify the use or effectiveness of such
technologies.

The long-term environmental factors which will threaten the United
States probably can be summed up in what may be termed the total
world "population-food-natural resource equation." The equation must
balance or the total world environmental system will degrade. In terms
of human life that probably would mean increased suffering and death
of many people in several parts of the world.

H. Recapitulation

In the preceding sections of this chapter, some 22 factors internal
to science and technology or impacting on science and technology
from the outside are identified and discussed. Some of these factors
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are broad, major issues and some are narrow but insistent issues. What-
ever their dimensions, in one sense they have to fit together like the
varying sized pieces of a jigsaw puzzle for a complete picture of
national science and technology to emerge.

In a jigsaw puzzle, the most important aspect is the organizing
principle underlying the whole puzzle. In the case of science and
technology, the organizing principle may be national science and tech-
nology policy and management as discussed in subsection E. 2. With-
out such an organizing principle, many parts of the Nation's science
and technology system may be made optimal while the science and
technology system as a whole may suffer from an unbalanced alloca-
tion of R&D resources.

If science and technology continues to be fundamentally important
to governance and to the Nation's techno-economic society, science and
technology policymaking probably should be improved. To optimize
science and technology policymaking at the Federal executive branch
level may involve a comprehensive and in-depth rethinking and re-
structuring of the national science and technology policy establish-
ment. It also mav involve the establishment of a new science and tech-
nology coordinating and management organization in the executive
branch with more cross-cutting authority to require actions through-
out the operating levels of U.S. departments and agencies than is
currently permitted.

III. MAJoR WoRLD PROBLEM AREAS

The preceding section discussed what may be termed the "systemic"
factors characteristic of the U.S. socio-politico-techno-economic sys-
tem. If this system is taken as a manageable entity, the rest of the
world, for purposes of discussion, may be considered to form the out-
side environment of the system. What is this "environment" like?
How does it impact on the U.S. techno-economic system? These ques-
tions indicate another dimension of the role of science and technology
in the future-the role of science and technology in a global context
as a contributor of solutions to major worJd problems.

A. Example8 of Major World Problem. Areas

An examination of a number of futures-oriented studies which in-
vestigated major world problem areas suggests several principal cate-
gories of major world problems which are not less important for being
fairly obvious. The following is a listing of major world problem
areas with two or three examples under each of specific problems and
opportunities which likely will face science and technology decision-
makers in the years ahead. The listing is not meant tobe comprehen-
sive, but rather suggestive of the many world problems and opportuni-
ties in which science and technology likely will be involved during
the "outlook period" of this Science and Technology Outlook-a pe-
riod beginning in about 5 years and extending 15 or 30 years in the
future.

World Population Growth and Aging Populations
Population and fertility control research
Research on problems of aging populations
Research on life-extending technologies
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Food: Agricultural Production and Distribution
World shortages of food due to low production and maldis-

tribution
Weather modeling for agricultural purposes
Development of the technology of aquaculture

Foreign Affairs and Military Security
Space-based "beam" weapons
Joint military-civilian technology development
Nuclear proliferation and safeguards

Techno-Economic Security and Viability
Domestic barriers to technological innovation
Decrease of dominant U.S. position in aeronautics and elec-

tronics vis-a-vis Japan and western Europe
The computer revolution

Energyv
Enpending supply crisis in oil and gas due to national de-

pletion
Reevaluation of the need for breeder reactors and fusion

power
Environment

Cumulative effects of pollution
Regulation of weather modification
Resolution of the nuclear energy-environmental impact issue

Non-Energy Resources and Materials
Raw materials shortages
Use of organic renewable resources
Dee p ocean mining

Political and Societal Tensions and Breakdowns
Effects of stress on societies and individuals
Growing need for appropriate technology
Need for social innovations

Health and Biosciences
Potential conflicts regarding nonconventional (holistic)

health care
Nutrition research
Bioethics

Human Settlements
Need for new technological opportunities in housing
Potential for new urban violence

Transportation and Telecommunications
Alternative automotive power system R&D
Need for new technological opportunities in urban transpor-

tation
Telecommunications effects on postal service, publications,

and business operations
Education

Aging of academic scientists
Adequacy of science and engineering manpower levels
Use of educational technologies

Governance
Limits to the management of large, complex systems
Participatory democracy by means of computerized elections

and referenda
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Science and Technology Imperatives and Prospects
The potential use and misuse of "consciousness technologies"
Opportunities in social and behavioral sciences
Catastrophic experiments

Neither the above taxonomy of world problem areas nor the ex-
amples of science and technology problems and opportunities under
each category is definitive. Its purpose is to emphasize that science
and technology will impact on, and will be driven by, major world
problems in much the same way that they will impact on and will be
driven by ~the "systemic" factors discussed in Chapter II. The ramifica-
tions of this situation are that the long-term outlook for science and
technology will be largely determined by the interplay of science and
technology with major world problem areas. Neither subject can be
analyzed in isolation if sound policy conclusions and decisions are to
be reached. Particularly, the outlook for science and technology will
not be determined either by (1) U.S. scientists and engineers, (2) U.S.
business and academic leaders, or (3) U.S. Government science and
technology policymakers alone pursuing their own interests. It will
be determined by these persons and the rest of the world's policymakers
together in response to, or in anticipation of, world problems and
forces like those outlined above.

B. Foresight and S&T Management "Linkages"

The ability of national policymakers to formulate adequate socio-
techno-economic policies having long-term perspective would seem to
hinge on the Nation's (governmental and/or private) ability to de-
velop adequate techniques and processes for policy foresight in the
areas of science and technology as well as in economic, social, environ-
mental, and other world problem areas. Equally as important, and
probably even more difficult to institute, would be strong and workable
management "linkages" between (1) the analyses and intelligence
provided by policy foresight specialists and (2) the real-time and
Realpolitik requirements, for example, of Members of Congress for
legislative inputs and officials of the executive branch for inputs for
programmatic decisionmaking. The effectiveness of science and tech-
nology in the future may well depend largely on whether science and
technology inputs can be acted upon by decisionmakers in time to
ameliorate emerging problems before they develop into major
problems.

The institutionalization of foresight information collection and
analysis seems to be developing reasonably well today both in govern-
ment and in the private sector. The major operational weakness asso-
ciated with foresight now seems to be in the lack of a system of formal
"linkages" to decisionmakers. The establishment of strong manage-
ment "linkages" between foresight specialists and policy decision-
makers would seem to be central to optimizing the Nation's science and
technology capability in order to deal with major world problems.

It is easy to give examples of how science and technology policy
formulation may not be working well today. The decades-long con-
troversy over the long-term effects of nuclear power development-
which has led to a significant slowdown in nuclear power plant de-
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ployment in the United States, and the Rasmussen Report and the
newer "anti-Rasmussen Report"-is a case in point. Scientists and
engineers have contributed to both sides of the controversy. Science
and technology policy decisionmakers, as a group, are still uncertain
as to how to deal with nuclear power production and its related
problems.

The essential questions will include-is this situation endemic to
science and technology foresight? Or will science and technology fore-
sight be better institutionalized to cope with such broad S&'E'-based
societal issues? The answers to such questions are important if the
United States is to be able to make long-range plans involving sci-
ence and technology programs having long research and development
lead times, such as nuclear power plants, or having potential long-term
effects, like the cumulative effects of pollution. Unless science and tech-
nology foresight processes can -be developed to the point where they
will (1) contribute more to the validation of foresight intelligence and
(2) reduce this information to useful real-time and Realpolitik policy

inputs for governmental and private decisionmakers, the long-term
outlook for science and technology is likely to be that they will often
function in a reactive mode-which may mean a crisis mode-to the
major world problems outlined in this chapter.

The development of an effective, operational system of S&T fore-
sight-policy linkages will no doubt be quite difficult, however, it may
be one of the most important areas for the Congress to examine in the
immediate future.

An approach to establishing an operational system of science and
technology foresight-policy linkages might be to institute, in an ap-
propriate high-level governmental structure, a formal set of proce-
dures through which foresight information could be collected,
evaluated, stored, and then disseminated, for example, as either (1)
trend extrapolations and/or forecasts in a standardized format, (2)
interactive, computerized data programs permitting manipulation of
data by means of video screen terminals, and (3) special reports on
specific topics requested by policymakers which would be prepared by
foresight specialists.

An important aspect of such a linkage mechanism might be the
establishment of a set of criteria by which to evaluate the validity of
trend data and forecasts in light of 'the requirements of national
policymakers. One procedure might be to ask a series of questions-all
of which would have to be answered adequately -before the trends and
forecasts would be considered reliable enough for use by policymakers.
By establishing a system to evaluate trends and forecasts and to trans-
fer this information directly to policymakers, the range of uncer-
tainty involving foresight policy subjects might be reduced, perhaps
thereby improving and expediting policymaking in regard to a host
of policy areas requiring program implementation, or having societal
effects, in the near-term future (over 5 and up to 15 to 30 years in the
future) .

One set of important questions concerning policy and the future has
been suggested by Robert W. Lamson.2 9 Because such questions give

29 Lamson, Robert W. Checklist of Important Questions Concerning Policy and theFuture. Unpublished: 3-6.
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the flavor of the types of questions discussed in the preceding para-
graph, the major categories of questions are outlined here:

1. Alternative futures
Possibility
Probability
Impacts
Risk
Contingency
Uncertainty
Saliency
Desirability
Controllability

2. Desirable future worlds
3. Problem, causes, impacts
4. Options and impacts
5. Values
6. Implementation
7. Costs, benefits, risks
8. Evaluation

Criteria and methods
Feasibility
Effectiveness
Efficiency

Comparison and trade-off
9. Priority

10. Recommendation
If policy issues involving major futures components could be sub-

jected to a rigorous set of questions, similar to the above, administered
by a high-level governmental structure, then policymakers might have
a source of fairly reliable trends and forecasts upon which they could
depend to a reasonable degree and which would also serve as a bench-
mark for evaluating trends, forecasts, and other foresight analyses
prepared throughout Government, academia, and the private sectors.
If such a structure could be created, earn the respect of policymakers,
and be used by them, a practical and effective system of science and
technology foresight-policy linkages might result.

