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THE HOUSE COMMITTEE ON SCIENCE AND TECHNOLOGY
ON

RESEARCH AND DEVELOPMENT AND THE ECONOMY

" Mr. Chairman and Members of the Subcommittee:-

1 appreciate the opportunity to address this Subcommiftee‘“
on a most important and timely‘subject of bbth national and in-
ternational conéern." I ha#e testified many times before the
House Committee on Science and Technology, as well as other
committées and'subcommittees concernéd with science'and'tech-
nology issues. However, this is my first opportunity to address
this Subcommittee since you have assumed the broad special over-

~sight function for_scientific planning and analysis.
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Mr. Chairman, yvou have askad me to address the suhjeét-
of the.present héarings~~“Research and Deveiopment ahd the
Ecoﬁomy"*~based on compieted and ongoing work by the Generél_
Accounting Officé, as well as on the basis of my personal
views developed thrbugh many years of involvement in the RED
‘budget process and other issues involving science and tech-
‘nology. |

This subject is extremely bfoad and complex. I havg,
thergfore, prepared a rather iengthy statement for the record
but will preéent'only highlights in my‘verbal testimény. In~
cluded for completeness dr_emphasis are excerpts of testimony
I.have presented previbuély." |

INTRODUCTION

. Major Issues

My statement is addressed_ptimarily to four major issues.

Thege are:

--To what extent do research and_development of the
Federal Government and the_privéte sector afféct
the U.S. economy and its position in the world
economy?

~-What Should be the respective roles of government,
especially the Federal Government, and the private
sectbr'and.how can we éstablish a better climate

for utilizing our nationwide scientific and

e,

L

e T AT

R

oo

Tt e oz s

NI e

e



ﬁecﬁﬁological résdurces_to meet national needs and
to insﬁre our international'leadership and competi-

._tivenesé?

——How can we improve the decision process in the
Federal Goﬁernment for establishing_poiicies and
priorities for resource'éildcation and fér dealing

- with issues that transcend.the_purview of indi-
vidual agenéies.and components of.the private secﬁor?

~~How can'tﬁe Federél Government foster increased
application of'écience and technology to the-splué_

tion ofIState-and local government problems?

- Emerging Global Perspective

Befére discussing these issues, I shall briefiy descfibe
the situation or contexé‘in which I believé they must be ex-
_aminéd. | | -

Peter Drucker, in aﬁ.address nearly 15 years ago to the
annuél meeting of thé-COrporate Assbciates of.the American
Institute of Phyéics cn "New Knowledge in Physics and the
Economy," stated the propoéition that:. |

| "Scientific research is no iOnger tangential

to the ecbnomy: it is at its dynamic cbre.‘ Con-—

versely, social developments are no longer tan-—

"gential to scienﬁific research; they are a major

determinant.”
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Cairl H.'Madden, chief economist of the U.8. Chamber of
Commeroe, in a recent address to the General Accounting Office
~on the subject "Changing Roles of Government and Industry,"
presented an overview of what he calls.aﬁ “intelleotual revo-
lution" that is changing'human values and having a profound
impact on both'induétfy and Government. | |

- These changing values involve moving from‘purely eco-
_oOmic considerations with respect to teohoology to greater
- emphasis on environmental énﬁ social impacté.. He stated thatlr
.ln response to the human value changes, the corporatlon is be-
COmlng a socxal as well as an eccnomic organization.

He further stated that the Government must reooénize the
evolotionary character of economic activity and, therefore,

-the need for creative regulation; giving selective incentives

to'businéss'corporations to produce what people need and not -

inﬁerventionist regulatioh in an effort to control “something
called power." | | |

All of us would agree that never before has it been so
esséntial.to integrate scieﬁce and techhology ﬁith socio-
economlc considerations at all levels of pollcymaklng and
throughout the broad spectrum of organlzatlonal elements
lnvolved. The 1mportance of futurity in present day deci-

. sions interrélating scientific, technological, economic,

sociOIOgicai, political;'and institutional factors cannot
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be overestimated4 The domiﬁanca ¢f the Federal Government
and ilts impact on the elements of the infrastructure is
greater than ever before. Finally, both the national and
international situations are changing so rapidly that posi-
tive action is urgent. | o

We are éxpefiencing great éhangeé'in the role of research
and-developmen£ and the impact of technology innovation ih re-
;ation'to our national goals. As all of us know, our inter-
national léadérship in science and technology is being chal-
lenged at-a time of increasing world economic interdependence,
.especially in energy, food; and critical minerals. By adoptihg
special institutional arrangements between government and in-.
'duétry and by employing special incentives; foreign nations aré
 over£aking_0ur lead in'téchnology innovation and world trade.