IV. EMERGING TEcHNOLOGICAL DEVELOPMENTs

Another aspect of science and technology needs to be investigated
in the development of a comprehensive Science and Technology Out-
look. In addition to those factors internal and external to the operation
of the national science and technology "system" (Chapter II), and
the role of the U.S. science and technology system in a global context
as a contributor of solutions to major world problem areas (Chapter
III), is the emergence of specific scientific and technological develop-
ments, driving or deriving from the above factors, which have the po-
tential of significantly effecting society in the future. A few selected
examples of such emerging technological developments are discussed
in the following paragraphs. The purpose of this discussion is to high-
light the need for future technology forecasts and impact assessments
to investigate in depth these and similar emerging technological
developments.
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The representative emerging technological developments discussed
below are: 30

1. Birth Control
2. Food: Aquaculture
3. Health: Combating Future Cancers
4. Biosciences and Bioethics; DNA
5. Microelectronics: Computers and Telecommunications
6. Transportation: Short-hop STOL Airliners
7. Technology-abetted Political Participatory Systems
8. Energy: Oil Shale
9. Energy: Fusion

10. Space Colonization

A. Birth Control

Perhaps the major problem likely to face the world as a whole in the
future is the food-population balance-or imbalance. Although the
problem is likely to be most severe in Asia, South America (including
Mexico), and Africa, even in the United States the impact of over-
population may be felt acutely and immediately in future urban en-
vironments, where the social issues of poverty, illiteracy, crime, hunger,
disease, depression, and general unhappiness are compounded by over-
crowding. Problems associated with overpopulation affect the com-
munity, as well as the family and other social units within that
community.

Although much work has been done on birth control technologies to
date, "current [birth control] technologies cannot be regarded as ade-
quate to meet individual or societal needs in either industrial or de-
veloping nations." 31 Moreover, because of the required lead time in
implementing new medical technologies for human use, any method of
contraception or birth control that is going to be utilized by the 1980's
must be at the advanced stages of testing now. The message is clear-
to meet the overpopulation problems of tomorrow, R&D on birth con-
trol must continue to be carried on diligently today.

Of course, birth control is not a simple issue in which a mere "tech-
nological fix" will be sufficient. The major problem, and the main focus
of the report cited above, is summarized in the following statement:

The heterogeneity of personal, cultural, religious, and economic circumstances
in human iife, as well as the varying neEds of individuals at different stages in
the life cycle, impose diverse demands upon the technology. It is thus likely that
there will never be an "ideal" contraceptive for all circumstances. What is needed
is a broad array of contraceptive methods that require less complex distribution
systems that are safer, less discomforting, and more convenient than current
methods; that combine high acceptability with high continuity of use; and that
are suited to the diverse requirements imposed by the diversity of conditions
throughout the world. 32

25 These examples are taken from-and liberally quote-articles by Vikki Zegel,
Christopher Dodge, Jo-Ann McNally, Marvin Kornbluh, George N. Chatham, Paul Roth-
berg, Lani Raleigh, and Marcia Smith of the Science Policy Research Division, and Keith
Bea of the Foreign Affairs and National Defense Division, of the 'Congressional Research
Service in the following three CRS Reports: Selected Profiles of Future Tchnology (78-67
SPR), Mar. 17, 1978; Selected Profiles of Future Technology in Urban Settings: Physical
and Environmental Developments, Volume I (78-105 SPR), April 19, 1978; and Selected
Profiles of Future Technology in Urban Settings: informational and Behavioral Develop-
ments, Volume II (78-106 SPR), Apr. 19, 1978.

5S Greep, Roy 0. et al. Reproduction and Human Welfare: A Challenge to Research. The
MIT Press, Cambridge, 197t: 4.

82 Ibid.

56-367 0 - 81 - 32
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B. Food: Aquaoulture

Where will the food come from to feed the world's future doubled or
quadrupled population? One possibility is aquaculture-a developing
but still infant technology.

On an international scale, the United States does not rank very high
in the aquacultural production of fin fish and other fisheries products.
China leads the world in the production of fin fish, most likely due to
the widespread cultivation of carp in that country. India and the
U.S.S.R. also occupy leading positions in aquacultural production.

Between 1966 and 1976, world aquacultural production increased by
20 percent. This latter figure may double by 1985 and double again by
the year 2000. This favorable growth projection does not extend to the
United States where aquaculture has been characterized as
"stagnating."

Tile consensus of opinion is that the total theoretical potential of
aquaculture is high. Whether that potential can be attained and
sustained is problematical. In addition to technical and economic dif-
ficulties to be overcome, global pollution is an increasing threat to
future aquacultural enterprises. Furthermore, it seems likely that
maximized production of aquatic foods can be achieved only if aqua-
culture is emphasized and its development is aided by consortia of
government, academic, and industry-supported research and develop-
ment programs. Given such support, many experts feel that in the
future the harvest of cultured aquatic stock may come to rival the
traditional, barely managed harvest of wild stocks.

C. Health: Combating Future Cancers

Many cancer researchers estimate that 60 to 90 percent of all cancers
are environmental in origin. Recently, Dr. Bruce Ames, a noted car-
cinogen researcher from the University of California at Berkeley,
predicted that a cancer "epidemic" is coming because of the chemical
production boom which occurred in the 1960's.33 It appears to be
entirely possible that the incidence of cancer may increase dramati-
cally in the next 5 to 15 years because of increased exposure in the
1950's and early 1960's to factors which have been linked to cancer.

An epidemic or even a noticeable increase in the cancer rate would
mean more cancers, and presumably more deaths, unless cures are
found. In addition to the primary impact-increased and widespread
human suffering-there would be indirect economic costs involved. For
example, the economy would likely suffer if stricter controls on pollu-
tion and chemical production would cause a decrease in innovation
and new product development with the increased cost being passed
along to consumers. A higher incidence of cancer would also hurt the
economy by increasing medical costs and by more lost work days be-
cause of illness and death.

Current public reaction to carcinogenic risk raises doubts that the
public will voluntarily avoid carcinogenic substances, assuming that
they are aware of such risks. For example, even though cigarette smok-

a Bruce Ames Tells NCI Advisory Group that a Cancer "Epidemic" is Coming. Pesticide
and Toxic Chemical News, Sept. 21, 1977: 15.
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ing has been shown to increase the risk of lung cancer, many people
continue to willingly expose themselves to such a risk despite all ef-
forts to encourage them to stop voluntarily.

If the incidence of cancer becomes even greater than it is, it is possi-
ble that even more resources will be devoted to cancer research in the
future.

D. Biosciences and Bioethics: DNA

DNA recombinant molecule research is a relatively new technique
that employs special enzymes to "cut" the DNA molecule and to "re-
combine" the various sections, thereby arranging the fragments into
a new sequence of hereditary material.

The potential of DNA research for great benefits in medicine and
agriculture has been contrasted with speculation regarding potential
hazards and concerns about the morality of research that involves
genetic manipulation. For example, the potential medical benefits to
be realized if insulin could be mass produced in a "biological factory"
system, through genetic recombination techniques, must be weighed
against the potential risks to health and/or the environment if an
uncontrollable pathogen were to be inadvertently created in the proc-
ess of the research. Corrective gene surgery (a far more distant po-
tentiality) for genetically defective human beings must be viewed in
the total context of attaining the capability to alter the genetic make-
up of the human species. There are those who feel that this particular
research technique should be stopped entirely because of the potential
for hazardous consequences.

An issue not specific to the DNA controversy, but highlighted by the
debates stimulated by this research field, is whether the Nation is to
begin a more intensive regulation of basic research and, indeed, wheth-
er the scientific community has reached the point where public pro-
hibition of the search for knowledge should be considered. From this
perspective, the DNA issue has forced an examination of questions
which deal with what research should be prohibited, who should make
the decisions on prohibition, and how these prohibitions should be
enforced.

E. Microelectronics: Computers and Telecommunications

With microelectronic fabrication, electronic circuit elements and
their interconnections are manufactured in a single crystal of silicon-
called a silicon chip. When thousands of circuit elements are integrated
on one chip, the integration is said to be large-scale, and the circuits
are termed large-scale integrated (LSI) circuits. A microprocessor,
which is the central arithmetic and logical unit of a digital computer,
fits on a chip; other chips are built as memory devices to hold thou-
sands of bits of information.

The substitution of integrated microelectronic devices for discrete
elements has quite a number of advantages including: (1) Reducing
manufacturing costs considerably since both labor, materials, and floor
space are saved; (2) making for greater reliability than solder joints
and connections; (3) consuming less operating power; (4) requiring
less air conditioning; (5) permitting greater operating speed in ap-
plication; (6) permitting tiny, compact, and portable electronic de-
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vices to be fabricated; and (7) requiring less intermediate testing of
applications. Many of the technological achievements in the 1970's
have depended on microelectronics.

The potential applications of microelectronics are so numerous that
practically all aspects of life in the forthcoming decades will be influ-
enced by its impact. In business offices, for example, desk-sized com-
puters are likely to become almost as common as typewriters. A new
generation of powerful measuring instruments and control devices
are likely to emerge. In industry, microelectronics will make possible a
new generation of "robot arms and hands" capable of factory-assembly
operations heretofore too complex for mechanization. These robots
will be keyboard manipulated. Microelectronics in automobiles will
provide many new services and potentiallly contribute to more effi-
cient fuel use. In the home, the rate of progress in microelectronics sug-
gests that in about a decade many individuals will possess a notebook
size computer with the capacity of a large computer today, but much
simpler to operate.

All of these probable future increases in processing capacity, ac-
curacy, and data manipulation at decreasing cost will not only extend
traditional equipment applications of electronics, but are likely to
bring qualitative changes in the way human beings interact.

Synergisms in the fields of microelectronics and telecommunications
suggest that a good deal of intelligence is likely to be built into com-
munications devices. Emerging today, for example, is a powerful
blend of computer and telephone technologies called the computer con-
trolled private branch exchange (PBX), also called the computerized
switch or the "intelligent exchange." The new PBX is made possible
by the advent of low-cost, high-performance, large-scale integrated
(LSI) circuits. These developments in the construction and applica-
tion of the telephone will have significant impacts on the costs of doing
business in urban areas and will probably have a beneficial effect on
urban congestion by reducing the need for personal visits. Further,
many of theforthcoming developments in telephone technology will fa-
cilitate the location of more and more business outside of urban areas.

Other emerging telecommunications technologies include the video
telephone, under development for many years, which will have the
capability to display still images of documents in a clear and readable
manner and in such a way that viewers at both ends of a telephone line
can point to items on the screen. The use of video telephones is likely
to increase over the next 10 to 15 years-primarily because their costs
are expected to decrease significantly along with an improvement in
quality and reliability.

Television channels of various types are also likely to become more
widely used as substitutes for physical travel to meetings, classes, con-
ferences, and even to jobs. As the costs of energy increase, the costs of
transportation will also rise. Television channels will be increasingly
regarded as cost-saving devices and strain-reducing mechanisms
rather than as luxury items or status symbols. Teleconference rooms,
designed for meetings via telecommunications links, will probably be-
come commonplace in business.

These and similar advances in microelectronics and telecommuni-
cations, and in synergisms between the two, suggest that computation
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and telecommunications in the near-future are likely to develop to such
a degree that personal and business interactions could significantly
alter traditional work-habitat-leisure-transportation relationships.

F. Tranmportation: Short-hop STOL Airliners

Today we see the results of powerful trends which have caused most
of the Nation's heavily used air terminals to be so remote from popula-
tion centers that people spend as much time getting to and from air-
ports as they do in the air. Land requirements are large for major ter-
minals and land is less expensive in areas remote from the cities. Re-
mote siting also reduces noise complaints.

Today's system emerged fromu an almost continuous emphasis on
efficiency for high-speed, long-range trips. It is therefore poorly suited
to about one-half of the market which is for trips of 500 miles or less.
As often as not, a short trip involves travel to a terminal which is
not located at the city desired, a situation calling for additional sur-
face travel. In brief, today's system is poorly suited to short-haul
travel, often requiring total travel times which exceed the travel of
the same trip by a surface system. From an economic point of view,
it would appear that the characteristics of today's system cause it to
be unsuitable for what is probably the largest share of the potential
airlines market. Therefore, the long-standing trend toward high-speed,
long-range flights has caused a neglect of a market greater in poten-
tial size than the one being served.

One solution to the problem of neglected local-travel and short-haul
markets and remotely located air terminals is a system of small con-
venient airfields from which special aircraft capable of short takeoffs
and landings (STOL) are operated. The Federal Aviation Adminis-
tration (FAA) has urged the development of such a system for more
than two decades. Experimental trials made by airlines have also dem-
onstrated the workability of the STOL transportation system. Yet
throughout all of this time, the STOL system has remained a poten-
tial solution which many persons want but no one can implement. No
one will develop or buy STOL airplanes for use on an airfield system
that does not exist and conversely no one will develop a STOL airfield
system for nonexistent STOL aircraft.

A close look at what is happening today reveals that the much sought
after short-haul STOL system is indeed slowly emerging. In fact,
STOL-sized airports do exist after all. They are called General Avi-
ation Fields and there are about 12,000 of them in the United States.

By about 1985, the most rapidly growing category of commercial
air service probably will be the short-haul commuter system. By 1995,
the traffic demand probably will have created a growing market for
specialized 100- to 200-passenger STOL transports. It is probably rea-
sonable to forecast that a STOL system will come into existence in
about 20 years.

G. Technology-A betted Political Participatory System8

By the year 2000, the political pressures on elected and appointed
public officials may be compounded to unmanageable levels. To ameli-
orate this situation, a variety of procedures for policymaking, rule-
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making, and administration are being applied to the public sector.
One of these procedures is public participation. Public participation
can be an aid to embattled representatives, isolated administrators, and
interested citizens alike. The purpose of public participation is to com-
plement and extend representative democracy, and improve the service
of the public sector.

To facilitate the incorporation of citizen participation efforts in
day-to-day public affairs, many technologies and techniques could be
used to increase communication between public officials and citizens.
One such technology, interactive cable television, has a potential for
large-scale application to citizen involvement processes 10 to 20 years
in the future.

With the aid of a computer terminal plugged into a cable television
(CATV) set, it has become possible to turn today's broadcasting sys-
tem into a two-way, interactive communications device. The terminal
contains a series of buttons that provides the viewer with the oppor-
tunity to register his vote on any issue displayed on the screen. These
votes are immediately assimilated into a centralized computer for
analysis and counting.

Interactive CATV may be used to conduct informal opinion polls
of citizens that would not only indicate how a majority of the respon-
dents felt on an issue, but would register the degree of variance of
minorities from the majority in the community and the perceptions
shared by the minority viewpoints. Also, with its capability to "nar-
rowcast" or communicate only with specified members of the audience
(for example, doctors, residents of a specific zone, parents of school

children), it would be possible to identify and poll specific local areas
with parochial interests.

The technology, however, has apparently not advanced to the stage
where the device could be used as direct input mechanisms for voting.
There are many questions of security, public availability, and sys-
tem reliability that would have to be addressed before it can be used in
this capacity. Still, by 1990 or 1995, the potential for using this tech-
nology in policymaking and planning may be realized, particularly
on the local level.

H. Emergy: Oil Shale

Energy problems likely will plague the Nation for many years. Con-
sequently, all alternatives to imported petroleum must be carefully
considered and even, from time to time, reconsidered. One of these al-
ternatives is the huge energy potential locked in the oil shale deposits
of the western United States-sometimes referred to as "mountains of
black gold." The quantity of oil that may be extracted from shale is
more than twice the quantity of oil contained in the Middle East. As
the United States shaped its national energy strategy, however, in-
creased attention focused on the problems of shale development rather
than on the potential offered by that resource. Consequently, the pros-
pects for commercialization began to dim.

Today, the outlook for shale oil production is rather bleak in terms
of significantly contributing to U.S. petroleum needs. By 1985, shale
oil is likely to contribute less than one-fourth of one percent of the
Nation's oil needs. Even when an industry emerges, its growth is ex-
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pected to be slow and gradual. Commercial-scale projects have not yet
proven to be enviromnentally acceptable or economically competitive.

The first commercially produced shale oil is likely to be extracted
by underground technology, called in situ processing. Using this tech-
nique, the shale is burned underground and shale oil is pumped to the
surface. An industry using this technology and producing 50,000
barrels per day would result in few of the impacts typically envi-
sioned for a large scale oil shale industry. Manpower requirements are
relatively small for an in situ plant, thus, few adverse social and eco-
nomic impacts are expected. Consumptive water use for an in situ
industry is much lower than that required for an industry processing
shale above ground. Surface water contamination might be engineered
to be minimal with dikes and water recovery systems. A major en-
vironmental concern of in situ processing is the potential pollution
of underground water supplies.

If an industry producing 50,000 barrels per day would prove to be
competitive and environmentally acceptable, many expect that there
would be increased investments in shale plants.

Taking such factors into consideration, the oil shale industry in the
near-term future (about 1985) is expected to be small and localized
primarily in northwestern Colorado. A major policy issue, therefore,
is what will the United States do in the long-term future with its
"mountains of black gold?"

1. Energy: Fu8ion

Nuclear fusion may be a very important future source of national
energy production. The advantages of nuclear fusion power appear
to be that it has comparatively fewer environmental problems than
current fission plants and relies on low-cost, readily available, in-
exhaustible fuels. The implications of fusion power for national secu-
rity and the environment are therefore substantial.

The difficulty in achieving nuclear fusion is that such reactions do
not begin to occur until the mixture of deuterium and tritium (iso-
topes of hydrogen) reaches an extremely high temperature, so that
atomic nuclei collide with sufficient force to overcome their mutual
repulsion. At such temperatures all matter exists in the so-called
"plasma" state. Both magnetic confinement and inertial confinement
fusion reactor designs have a host of theoretical and engineering
problems that must be solved before fusion becomes a practical alter-
nate technology. The major problem in fusion reactors involves un-
derstanding and predicting plasma behavior. Other problems require
further knowledge of materials and involve the development of large
superconducting magnets, magnet shields, and system coolants. A
problem critical to laser (inertial confinement) fusion schemes is the
further development of lasers.

Although there are many problems to be solved before fusion
power returns more energy than it uses, forecasts hold some promise.
Experts predict that commercial fusion power could be available by
the year 2030. A basic science and technology policy issue is thus
clear-can the Nation maintain an effective national commitment to
f usion energy R&D over what may be a 50-year period?
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J. Space Colonization

Not all emerging technologies are responses to problems. An ex-
ample of a significant response to an opportunity is the case of space
colonization.

Dr. Gerard O'Neill of Princeton University has proposed building
a space colony, at one of five points in space at which the gravita-
tional forces of the Earth and the Moon balance, to accommodate as
many as 10,000 people as well as much of the industry which now
pollutes Earth. In addition to these possible advantages, O'Neill sug-
gests that the colony be used as a manufacturing site for satellite solar
power station (SSPS) arrays. The arrays could be built at the colony
and then transported to Earth orbit where they would collect energy
from the Sun, convert it to microwaves, and beam it to receiving
antennas on Earth.

The O'Neill scenario calls for constructing a core colony from
materials mined on Earth and transported into space by specially
designed launch vehicles. The remainder of the colony would be built
from minerals obtained from the Moon. Some proponents of the con-
cept assert that a small colony could be erected by 1995.

Another aspect of space colonization is sociological. If the social
aspect of space colonization is not studied prior to a commitment to
build space colonies, with due regard for the complex personal inter-
relationships which are bound to develop in a confined area in the
harsh environment of space, the technical portion of the program may
be in vain.

Perhaps the basic science and technology policy issue in regard to
space exploration reduces to determining the appropriate level of
support, given the Nation's limited funds and resources, for extra-
terrestrial human development in the face of the many unsolved prob-
lems in human development on Earth.

V. BASIC AsSsmPTIoNs: SCENAuos

Every analysis has a set of basic assumptions, either explicit or
implicit. Often the basic assumptions, even if implicit, are the most
important and determining factors in the analysis. In a comprehen-
sive Science and Technology Outlook, basic assumptions must them-
selves be examined and not taken as "givens."

One way to examine basic assumptions related to a Science and
Technology Outlook is to construct several scenarios which incorpo-
rate alternative sets of basic societal assumptions. For example, the
most obvious-although not necessarily the most probable-basic
societal assumption is that these principal parameters of the global
(or at least American) socio-politico-techno-economic system will re-
main fairly constant over the immediate and near-term future, the
next 30 or so years. Another way of saying this is that the future will
be mainly characterized by extrapolations of existing trends. For pur-
poses of discussion, this set of basic assumptions has been incorpo-
rated into a one-page narrative statement called the "Extrapolative
Scenario." It is set forth below with two alternative scenarios entitled
"Changing Values Scenario" and "Discontinuity Scenario."

The Changing Value Scenario incorporates another set of possible
basic assumptions-determined in this case by a shifting of social
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consciousness from social goals (like 200 years of the American work
ethic) to a significantly different value system-perhaps character-
ized by greater personal allegiance to individual self-fulfillment than
to existing recipients of allegiance, such as national political systems
and corporations.

A third possible scenario of society's basic structure is the "Dis-
continuity Scenario." This scenario encompasses major breaks with
the past, whether caused by cultural, natural, man-made, or accidental
factors. For example, a rapidly-developing world food-world popu-
lation imbalance, a world war, or even a major societal upheaval
would exemplify a major societal discontinuity. Such discontinuities
would upset the world system to the extent that today's basic societal
assumptions would no longer be true, or would be in danger of sig-
nificant and rapid change.