At home, there is need for incréasihg_productivity in both-
public.and private sectors. OQur national goals and priorities
are shifting toward easing the energy crunch, environmental pfo;'
tection, cohservation of natufal resources, and solving urgent
related sociceconomic problems. All of these changes are having
a profound effect on the roles of industry and Government,'éspé«
-_cially'the Federal Government, as partners in our nationwide
science and technolégy endeavors;

‘Industrial iﬂQestmentlin R&D and innovative technology is

restrained because of uncertainties in the domestic economy,




the ilmpact of inflaﬁion on.capital-requirements, and the un-
certainties of Government eéonomig policiegs. Governments at
all levels have éstablished :egulations for envirbnmental pro-
tection,; equal employmeﬁt opportunities, safety of employees,
.-pfoduCt safety, and consumer ptotection. Some of these regu-
lations have stimulatéd innovative tedhndlogy; others have
':inéreased thé costs of doing.business and di%érteaicapitalr'
that otherwiée might have been invested in R&D.

ECONOMIC IMPACT OF
RESEARCH AND DEVELOPMENT

Economists and other scholars generally agree that there

‘iz - a high positive.correlation‘between science and technology

and the economy, but there is relatlvely llttle agreement con—-

cernlng precise measurements, the aporoprlate methodology for
“egstablishing these correlatlons, and the interpretation of
various statisticai results. |

A central problem is the inability to ﬁeasure'thé spe-
cific prbductivity of research and developmeﬁt. The recently -
'published "Science Indicators 1974" report by the National
Science Bbafd deals_primarilj with iﬁdicatofs that measure
resourcés~—human.aﬁd financial--for reseéfch and develocopment.
Compafed with assessments presented in the "Science Indicators

1972" report, substantial progress has been made in developing

measures of the outcomes or impacts of research and development.
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Forlthe mostlpart, however, the statistlics cited and the
output indicators used had to be sufficiently gualified in -
validity, methodology, and completeness to support firﬁ
conclusions or.recommendations. |
In the section on “Returns‘froﬁ R&D and Innbvation,"-the
report states:
"The contribution_of R&D and_innoﬁation to the
.economy and society is presently understood in broad
and general terms oniy, Existiﬁg knowledge of the
subject is fragmented and tenuous, to an extent.
" which prohibits the development of indicators of
.the kind preséhted elsewhere in this report.™
Nevertheless, several tentative conclﬁsions were stated
‘ qualitétiﬁélf,' Four ¢f these are: |
-~The contribution of R&D to economic growth and
productivity is."positive, significant, ahd high.”
—~Invéstment in R&D and innovation yields a rate of
return as high~—and often higher—--than the rétuin
_frdm.other investments,
--Industry may underinvest in R&D and innovation
with respect to ﬁhe probable retﬁrns to the firm

and the benefits to society.
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~~S£andard indices of economic performance reflect
only part.of the contribution which_R&D and inno=-
vation make to the ecehomy and society.

In view of such conclueions‘about the economic impact.of

-RSD, i£ is impoftant.to-note some conclueions reported in Scié
- ence Indicators end elsewhere about trends ie the allocation
of reseurces to R&D. Fer example:

--The proportion of the gross.national product {GNP)
spent for R&D has declined steadily over the last
decade in the United States, while growing sub-
stantially‘in Russie, West Germany, and Japan.

—-Whlle the Unlted States spends a hlgheL fraction of
its GNP on R&D than other non~Communist countrles,‘
these expenditures have been devoted more heavily

 to_defense‘énd space than those in other countries:
The United:States has invested‘a much smaller frac-
tion ofzite Réb budget'fot civilian industrial
purposee-then has its economic competitors.

QQIndustrially funded R&D'measured.in deflated (con-
stant) dollafs rose by a total of only 7 percent

'frbm'l969‘tg 1973, and declined during both 1974
and 1975 by a total of 2.3 percent. A small in—_

increase is forecast for 1976.




—~The Fiscal Year 1977 Fedefal Budget for R&D Ex«.
pendiﬁures reverses the preQious declines for basic
research and for defenée and space, but in constant
dollars the increase in expenditures for ¢ivilian

"R&D is smaller. |
Despite the lack of ptecise-quantifative output measures,
we clearly need to foéus greater attention an the_question of
whether the United Sﬁates may be in danger of losing its world
'leadership in science and techhology and its competi#ive eco-
nomic position in international markets. |

FEDERAL AND PRIVATE SECTOR
ROLES IN R&D '

I shall now discuss the‘second issue—-the_fespeﬁtive roles
of Governmenirand the p;ivaté sector in research and develop-
meht; The R&D proéess spans a wide spectrum of activities, but
may be céncéptualized generally into two broad categories—-basic
reSearéh and long-term exploraﬁory dévélopﬁent——which.ﬁﬁder— |
éird the technology bése, and mission of prodhct—oriented R&D.
In proceeding along the steps of the process from exploratory
research to'product.deveiopment, risks ﬁend to decline but
costs increase. For example, the cost involved in baéic re-

search and expioratory development to demonstrate technological
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feasibility of an innovaﬁion is genérally much less than the
cost to complete prototype development, tooling for manu-
fadturing, and markét development. These characteristics of
“the R;D process are suggestive of the respective roles of the
Federal Government_aﬁd industry.

Suppoft of Basic
Research and Educationr

For specific missions, such as defense and space, the
- Federal Governmentrsupporﬁs'all phases from basic,reseé;ch to
product development. For technology primarily related to com~
mercial products, the role of the Federal Government; wiﬁh few
exceptiéns (notably agriculture and nuclear energy), generally
has been limited to support of basic science and explo%atory
development of emérging techﬁolggies,. | |

Various efforts have been made to evaluate the imﬁact of
basic researéh, for ekample, through retrospectivé studies,
such as the Department of Defense "Project Hindsight" and the
National Science Foundation "TRACES Prbgram." Althouéh quali-.
tative correlations have been established to show contributions
-of science from manj years ago to technology that is widely
‘accepted today, it is difficult, if nét impossible, to estab~

lish quantitative economic measures to evaluate basic research.
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No one can tell whether, ﬁhen,.and how payoffs may come. Per-—
haps'more important, the sponsor of the research may not be
able to capturé the full benefits of the investment. The same
characteristics apply to funding graduate education.

For these reasoné, the private sector generally does not
support basic research and graduate education unless it can
identify a direcﬁ, prompt,réﬁd adequate return on i£s invest¥'
ment. A few éxceptioﬁs are iarge'corporétions and philan-
thropic foundations. As part of the Federal Government‘é
responsibility, therefofe, it must continue to provide major

.support for basic research and graduate education in both phy-
sical and SOCidl scilences éﬁd the engineéring disciplines, A

Jevel of support must be providéd to assure adequate prospecting

for scientific discovery to provide a reservoir of knowledge from

which the technology base is derived. This type'of research can-

not be directed or evaluated in the same way as mission-oriented

R&D,

VWe hévé not been abie to develop'any "bést" Eormula for
the level of Federal support of basic research—wé percentage
of the total Federal budget, a percentage of.the_totai R&D

. budget, a percentage of the gross national product, or the
consensus of experts iﬁ various disciplines. However, I be-

lieve that a rationale can and should be'developed and criteria
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eStablished to éssure continuity and Stability of federally
sponsored efforts. In other Qords,_l believe we should have
'a long-term investment plan.