These three scenarios represent one attempt to suggest that basic
assumptions underlying a Science and Technology Outlook have to
be examined from time to time because they are subject to major
changes within the time frame of the Science and Technology Outlook
itself. Although the three suggested scenarios are reasonable alterna-
tives, they are not the only ones-or even the most likely ones-that
can be envisioned. While science and technology will in part determine
the texture of the future, in larger part they will operate in response
to the basic thrust of society in the years ahead. If science and tech-
nology policymakers can understand the broad outlines of the future,
they can most adequately develop and implement science and technol-
ogy policies that will reinforce beneficial trends and ameliorate detri-
mental trends.

The three scenarios are discussed below. These scenarios are not
predictions of what is likely to occur or what is desirable. Rather, they
represent three of many possible alternative "story lines" created for
illustrative and analytical purposes only.

A. Extrapolative Scenario

The United States was created and developed under conditions of
(1) abundant and cheap natural resources, (2) relatively cheap labor,
(3) the availability and transfer of industrial technology from Eu-
rope, (4) relatively small social and governmental overhead, and (5)
a democratic, private enterprise spirit.

Since the end of World War II, these conditions have changed and
will continue to change significantly: (1) Natural resources are in-
creasingly scarce and expensive, both domestically and internationally,
(2) U.S. labor is increasingly highly paid and internationally non-
competitive, (3) an aging U.S. industry (with some notable excep-
tions) seems to be increasingly unable to adopt, adapt, or innovate
profitable industrial technologies, (4) the Nation has become "bur-
dened" with an enormous social and governmental overhead which
includes government safety, environmental, and health regulations,
welfare, Social Security, the defense and Civil Service establish-
ments, and so on, (5) and a pervasive big government-big business-
big labor symbiosis seems to have stifled industrial techno-economic
competitiveness vis-a-vis European and Japanese industrial efforts.
Continuing large U.S. Government and trade deficits are evidence that
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these conditions exist and will continue in spite of an inflation-padded
trillion dollar national economy.

Of the factors discussed here, the application of science and tech-
nology, particularly Government-directed science and industrial
science and technology may have the potential for being amenable to
effective national management, and for creating the productivity re-
quired to offset the negative factors which appear to be considerably
less amenable to management.

Due to the lack of a creative, innovative atmosphere for U.S. R&D,
including the effective management of science and technology policy
at the Federal level, the Nation's aging techno-industrial base will
continue to lose the competitive race with the other industrialized and
competitive nations of the world. The direct consequence of this will
be that the United States will not be able to afford the standard of
living and necessary social and governmental services that its citizens
have come to expect and demand.

Fortunately, the Nation's techno-economic system will continue to
be strong and resilient enough to provide the essential base for neces-
sary social and political cohesion. A maturing populace and the con-
tinued "adequate" performance of existing systems will contribute
to an era of popular acceptance of the status quo, even though that
status quo may be only a modestly developing socio-economic system.

B. Changing Value8 Scenario

This era in U.S. and world history will be one in which a significant
change in human consciousness begins to change human values and
mores. The success of active citizens in changing the Nation's racial
policies, its foreign policies, and its views of the environment reflect
this new set of values and a new political awareness of how to achieve
them. While the crusades of the 1960's and 1970's will fade, new values
will continue to grow and without a focused "movement" redirect
the established order.

A related phenomenon to that of shifting values is the rapidity
of change, or "future shock." While the old values and mores will be
shifting, the world may be moving too fast for evaluation of those
changes or for formulating new values either analytically or experi-
mentally.

In this evolving change, a "self-reliance" ethic likely will replace
continued reliance on, and growth in, socio-economic and political sys-
tem complexity. The concept of quality of life will remain a subject
of ineffective public discussion but the dominance of growth will
slowly give way to emphasis on "enrichment" of life. The importance
of the family will return-redefined to include all close personal and
living arrangements.

The emphasis on enrichment will result in a paradigm shift in the
economy-reflected in new consumer spending patterns and resistance
to new and/or high technology products which challenge the self-
reliance ethic. Traditional small businesses and low-technology in-
dustries will flourish, while giant corporations will struggle to attract
and keep talented personnel at all levels.

These trends seem to indicate that a major concern of the Congress
in the future may be dealing with the interactions of changing tech-
nologies and social values. The Congress may be faced with a delicate
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choice between controlling technology to protect old-fashioned as well
as newly perceived social values, while managing technology respon-
sibly as a key part of the Nation's techno-economic machine.

C. Di8continuity Scena7io

The great economic growth of the post World War II era was
achieved by finessing many major problems. These problems were not
resolved and their costs were not included within the framework of the
socio-economic system-in a very real sense, problems were ignored
and deferred to the future. The squandering of resources-both natural
and human-helped to produce the great growth of the era, but as the
future becomes the present, the costs have to be paid. These costs and
the lead times required will become simply too great for available sys-
tems to cope with and manage.

While no single event or issue is likely to become the focal point of
concern, "the system" will slowly begin to fail through a series of
crises. The cumulative effects of continued industrialization will begin
to impact on, among other things, health-taxing health facilities and
public and private health programs. Also, the growing problems of
cost and availability of energy will lead first to a decline in the energy-
intensive industries, and eventually to other industries-growth will
become a rare event between long periods of negative and zero growth.

Globally, the population-food imbalance, environmental deteriora-
tion (including resource exhaustion), and the possibility of irrepar-
able nuclear world war will cause extreme stresses in the international
politico-socio-economic system.

As solutions to the systemic problems seem to be beyond the tradi-
tional thinking of leaders, radical ideas will appear and develop large
followings. This in turn will increase social and political tensions,
thwarting the necessary consensus for public decisions and aggravat-
ing the sense that things are out of control. In this atmosphere, ter-
rorist activities will continue to grow and the resulting responses will
produce a siege mentality. Hope for expansion and further develop-
ment will fade as the Nation struggles to keep existing systems
working.

The Congress and the executive branch will begin to take long-range
views to avert global catastrophe. A major priority of the Congress in
the immediate future will be the development of a permanent govern-
mental structure that will have the effectiveness and continuity to deal
with all aspects of foresight and policy management, particularly
science and technology policy management.

As mentioned above, the three scenarios set forth in this chapter are
not the only reasonable ones that could be written. The reader may wish
to write his own scenario of the likely future which could include ele-
ments of the three scenarios discussed here or be an entirely new one.
Such an exercise would (1) force the writer to create a logical narra-
tive framework incorporating the disparate forces which operate on,
and flow from, society as a whole and science and technology in par-
ticular and (2) prompt the writer to make explicit his basic assump-
tions about the long-range interrelations of science, technology, and
society.

The following chapter is an attempt to incorporate such a scenario
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with the other factors discussed in preceding chapters into a compre-
hensive Science and Technilogy Outlook.

VI. EXAMPLES OF OTHER RECENT SCIENCE AND TECHNOLOGY OUTLOOK
REPORTS

Several other science and technology outlook studies have been car-
ried out over the last several years. Four of these are discussed in this
chapter as being representative of different approaches to developing
a science and technology outlook. These four reports are:

The OSTP-NSF-NAS Science and Technology: A Five Year
Outlook 34 which takes a 8elective look at specific aspects of (1)
science and technology, like earthquakes and computer software
problems and techniques, (2) science in the United States, and (3)
the institutions of science and technology.

The Organization for Economic Cooperation and Development
(OECD) "Interfutures" project report Facing the Future 35

which looks at the outlook for science and technology from the
points of view of the physical limits to growth of the planet Earth
and the interrelationships between the advanced industrial coun-
tries (like the OECD countries 88) and the developing Third
World countries.

The Global 2000 Report to the President 37 by the Council on
Environmental Quality (CEQ) and the Department of State
which attempts to project worldwide conditions with respect to
natural resource availability, population, and environmental
quality using existing U.S. Government data bases and computer
models.

The Europe Plus Thirty Report 38 of the Commission of Euro-
pean Communities which looks at the future of science and tech-
nology, particularly from the perspective of western Europe, and
recommends the establishment of a permanent organization to
provide futures research services for the European Community.

A. Science and Technology: A Five-Year Outlook

Under P.L. 94-282, the National Science and Technology Policy,
Organization, and Priorities Act of 1976, the Office of Science and
Technology Policy (OSTP) in the Executive Office of the President
was mandated by Congress the task of preparing periodically a five-
year science and technology outlook. Under a reorganization of the
Executive Office of the President in 1977, this responsibility was trans-
ferred to the National Science Foundation (NSF) which subsequently
requested the assistance of the National Academy of Sciences (NAS)
in preparing the report. In addition to Science and Technology: A
Five-Year Outlook, it is anticipated that when NSF transmits the first
formal, biennial five-year science and technology outlook to the Con-

M National Academy of Sciences. Science and Technology: A Five-Year Outlook. Wash-
ington, National Academy of Sciences, 1979. 544 p.

as Organization for Economic Cooperation and Development. Facing the Future. Paris,
OECD, 1975. 425 p.

35The OECD countries are Australia, Austria, Belgium. Canada, Denmark. Finland,
France, the Federal Renublic of Germany, Greece. Iceland, Italy, Japan. Luxembourg, the
Netherlands. New zealand. Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the
United Kingdom. and the United States.

&7 Council on Environmenal Quality and the Department of State. The Global 2000
Report to the President. Washington, U.S. Government Printing Office, 1980. Three
volumes.

8 Commission of the European Communities. The Europe Plus Thirty Report. 1975.
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gress it also will include a set of papers prepared by selected Federal
agencies, papers commissioned by NSF on selected, policy-related
topics, and a summary and analysis. These latter documents are not
available at the time of this writing.

The National Academy of Sciences' science and technology outlook
is divided into four major sections having 11 chapters, as follows.
Each chapter includes an outlook section related to that chapter.

Science
Planet Earth
The Living State
The Structure of Matter

Technology
Computers and Communications
Energy
Materials

Science and the United States
Demography
Health of the American People
Toxic Substances in the Environment

Institutions
Academic Science and Graduate Education
Institutions for International Cooperation

Some highlights of the outlook sections of each of the 11 chapters are
provided in the following paragraphs to indicate the scope of the
topics selected for inclusion in the NAS science and technology
outlook.

1. PLANET EARTH

Most of the issues discussed in the outlook section center on the con-
tinuing need over the next five years for improved data collection on a
global scale for most aspects of earth sciences. This, of necessity, would
entail continuing international cooperation in data collection and the
increased use of advanced, particularly space-satellite, data gathering
technologies, like Landsat. The outlook section also discusses the U.S.
climate program and ocean management as being important aspects
of earth science activities over the next five years.

2. THE LIVING STATE

There has been a "remarkable burst of advances . . . propelling
biology into a new era" over the last ten years and there is "no reason
for this momentum to falter. . . . The potential contribution of re-
combinant DNA technology is hard to exaggerate." There is, however,
unlikely to be an adequate understanding of diseases of cellular mal-
functions, like cancer, for 10 to 20 more years. Major advances across
the wide range of neural and behavioral disorders also are unlikely to
be achieved over the next five years, but rapid growth in this area of
the life sciences, as well as in biological research in agriculture to
increase the world's food supply, will continue.

3. THE STRUCTURE OF MATTER

This outlook section discusses the likelihood for continued rapid
advances in astrophysics and cosmology, the materials sciences in-
volved in the study of condensed matter, and the study of the molecu-



504

lar, atomic, and nuclear structure of matter and particle physics.
The report, however, is concerned about the future quality of univer-
sity research personnel and facilities and the thrust of university scien-
tific research in light of inflation, the leveling off of funding, and the
decrease in academic jobs. An important trend in sciences noted in this
section of the NAS study is the increasing complexity of apparatus
and the extent of facilities required for certain research opportunities
to be fully exploited which, in turn, is leading to more team-as op-
posed to individual-research. This represents a major shift in scien-
tific research "style" that is occurring, or is about to occur, in some
areas of research on the structure of matter.

4. COMPUTERS AND COMMUNICATIONS

Computers are becoming widespread for scientific, business, recrea-
tional, and other purposes. The driving force behind this proliferation
of computers during the last decade has been the "amazing decline in
the cost of semiconductor chips." This trend is expected to continue
during the next five years and will contribute to improvements in
computers and their expansion into new application areas. Major areas
of computer science in the near-term future will include the develop-
ment of new, more powerful computer programming techniques.

5. ENERGY

"Over the next five years, the United States will confront basic
questions regarding its future energy pattern. (emphases added) ...
For the mid-term transition from oil and gas to other energy forms,
the United States has in reality very little maneuverability, in both
energy supply and use." What are required, according to the report,
are "new energy technologies and the political will to develop and use
them responsibly," both of which will be difficult to obtain. Overall, the
report holds that energy conservation deserves the highest priority over
the next several years. The second important issue to be settled within
the next five years is how to handle the transition from oil and gas to
other energy supplies. The development of alternative energy sources
in the next several years, particularly coal, will cause some significant
environmental and health problems; water availability to support
energy development is also a problem within this time frame. Eco-
nomically feasible controlled fusion and advanced solar energy power
systems are still a long way in the future: "If nuclear power is to have
a long-term future, it must be with breeder reactors.'

6. MATERIALS

"The health of materials processing and manufacturing technology
in the United States is arousing concern [especially] with respect to
foreign competition and trends toward moving basic materials opera-
tions overseas to take advantage of richer ores, cheaper energy and
labor, and less stringent environmental requirements." The report
states that for the United States the quantities of materials required
will increase only incrementally, and the kinds of materials required
will not change much over the next five to ten years. Because the
rapid evolution of new materials that began during World War II is
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still underway, however, the sources of materials and requirements for
them could change markedly after five to ten years. Just as the previous
section on energy emphasizes the importance of conservation, this sec-
tion emphasizes the importance, and likely increase, of conservation,
recycling, and substitution of materials, which also conserve energy
used in, and lessen pollution resulting from, materials manufacturing.
The report finds that crises are not imminent in materials supply.

7. DEMOGRAPHY

The two significant demographic changes affecting science and tech-
nology noted in this outlook section of the NAS report are (1) changes
in the age structure of the Nation-by 1984 there will be an "unprece-
dented number of young adults of working age [plus] a significantly
higher number of elderly people"-and (2) changes in patterns of net
internal migration from metropolitan to nonmetropolitan areas-"If
current trends continue, in 1984 central cities, especially in the north-
ern and north-central states, will have a disproportionately larger
number of the elderly and improverished." These demographic changes
portend changes throughout the socioeconomic structure of the Nation.
The impact of these demographic trends on the science and engineer-
ing establishment are discussed, in part, in the section on Academic
Science and Graduate Education, below.

8. HEALTH OF THE AMERICAN PEOPLE

One of the major trends mentioned in this section is that the U.S.
population 65 years old and over is increasing steadily. Consequently,
there is likely to be a corresponding increase in demand for health
sciences in the near-term future from this effect alone. The report
states that although major strides in basic health-related sciences can
be expected in the next five years, "Still, we know too little to be able
to relieve much of the burden of illness in the near future." Areas dis-
cussed in the outlook section which are likely to be subjects of in-
creased research over the next five years include cardiovascular dis-
ease; cancer, especially its environmental aspects; behavior and
disease, including the behavioral aspects of preventing smoking; smok-
ing and adolescence; research on animals; mental illness; aging due
to the rising population of elderly people in the United States; genes
and environment; health care delivery; and health-services research.

9. TOXIC SUBSTANCES IN THE ENVIRONMENT

Over the next 5 years, perhaps as many as 1,000 new chemicals will
be introduced each year. There are serious gaps in the knowledge of
the effects of such chemicals and of how to deal with existing toxic
chemical problems, such as chemical waste disposal sites and the ac-
cumulation of persistent chemicals, like PCB, in lakes and streams. The
anticipated increase in the use of coal for power generation, mentioned
above, likely will increase toxic substances in the environment in
spite of power plant pollution controls. Over the next five years con-
tinuing efforts will be required to neutralize such wastes. Because
no safe 'threshold level'has yet been reliably demonstrated for any
carcinogen," there is increasing interest in quantitative risk-benefit
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assessment to evaluate the risks and benefits of individual chemicals:
"Are they vitally significant (and worth a significant risk) or trivial
(and not worth even a minor risk) ?" There will be increased efforts
to evolve better risk-benefit assessment methods over the next 5 years.

10. ACADEMIC SCIENCE AND GRADUATE EDUCATION

The major universities of the United States are vital to the pro-
grams of U.S. science due to their role in educating young scientists
and engneers and in conducting more than half of the Nation's basic
scientific research.- The scientific momentum of the past will carry
these universities through the next five years, but more stringent fi-
nancial conditions, declining undergraduate enrollments, sharp re-
duction in the number of new faculty positions, and federally imposed
administrative requirements will make this period one of adjustment
for universities and academic science. Because of a decline of students
and the resulting relative over-supply of existing faculty, the number
of specialized research centers associated with universities may in-
crease. The years immediately ahead will be "a time of emphasis on
frugality within academic science." The balancing of the universi-
ties' administrative burden associated with obtaining Federal funds
and the Government's requirements for accountability likely will re-
ceive increased attention over the next five years, as will efforts toward
improving the relationship between industry and academic science.

I1. INSTITUTIONS FOR INTERNATIONAL COOPERATION

The significant differences, as well as interdependencies, that exist
between the nations of the East and West and those of the North
and South likely will increase efforts in international technology trans-
fer and collaborative research in the near-term future, mainly though
existing organizations. Two specific areas among many mentioned in
the science and technology outlook where "institutional inventiveness
can make a significant difference are the application of scienec and
technology to economic development and the technological aspects of
arms control."

In summary, Science and Technology: A Five Year Outlook pre-
sents a number of futures-oriented analyses of selected aspects of sci-
ence and technology. Other selected aspects of science and technology
will be included in future reports, anticipated to be on a biennial
basis.

B. Facing the Future

This report presents the major findings of the OECD Interfutures
Project which was undertaken in 1975 to study "the future develop-
ment of advanced industrial societies in harmony with that of develop-
ing countries." The objectives of the project are to conduct future-
oriented analyses of:

An assessment of longer-term economic developments and rela-
tionships among advanced industrial societies;

An assessment of longer-term developments in the relationship
between the advanced industrial societies and the developing
countries;
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An assessment of potential physical constraints and opportuni-
ties related to energy, raw materials, or the environment on future
development; and

As assessment of the future evolution of international economic
structures and systems in response to growing interdependence.

Although the study includes analyses to evaluate the likelihood of tech-
nological breakthroughs, the approach is primarily economic in nature.
It does attempt, however, "not to neglect the potential struggles, social
conflicts, value changes and institutional developments which are in-
separable from them."

A major approach of the study is to develop "global or partial"
scenarios to, among other things, throw light on the possible policies of
certain actors, particularly governments. The report develop six sce-
narios based upon a number of basic assumptions. The report's several-
page discussion of assumptions is not summarized here due to its com-
plexity; rather, the report's schematic representation of assumptions
and scenarios is shown below. The basic assumptions are presented in
the left-hand column, the other columns are variants, if any, of the
basic assumptions:

Definition of the scenarios (1) (2)

PartialRelations between abandonmentdeveloped countries Collegial management of free
trade between

the poles
Internal dynamics of the Consensus in Rapid value Conflicts between socialeveloped societies favour of changes and groups and moderate growth

high growth moderate
growth

Trend in relative
productivities

orth- South Convergence Dvergence
relations and
relations between LOCs

arge growth of North-South
conomic exchanges A Bi 82 B3

ccentuation of divisions
etween North and South C

artial fragmentation of the
outh following regional
lignments with the developed D
ountry poles

(1) The fourth dimension concerning the internal dynamics of the various groups ofdeveloping societies has mainly been taken into account at the level of the regionalanalyses incorporated in the scenarios.

(2) To avoid having to repeat the letters, these scenarios are sometimes referred to inthe text by the following code names
A . high-growth scenario; 81 new-,growth scenario; B2 . convergent-moderate-growth
scenario; 83 . divergent-moderate-growth scenario; C . North-South rift scenario; andD * protectionist scenario.

Useful though they may be, these code names do not satisfactorily sun up the assumptionsunderlying the scenarios.

Source: Organization for Economic Cooperation and Development. Facing the Future.Paris, OECD, 1979. p. 86.

56-367 0 - 81 - 33
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The six scenarios are summarized in the report as follows:
Scenario A.-Collegial management and conflicts in the developed countries;

increased free trade; increasing Third Worid participation in world economic
exchanges, but varying as between developing countries; sustained economic
growth in the developed-countries, but no rapid change in values. Relative pro-
ductivities in OECD countries are assumed to converge.

Scenarios Bi, B2, BS.-Identical assumptions as to the nature of relations be-
tween developed countries, between developing countries and between the two
groups. On the other hand, the developed economies will experience oniy moderate
growth with differences according to the three alternative scenarios. In Bi, value
changes are rapid and there will be a consensus on the slowdown in growth, since
it will be accomplished by a change in the content of social output" (in the
broadest sense of the term). In the other two alternatives, however, there is no
significant, unanimously accepted change in values and the slowdown in growth is
due to more structural adjustment difficulties at national and international levels
than to conscious resolve as In B1. Whereas the B2 alternative supposes conver-
gence of relative productivities, B3 assumes divergence linked to social and insti-
tutional disparities between the various developed countries.