A major portion of basic research is performed in academic
institutions, with close éérrelation between research and gradu-
ate éducation. Recently there has been a tightening of insti-
tutional funds and fellowshipé for'academia. Furthermore, cost
inflation results in highér_overhead costs and less reseérch
for each dollar invested. Graduate stﬁdents aré moving into
"the fields with most financial support of research and gradu-
~ate student assistantships. Thus, graduate‘traipingAprograms
are becoming éapﬁive-to current research éuppqrt and are not nec-
. esgarily consonant with the best educétidnal plan for developing
préfessibnai talents to meet the future job market.

Many factoré, including the high capital cost of facili~-
ﬁies in some resea:chlareés and the need for long“term Stam
bility and maintaining a "critical mass” level of effort with
opportﬁnities for full;time career-researchérs, have caused
some to raise the question of whether éupport for research
and'graduate education should be decoupléd; Perhaps at léast
a determination‘should'bé'made of how to assure that graduate
and postgraduate training is suited to the future jdb market
and that continuity and stability of essental research pro-

grams in both physical and soclial sciences are maintained.
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In funding béﬁic.fesearch and gréduate education, the
Government not only supports_indusﬁfy's R&D efforté by
.augmenting the science:and technology base underlying.the
innovation process;‘it also supplies a stable bése of‘s¢i~
~entists and engineers. Basic research should continue to be
conducted at Governmeﬁt laboratories, universities, and pri-
vate institutions,_depending on the capabilities of each.

Somé reorientation or rethinking of Federal policies and
‘priorities toward funding the science and‘technqlbgy base may
be apﬁropriate. This reofientatién cquld-be based in_part oﬁ
increased distinctions between R&D policy supporting defénse
_and_space on one hand and consﬁmeruqriented téchnology on the
other, Sevéral noneconomic criteria are important in deci*lr
.sions cbncerning défensé and space R&D. While there are

‘"spin-offs" from defense and space R&D to commercial markets,

they are not crucial elements in the decision to fund defense

and space R&D projects.
Federal finaﬁcing'of applied research and development in

support of commercial technology should be considered in the

context of potential economic and social benefits to the Nation.

“and in relation to the private sector's ability and motivation

to invest its own resources, as well as in relation to other
Government initiatives that can influence the climate for

private~sector innovation.
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£ Iy W LAl T LET TV NT
COVEDNMEN T~ INDUSTRY

Many pecple haﬁe atrenpted to diagnose the barriers to
innoﬁation‘and tec offer solutions for improving the climate
for Government—industry cooperation., The problems thét have -
been identified generally fall into twd broad'categoriesn The

first is to a large extent subjectivé and attitudinal. The
second comprises a number of tangible factors..

Viable technology-intensive industries-~large and small~“
afe'indispensable'to our ecénomy and Ehe achievement of spe;
@ifié national goals.. 'We'must, therefore, come to gfips with-
-issues.that tend to creéte adversary attitudesrand_find~better'
ways to work together. |

Attitudinal Problems

. —Perhaps the major subjective problem inhibiting Government-
industry cooperatioh is the lack of mutual trust. Many Govern-—

ment officials are suspicioué of industrial motiveé”énd_the_
potential economic and poiitical power of large éorporations,
especially thosé with multihational affiliations. On the other
hand, indusﬁry ig concerned-that Government officials do not
undersﬁand‘and appreciate the profit motive. Industry also
believes there is{a 1ack of understanding by Government offi-
clals of the technology innovation process.

—

Also, the meaning of public accountability is commonly

misunderstood. Some Government officials believe that public

- 14 -
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accountability mesng that every Federal dollar spent should be

Pe e

tagged witihh a program directive,.management control, and Govern-—
ment ownership of whatever results.
There ére siltuations in which a broader view of public ac—
-countability is appropriate‘which would not provide for specific
direction‘and management by the Government nor Federal ownership
. to the resulting product., In such cases, the proper question
to ask is whether Federal funds are being spent wisely in the
public interest, such as to.stimulate useful innovétion; Two
examples that come to mind are Federal policies with respect
to patent licensing and support of basic research and graduate
education. |
Some Government officials'hold‘the view that patents de-
jrived from federally funded R&D must be owned and controlled

i

gentirely by the Government. However, in most cases, the pﬁblic.
g_intefeét may. best be served'when.private industrial contractors,
with a few provisos, aré granted exclusive licéhses for commer~;
- cial development. o '_ . L S L
As I have indicated previously, basic ;e&farch cannot be
'difected or controlled to the same deg:eé as applied reéeafch
and developmént. Also, the wide dissemination and use of sci-
entific information best serves the pﬁblic interest.