Scenario C.-This was introduced in order to anaiyse the implications of a
North-South confrontation. It supposes the implementation of "delinking" strate-
gies by a majority of developing countries, collegial management by the countries
of the North with increased liberalisation of their trade, slower growth without
any change in values in those countries, and no convergence of productivities be-
cause the main OECD zones would be variously affected by the North-South
break.

Scenario D.-Break-up of the developed-country group and mounting protection-
ism with the emergence of zones of influence centered around three poles, the
United States, the European Economic Community and Japan. These zones will
include regional groups (on a continental scale) of developing countries; trade
and capital flows will develop preferentially within those zones. These assump-
tions are coupled with that of slower growth due in part to the destabilisation
of trade flows. Non-convergence of productivities is due here to the differing im-
pact of the break-up process on the main OECD zones.

The report's "prospective analysis" of the four major study areas
identified above, based upon the framework of the alternative sce-
narios, produced a number of conclusions and recommendations which
are discussed in the following paragraphs.

The study identifies four critical issue areas that warrant the atten-
tion of governments. These are:

The energy transition from petroleum to nuclear power and
coal plus the need for energy conservation;

The search bv developed countries for national policies adapted
to evolving values and social demands, the objectives of sustained,
noninflationary growth with full employment, and structural
change;

Efforts among the developed nations to assist in the development
of the Third World; and

New forms of international cooperation.
While not attempting to be exhaustive, the report suggests a few of

the possible policy approaches for illustrative purposes only. The rec-
ommendations may be summarized as follows:

1. Avoiding or overcoming transition problems involving nat-
ural resources and the environment. "Nothing is more important
than forceful energy policies," but strategies also are necessary in
other fields like fundamental research in climate, non-energy
mineral resources, and soil conservation policies.

0Organization for Economic Cooperation and Development. Facing the kFuture. Paris.
OECD, 1979. p. 85, 87.
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2. Conducting the change in the industrial societies. Possible
approaches include better coordination of counter-cyclical eco-
nomic policies among the major OECD countries, disassociating
income policies from the functioning of the labor market, obtain-
ing more information about factors underlying structural changes,
reconsidering the efficiency of the welfare state, giving enterprises
the means to change to new activities, and redistributing respon-
sibilities between central, regional, and local levels.

3. Facilitating the development of the Third World. including
improved access to medium- and long-term loans for Third World
countries; adoption of measures to improve the effectiveness of
aid; a policy for industrial development and technology; and ac-
tions concerning commodities, especially raw materials.

4. Managing global interdependence. This would involve re-
shaping the administrative organization of each developed nation
to take account of increasing interdependence, generally reviewing
the present workings of intergovernmental organizations, improv-
ing the organizational framework for international trade, and
establishment by petroleum-producing and petroleum-consuming
countries of a framework for ensuring a smooth transition to the
post-petroleum era for both producer and consumer nations.

In summary, Facing the Future presents a number of coordinated,
mainly economic, policy options for governments. These options are
based upon several scenarios of possible alternative futures having
specific reference to the problems and interdependencies of the indus-
trialized (mainly OECD) nations and the developing countries of the
world.

C. Global 2000 Study

The Global 2000 Report to the President was undertaken by the
Council on Environmental Quality in the Executive Office of the
President and the Department of State in cooperation with other U.S.
Government agencies,40 at President Carter's direction to:

... make a one-year study of the probable changes in the world's population,
natural resources, and environment through the end of the century [to] serve as
the foundation of our longer-term planning....

The basic plan for the study was to identify, with guidance from the
cooperating Federal agencies, the long-term global models and tools
currently used by these agencies and, with the aid of unifying assump-
tions, to use these models and tools together as a single, internally con-
sistent system. Each of the participating agencies was asked to develop
certain projected trends in their mission areas. The choice of the
models and tools to be used was left primarily to the agencies, but with
the understanding that the results were to be (1) global, (2) long-
term, and (3) based on models and tools normally used by the agencies
for similar work.

The study built upon the work of a number of important previous

'0 Including the Environmental Protection Agency, National Science Foundation, Na-tional Oceanic and Atmospheric Administration, Agency for International Development,Bureau of the Census, 'Central Intelligence Agency, Defense Civil Preparedness Agency,Department of Agriculture, Department of Energy, Department of the Interior, NationalAeronautics and Space Administration, and Office of Science and Technology Policy.
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U.S. Government-sponsored efforts. The work of the following orga-
nizations and commissions were found to be particularly important:

National Commission on Supplies and Shortages (1975)
Advisory Committee on National Growth Policy Processes

(1975)
National Growth Reports Staff (1972)
National Commission on Materials Policy (1970)
Commission on Population Growth and the American Future

(1970)
National Goals Research Staff (1970)
Public Land Law Review Commission (1965)
President's Commission on National Goals (1960)
Outdoor Recreation Resources Review Commission (1958)
President's Materials Policy ("Paley") Commission (1951)
National Resources Planning Board (1939)

It was found that the earlier of these studies viewed population, re-
sources, and environment primarily as unrelated short-term, national
(or even regional or local) topics. Only in the most recent studies were
the interrelated, global, and long-term aspects of these issues brought
increasingly into focus. The report, however, states that it is the first
U.S. Government study to address all three topics from a relatively
long-term, global perspective. The study also attempts to emphasize
"interconnections and feedback" among the various analytical factors,
but in this regard, as stated in the report, it was only partially success-
ful.

The study plan also called for a comparison of the results of the
Government's projections with the results of other recent global
studies. Since the early 1970's, when the Cluh of Rome sponsored the
first global model to examine longer-term trends involving population,
resources, and the environment (the "limits to growth model"), there
have been several additional efforts to develop internally consistent
global models from a variety of different perspectives. A number of
global models now exist, and more are under development. The report
examines five such models and compares their results and structures
with the Government's global model developed as part of this project.

Volume 1 of the report sets forth its principal findings, which are
summarized in the following paragraphs.

The picture of the world in the year 2000 that emerges from the
projections looks, on the surface, much like the world of today: no
major disasters are expected to alter the appearance of the world sig-
nificantly over the next two decades. But below the surface there are
many important changes. A few of the highlights are as follows: 41

Rapid growth in world population will hardly have altered by
2000. The world's population will grow from 4 billion in 1975 to
6.35 billion in 2000, an increase of more than 50 percent.... In
terms of sheer numbers, population will be growing faster in
2000 than it is today, with 100 million people added each year
compared with 75 million in 1975. Ninety percent of this growth
will occur in the poorest countries.

... the gross national product per capita in most LDCs remains
low.... The large existing gap between the rich and poor nations
widens.

a The Global 2000 Report to the President, vol. 1, pp. 1i-.



511

World food production is projected to increase 90 percent over
the 30 years from 1970 to 2000.... The bulk of that increase goes
to countries that already have relatively high per capita food con-
sumption....

Arable land will increase only 4 percent by 2000, so that most of
the increased output of food will have come from higher yields.
Most of the elements that now contribute to higher yields . . .
depend heavily on oil and gas.

During the 1990s world oil production will approach geological
estimates of maximum production capacity, even with rapidly in-
creasing petroleum prices.... With the expected price increases,
many less developed countries will have increasing difficulties
meeting energy needs.... Needs for fuelwood will exceed avail-
able supplies by about 25 percent before the turn of the century.

While the world's finite fuel resources ... are theoretically suffi-
cient for centuries, they are not evenly distributed; they pose
difficult economic and environmental problems; and they vary
greatly in their amenability to exploitation and use.

Nonfuel mineral resources generally appear sufficient to meet
projected demands through 2000....

Regional water shortages will become more severe. In the 1970-
2000 period population growth alone will cause requirements for
water to double in nearly half the world....

Significant losses of world forests will continue over the next
20 years as demand for forest products and fuelwood increases....

Serious deterioration of agricultural soils will occur world-
wide . . . and the spread of desert-like conditions is likely to
accelerate.

Atmospheric concentrations of carbon dioxide and ozone-
depleting chemicals are expected to increase at rates that could
alter the world's climate and upper atmospheres sirnificantly by
2050. Acid rain from increased combustion of fossil fuels (espe-
cially coal) threatens damage to lakes, soils, and crops. Radio-
active and other hazardous materials present health and safety
problems in increasing numbers of countries.

Extinctions of plant and animal species will increase dra-
matically . . . especially in tropical forests.

The future depicted by the U.S. Government projections,
briefly outlined above, may actually understate the impending
problems....

The conclusions of the Global 2000 Study revolve around "the prob-
lems of preserving the carrying capacity of the earth and sustaining
the possibility of a decent life for the human beings that inhabit it..."
These problems are characterized as being "enormous and close upon
US." 42 The study also concludes, among other things, that the "needed
changes go far beyond the capability and responsibility of this or
any other single nation. An era of unprecedented cooperation and
commitment is essential." 43

2Ibid., p. 3.
' Ibid., p. 4.
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In summary, the Global 2000 Study is a comprehensive analysis by
the U.S. Government of factors involved in global population, natural
resources, and environmental trends through the year 2000. The study
makes use of a number of existing governmental studies and models.
It has taken a first step toward increased linkages and improved con-
sistency within the Government's present "global model" which con-
sists of the many different tools and models currently in use by U.S.
departments and agencies. The report itself is a first step toward a
basis for longer term and more comprehensive governmental planning
in these areas.

D. The Europe Plu8 Thirty Report

This study was undertaken by the Commission of European Com-
munities, an organization amalgamated in 1967 from the individual
Commissions, or operating bodies, of the European Economic Com-
munity, the European Coal and Steel Community, and Euratom. The
report's central purpose is to "help the power centres of the European
Communities to make wise decisions in a largely but now wholly
uncontrollable world" by establishing a permanent organization of
about 75 professionals, to be called "Europe Plus Thirty," to "foresee
crises, to forecast about the underlying causes of inflation, and gen-
erally to reduce the uncertainty of the future."

The report deals with four major areas:
Existing capacity and processes within the European Commu-

nity to do futures research;
The "fields of forecasting" required by the European Com-

munity;
The potential role of technology assessment in serving the Euro-

pean Community; and
The outlines of the proposed organization, "Europe Plus

Thirty."
Each of these major points of the report are discussed in the following
paragraphs.

1. CAPACrrY AND PROCESS

The report recommends that the proposed Europe Plus Thirty orga-
nization do, or integrate, all forecasting studies done by the Com-
mission's subunits which have time horizons beyond 4 years. The
report was unable to make any generalization about the existing fore-
castinng capacity and pattern in the European Communities at the
time of the study, but concluded that the Community "does indeed
stand in need of a long-term forecasting capacity..."

The report discusses 26 specific types of forecasting techniques or
methods in common use today and concludes that "some of these are
held to be useful, some virtually useless, some interesting but dan-
gerous, and many in between." The report points up the importance
of an effective linkage between the forecasters and the policy- or
decisionmakers using the forecasts:

The most fruitful use of forecasting requires a continuous dialogue between
the forecasters and their clients. Without direct access for the forecaster to the
decisionmaker himself, the whole operation is bound to be accident-prone.
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2. FIELDS OF FORECASTING

The following 16 fields were determined to be important areas of
analysis for inclusion m the integrated futures research system en-
visioned as Europe Plus Thirty:

Climate
Population
Agriculture, Fisheries, and Forestry
Health
Social Structures and Values
Education
Science and Technology
Industry
Energy
Material Resources
Environment
Transport
Communications
Economy and Finance
Defense and Disarmament
Politics and Institutions

3. TECHNOLOGY ASSESSMENT

The report suggests that a technology assessment capability be incor-
porated into the overall forecasting and futures research capabilities
of the proposed Europe Plus Thirty system in order that the system
be fully able to evaluate in advance the potential, unintended and
indirect, social, economic, environmental, and other effects of tech-
nologies, as well as their primary and intended effects.

4. EUROPE PLUS THIRTY

The Europe Plus Thirty Report concludes with ta recommendation
that an organization to be called Europe Plus Thirty be created to
carry out, on a permanent basis, the futures research and forecasting
and technology assessment tasks that the report holds as being required
by the European Community. The report suggests an organization of
preferably about 75 professionals composed of specialists in the several
fields mentioned above plus some "generalists." This recommendation
reflects the view that the European Community can be most effectively
provided with futures-oriented information and services by a perma-
nent and adequately staffed and funded organization having effective
linkages with European Community decisionmakers.

In summary, the JZurope Plus Thirty Report is a proposal for the
creation of an effective and permanent futures research and forecasting
and technology assessment organization to serve the policymakers and
institutions of the European Community. That organization would
conduct integrated futures-oriented analyses and assessments across
many fields, provide reports on specific topics, and interact effectively
with European policymakers.
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E. Other Recent Science and Technology Outlook Reports

Several other recent science and technology outlook reports or
futures-oriented reports having a science and technology outlook com-
ponent (in addition to the four discussed above in some detail) have
recently been published, both in the United States and abroad. With-
out attempting to be comprehensive, but rather to indicate the "flavor"
of these recent efforts, the following brief listing is provided:

Kahn, Herman. World Economic Development: 1979 and Beyond.
Boulder, Colorado, Westview Press, 1979. 519 p.

Edison Electric Institute. Economic Growth in the Future: The
Growth Debate in National and Global Perspective. New York,
McGraw-Hill Book Company, 1976. 423 p.

Committee on Scientific and Technological Policy. Science and
Technology in the New Socio-Economic Context. Paris, Organi-
zation for Economic Cooperation and Development, 1979.

Study Group on Structural Adjustment: Report. Canberra, Com-
monwealth of Australia, 1979.

Netherlands Scientific Council for Government Policy. The Next
Twenty-five Years. The Hague, 1978. 197 p.

Royal Swedish Academy of Engineering Sciences. Technical
Capability and Industrial Competence-A Comparative Study
of Sweden's Future Competitiveness. Sweden, 1979.

Cabinet Office. Advisory Council for Applied Research and De-
velopment. Industrial Innovation. United Kingdom, 1978.

Wilson Committee. The Financing of Small Firms. (Interim Re-
port) United Kingdom, 1979.

General Scheme of the Research and Technology Policy for Small
and Medium-Sized Firms. Federal Republic of Germany.

VII. ANALYSIS AND OUITLOOK

This study is an attempt to set forth a preliminary structure for a
comprehensive Science and Technology Outlook, particularly as sci-
ence and technology relate to economic change. The approach is five-
fold. It is to:

1. Examine the systemic factors involved in the Nation's scien-
tific-techno-economic-socio-political system. Twenty-two factors
were discussed in Chapter II, from science and technology educa-
tion to societal factors impacting on science and technology.

2. Investigate the total "environment" in which the national
science and technology system onerates. Th'.; e-wiionmnent is
the world. Fourteen major problem areas were identified in Chap-
ter III, from the world food-population balance to science and
technology itself as a major area of problems and opportunities.

3. Identify some emerging technological developments which
seem likely to be particularly important in the near-term future.
Ten emerging technological developments were identified in Chap-
ter IV as being appropriate for in-depth technological forecasts
and impact assessments. Many additional emerging technological
developments could be identified.

4. Review basic assumptions, an often neglected task in policy
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analvsis. Three alternative scenarios, each incorporating dif-
ferent sets of basic assumptions, were discussed in the form of nar-
rative statements in Chapter V.

5. Analyze the above preliminary findings and suggest policy
alternatives.

It seems that a comprehensive Science and Technology Outlook
should deal with at least the above five major analytical areas. The fol-
lowing pages of this chapter present an attempt to analyze the prelim-
inary findings of this study and set forth same possible policy alterna-
tives suggested by the analysis. A comprehensive and thorough Science
and Technologv Ontlook along the lines suggested above could be an
important tool for future Government policy formulation.

A. Andys'i and Outlook

1. THE SCIENTIFIC-TECHNO-ECONOMIC-SOCIO-POLMCAL SYSTEM

The "system" has many emerging problem areas of likely concern to
the Congress. Briefly these (discussed above in Chapter II) include:

Maintaining the vitality of science and technology education
and continuing to support (particularly university) basic re-
search;

Determining the proper balance, and maintaining that balance
through the Federal R&D budget process, between Federal R&D
support of defense, energy, space, and health programs and
other civilian R&D programs;

Determining the proper role of the Nation's Federal and indus-
trial laboratories, particularly in regard to technological innova-
tion;

Dealing with the apparent shift from long-range, fundamental
industrial R&D and innovation to short-range, low-risk, "defen-
sivp." incremental industrial R&D and innovation;

Dealing with increasing international techno-economic compet-
itiveness (particularly with Japan and Western Europe) in high-
technology trade;

Evaluating whether there is a need to redefine the Nation's goals
to include an exnlieit [oal of techno-economic security;

Responding positively and in a timely manner to apnPrentlv
increasing pressures for public participation in science and tech-
nology poliev-making activities; and

Simultaneously responding effectively to literally scores or
even hundreds of other major emerging science and technology
issues similar to those discussed in Chapter II.

All of the above emerging problems in the science and technology
system suggest that perhaps the major science and technology prob-
lem area in the future may be whether or not to further develop the
Federal science and technology policy and management structure in
the executive branch as discussed above in Section E of Chapter II.
That might involve the establishment of a new and permanent science
and technology coordination and management organization of per-
haps several hundred persons. with some kind of crosscutting authority
to require science and technology related actions throughout the oper-
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ating levels of the Federal departments and agencies. Without some
type of overall presidential-level science and technology policy man-
agement capability, the other science and technology system problems
discussed above may not be dealt with comprehensively, continuously,
and in a coordinated fashion in the years ahead. As discussed in the
preceding chapter, the Europe Plu8 Thirty Report proposes a similar
permanent organization for the Commission of European Communi-
ties.

2. MAJOR WORLD PROBLEM AREAS

The study identified the following 14 major world problem areas
(that is, the world "environment") to which the national science and
technology system will be called upon to respond frequently in the
years ahead. These areas are:

World population growth and aging populations
Ford: agricultural production and distribution
Foreign affairs and military security
Techno-economic security and viability
Energy
Environment
Non-energy resources and materials
Political and societal tensions and breakdowns
Health and biosciences
Human settlements
Transportation and telecommunications
Education
Governance
Science and technology imperatives and projects

The National Academy of Sciences' report, Science and Technology:
A Five-Year Outlook, addressed a similar list of selective science and
technology subjects in some depth.

It is beyond the scope of this analysis to suggest which of these
potential problem areas will in fact become the critical areas in public
policy in the years ahead-although the world population-food bal-
ance problem and the impending permanent decrease in the natural
supply of the world's petroleum, for example, would certainly rank
high as potential crises. What does appear to be certain is that, with-
out increased analytical capabilities in foresight, the Nation is likely
to stumble from one crisis situation to another and react to emerging
problems only on a shortsighted and incremental basis. The institu-
tionalization of foresight information collection and analysis seems to
be developing reasonably well today. The next step would appear to
be to develop adequate linkages between these foresight capabilities
and the congressional and executive branch policy and decisionmakers
who will have to cope with these emerging problems by formulating
timely policy solutions.

Unless policy foresight and linkage capabilities are developed and
institutionalized fairly rapidly, some of the potential world problems
identified in this analysis will occur without adequate warnings to,
or at least without belief in those warnings bv. decisionmakers, and
the political responses to these problems probably will be inadequate.

The Congress has begun to formally incorporate foresight functions
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into its operations. For example, under the House of Representatives'
Committee Reform Amendments of 1974: 42

Each standing committee (other than the Committee on Appropriations and
the Committee on the Budget) shall . .. on a continuing basis undertake future
research and forecasting on matters within the jurisdiction of that committee ...

In the future, particularly if the executive branch enhances its sci-
ence and technology policy management and policy foresight capabili-
ties along the lines of the OSTP-NSF-NAS Five-Year Outlook and
the CEQ Global 2000 Study, Congress may need to increase its own
science and technology policy development, coordination, and fore-
sight capabilities to include: (1) Increased coordination among the
science and technology committees in each house and between the two
houses and (2) improved interactions between these science and tech-
nology committees and other committees who jurisdictions impact on,
or are impacted on by, science and technology.41

3. EMERGING TECHNOLOGICAL DEVELOPMENTS

Scientific, technological, and techno-economic developments have
an imperative or dynamic of their own, as well as being responsive to
societal needs. Some emerging technological developments were iden-
tified in Chapter IV. These and many other technological develop-
ments probably should be tracked on a continuing basis in order to
(1) provide information to develop technology forecasts of these tech-
nologies and to assess their likely societal impacts and (2) promote
those that appear to be beneficial-and ameliorate the impacts of those
that appear to be detrimental.

Probably the most effective political response to dealing with the
potential problems and opportunities associated with emerging tech-
nological developments would be to institutionalize at the national
level a policy foresight capability with linkages to policymakers, as
addressed immediately above in the discussion of major world prob-
lem area. A comprehensive policy foresight capability probably
would include a technology forecasting activity to prepare forecasts
of emerging technologies like those discussed in Chapter IV.

4. BASIC ASSUMPTIONS

Basic assumptions about the Nation's future should be challenged
from time to time. It is possible that within 30 years major changes
will have rapidly occurred in either (1) the basic values of many
Americans and other world citizens, thereby causing significant so-
cietal changes that will impact on science and technology, or in (2)
some major physical, economic, political, or other subsystem of the
world system to such an extent that a major discontinuity will occur.
Only if it is assumed that basic societal parameters will change slowly

e2H. Res. 988. adopted by the House on Oct. 8, 1974.
"For discussions of congressional foresight activities, see, Renfro, William. Foresight:Congress Lcoks to the Future. CRS Issue Brief 77007; Renfro, William. Forecasting andFutures Researchl in Congress: Background and Prospects. CR9 Report 77-169 SP. Wash-ingtnn. Library of Congress. Aug. 24, 1977. 55 p.: Renfro, William, Cvnthla Huston. andKeith Bea. Foresight In the 95th Congress-First Session. CRS Report 78-18 SP. Washing-ton, Librarv of Congress, Jan. 19. 1978. 24 p, and Little, Dennis L. Implementing theHouse Foresight Provision. Sept. 18, 1979. 26 p.
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or not at all can alternative scenarios, like those developed in Chapter
V, be ignored. As discussed above, the OECD report, Facing the
Future, incorporated basic assumptions relevant to the future of the
industrialized and developing nations into its six scenarios of alter-
native futures.

The outlook for science and technology hinges in significant part
on major societal trends. Examples of trends are presented in the
three scenarios discussed above and in the discussions of societal and
environmental factors in Chapter II. It is unclear now which trends
will predominate in the future, but science and technology policy-
makers must continue to be aware of the possibility of significant
societal changes occurring in the years ahead.

B. Outlook and Option.

Taking basic assumptions first-the extrapolative scenario now seems
to be the most likely and most preferable of the three presented in this
analysis, although it includes significant existing and emerging prob-
lems. Hence, national science and technology policy alternatives are
likely to be developed around this basic scenario or a similar one,
either implicitly or explicitly.

One paragraph of the extrapolative scenario is reproduced here
because it bears significantly on the Science and Technology Outlook:

Of the factors discussed here, only the application of science and technology,
particularly Government directed science and industrial science and technology,
will have both the potential for being amenable to effective national management
and creating the productivity required to offset the negative factors which
appear to be considerably less amenable to management.

If this paragraph catches the likely significance of science and tech-
nology in the future, the national science and technology system prob-
ably should be maintained and improved by addressing major sys-
temic problem areas like those listed above in Section A.1 of this chap-
ter, and discussed at length in Chapter II.

Assuming the general validity of the extrapolative scenario, the
national science and technology system may be called upon to contri-
bute, in a global context, to the solution of most of the major world
problem areas discussed in Chapter III above, and listed in Section
A.2 of this chapter. In the activistic, dynamic society envisioned in
the extrapolative scenario, none of these 14 major world problem
areas is likely to be ignored and the following ones are likely to be
particularly emphasized:

World population growth and aging populations
Food: Agricultural production and distribution
Foreign affairs and military security
Techno-economic security and viability
Energy
Health and biosciences

Likewise, under an extrapolative scenario, all of the representative
emerging technological developments discussed in chapter IV, and
many more, are -likely to receive increasing attention and program-
matic support from both industry and Government. These are, for
ease of reference:

Birth control
Food: Aquaculture
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Health: Combating future cancers
Biosciences and bioethics: DNA
Microelectronics: Computers and telecommunications
Transportation: Short-hop STOL airlines
Technology-abetted political participatory systems
Energy: Oil shale
Energy: Fusion
Space colonization

Finally, under an extrapolative scenario, two organizational policy
alternatives are likely to receive increasing attention at the Federal
policymaking level, These are:

Further development of the Federal science and technology
policy and management structure; and

Further development, and perhaps institutionalization, of the
Nation's analytical foresight capabilities and of effective linkages
between those capabilities and science and technology policy-
makers.

By way of contrast, should a changing values scenario more ac-
curately represent the likely future than an extrapolative scenario, the
Science and Technology Outlook would be different from that de-
scribed in the above paragraphs. For example, of the several major
systemic problem areas listed above in Section A.1 of this chapter,
the following probably would not receive priority attention from
science and technology policymnakers:

Dealing with the apparent shift from long-range, fundamental
industrial R&D and innovation to short-range, low-risk, "de-
fensive," incremental industrial R&D and innovation;

Dealing with increasing international techno-economic com-
petitiveness (particularly with Japan and western European)
in high-technology trade; and

Evaluating whether there is a need to redefine the Nation's
goals to include an explicit goal of techno-economic security.

On the other hand, another factor might receive greater emphasis than
under the extrapolative scenario:

Responding positively and in a timely manner to apparently
increasing pressures for public participation in science and tech-
nology policymaking activities.

If a changing values scenario were more likely than an extrapolative
scenario, the national science and technology system probably would
be called upon to respond to major world problem areas in a different
way than under an extrapolative scenario. For example, of the 14
major world problem areas listed above in section A.2 of this chapter,
the following likely would be emphasized:

World population growth and aging populations 44a

Food: agricultural production and distribution 44a

Environment
Political and societal tensions and breakdowns
Health and biosciences 44a

Human settlements
Education

"I Also likely to be emphasized under an extrapolative scenario as discussed above.
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Finally, under a changing values scenario, some of the representa-
tive emerging techmological developments discussed in Chapter IV,
and above as likely to be supported under an extrapolative scenario,
might not be well supported, like the following:

Biosciences and bioethics: DNA
Microelectronics: Computers and telecommunications
Energy: Oil shale
Energy: Fusion
Space colonization

A recent paper 4b suggests that some major changes in societal
values-changes which are particularly likely to affect society's future
relationship to science and technology-are already occurring. For
example:

For three hundred years science and technology-the systematic organization
of knowledge and the knowledgeable organization of systems-have been driving
society. But in the 1970's, the worm has turned: society is starting to take
charge of science and technology.

The implications of this trend-for the meeting of human needs, for the
security of peoples, for the very nature of "growth" and "development," for
scientific discovery and technological innovation themselves, and above all
for social and political management-are enormous. Non-scientists and non-
engineers will have to learn enough about science and technology to substitute
a social wisdom for a guidance system based on the "inner logic" of science and
technology themselves.

If such major societal value changes are occurring, the many systemic
and other factors related to science and technology are likely to be
affected in ways significantly different than would be the case under
the extrapolative scenario, perhaps in ways such as suggested above.

Related to both the extrapolative scenario and the changing values
scenario are the findings of a recent study of future national and in-
ternational problem areas. 45 This study explores possible changes in
the existing science and technology paradigm is itself. Such changes
would be manifested in the very way science and technology, and sci-
ence and technology policymaking, are carried out. One set of emerging
changes in the existing science and technology paradigm can be repre-
sented by the following two columns in which currently dominant
science and the technology characteristics, like those in the left-hand
column, are beginning to be complemented or balanced by emerging
characteristics like those shown in the right-hand colunin.47

fib Cleveland, Harlan. The Worm Has Turned: Reflections on the Human Assessment ofTechnology. An Address at the Invitation of The Office of Technology Assessment. Wash-
ntSRI International. Assessment of Future National and International Problem Areas.

Volume 1. [Prepared for the National Science Foundation.] Washington, U.S. GovernmentPrinting Office, 1977. 112 p.
" A paradigm is "A set of relationships like a model, but more abstract and less quanti-tatively defined than a model. Thomas Kuhn defines paradigms as 'universally recognized

scientific achievements that for a time provide model problems and solutions to a com-
munity of practitioners.' Ayres defines it as a structured set of axioms, assumptions,
concepts, hypotheses, models, and theories, e.g., Newtonian physics or Marxist economics.
From Kuhn, Thomas S. The Structure of Scientific Revolutions. Chicago, The University
of Chicago Press, 1962: x; and Ayres, Robert U. Technological Forecasting and Long-Range Planning. New York, MrcGraw-Hill Book Company, 1969: xiii. In U.S. Congress.
H~ouse. Committee on Science and Technology. Subcommittee on Science, Research, and
Technology. Science Policy: A Working Glossary [fourth Editlon-1978]. Committee
Print, 95th Congress, 2d session. Washington, U.S. Government Printing Office, 1978: 50.a~ SRI International, op. cit., p. 68.
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Reductionist eacplanations (e.g., physi-
ological processes in terms of ele-
mental physical and chemical inter-
actions).

Objective engrossment (i.e., science
built on data from the physical senses
and their technological extensions,
e.g., microscope, spectrograph).

Prediction and control emphasis,
knowledge valued for its technology-
creating potential; implies a mani-
pulative and exploitative ethic.

Deterministic models (both causal and
stochastic models).

Value-inattentive (e.g., physics, astron-
omy, biochemistry).

Efficient technology.
Basic and applied science, the former

serving the latter, and the latter lead
ing to development of control
oriented technology.

Holistic explanations (e.g., physiologi-
cal process in terms of their function
in the life pattern of the whole
organism).

Subjective exploration (impelled by a
basic assumption that there are
common inner perceptions about
which men can agree, as well as com-
monly experienced sensory data).

Emphasis on guiding human and social
development; knowledge valued for
the insight it gives into man's pur-
poses and potentialities.

Teleological models (e.g., goal-impelled
systems).

Value-focused (e.g., the health sci-
ences, political economics clinical
psychology (Lowe, 1965).

"Appropriate" technology.
Policy science, directed to understand-

ing and monitoring the course of
critical human relations-ecological,
political, and social as well as eco-
nomic-with a view to guiding policy
(Kuhn, 1970).

If the science and technology paradigm shift, noted in the above
report, were to continue unabated in the near-term future, a scenario
based upon the paradigm shift would become appropriate for the
consideration of science and technology policymakers.

A discontinuity scenario, probably the least likely and most un-
desirable of the three scenarios discussed in this analysis, would affect
the several factors involved in a Science and Technology Outlook to a
significantly greater extent than would be the case under either of the
other two scenarios. The effects of a discontinuity scenario on the Sci-
ence and Technology Outlook will not be discussed here except to note
that, to the extent that foresight and linkage capabilities are perfected
and instituted in the legislative and executive branches and also per-
haps in the private sector, the disruptive effects of a major world or
national discontinuity on science, technology, and the national econ-
omy could be significantly ameliorated.

The world system is extremely complex and its future is largely un-
known. Nevertheless, the concept of a Science and Technology Out-
look begins with the premise that the future is not unknowable. Several
trends, events, questions, and issues in science and technology relevant
to the functioning of the national economy in its global context have
been identified and examined in this report. To investigate these fac-
tors comprehensively, thoroughly, and continuously probably would
require the institutionalization of the Science and Technology Out-
look at the Federal policymaking level.
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