-When developing and marketing commercial pfoducts,'industry

naturally prefers to exercise its own discretion independent of

- 15 -
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any Géva:ﬂmant'aSSLstance or {nﬁlu@ncé untiess it nesds helpy
“to deal wiﬁh'sefious threats fron fdreign_éompetition vr another
domestic eﬁterprise which it believes‘is exercising ﬁnfair Com=
petition.l Industry is particularly concerned about the con-
.straints of Government requlations which.tend to-divert capital
from innovative R&D to R&D and othar investments necessary to
cdmply with regulatory'requirementsq Furihermore; some mulsi-
--pnational corporatibnsjmay not be inclined to share strategic
:infqrmation with the Government; and to pian and_conduét their
busine$s,in éuch manner as to assure.harmony with the inter-
national objectives of the United States.
As a final‘attitpdihal concern,.there‘are many in both

- Government and'industfy who:aré unwilling to assume respoﬁsi—
bility for what.othérs would judge to be reasonable and neces-
sary ﬁisks.for investment in exploratory research and develop~-
ment when the payoff is uncertain in time or economic return.

'Tangible Probiems

Many factors have been_identified as real or tangibla con-

- straints that tend to cause a decline in technology innovation.

.Among these are the uncertainty of_the.econﬁmy, the high cost
ﬁf capital;'and slowdown during the iast.few years in.Federal
spending for researchrand development. The myriad of regula-
tions established by both Federai and State Governﬁents'afféct
the cost of doing business and-ﬁay involve cénflicting reguire-

ments imposed by different agencies. For example, in Federal
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'procuremeri of conventional commercial products, the public
‘would be sarved beilter in.many cases by best-buy competition
Vbast_on super ior or innovative performance and life-cycle
: dosté, rather than by the prevalent procurement practiﬂe which
‘terue to favor the lowsst bidder who offers products that meel
acceptable guality specifications.

In the larger sense, criticism is ievied that we have
not established a consistent national policy and strategy for
Government-industry relations fc balance incentives and con?
Straints and assure a favorable climate for technology inno-
vation by private enterprise. 'This-conﬁéasts sharply_to other

nations, notably Japan and West Germany, that have both poli-

.Cies and épecial‘institutional_arrangements to foster industrial

technology innovation and improved manufacturing productivity.

Paft of this'issue is the question of whether our anti-
trust laws, which were establishéd primarily on a domestic
ba51s, need to be reexamlned in an economy which is becomlng
increasingly world 1nterdependent in market relatlonshlps and
competition, -iThlS guestion is hlghllghted by the increasing
number and size of multinational corporations and the fact
that foreign corporations are growing faster than U.S.

corporatxons.

Most of the other industrialized nations have developed

closer relationships between government and the private sector
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or capital formation aond RED divected to the'pﬁivate econdmyo
" This is5 an area in which we_perﬁa;s should explore new par-
spectives for Governmeﬁtmprivate'sector interacﬁion'within.
the framework of American institutions.

Several faCtorS'néed té be recognized and_dealt_with to
improve the effecti#eness of these relationships. Many of these
are selfnevideht;_however, it is worth recapitulating sowme con=-
trasting_characteristics that distinguish the roles of DOD and
NASA from those of some nondefense, nonregulatory agencies—-
‘particularly as they relate to partnerships with private industry.
DOD and NASA are characterized by: .

-~-well defined missions and recognized‘?riorities;

--firm ﬁational commitments; |

~-federally controlled destiny, i.e., independent

strategy not contingent upon bther jurisdictions;

.and |

~—gelective support of R&b'and purchaée‘of resulting

products‘and services, i;e., closed-loop missions

and marketsf
Civilian agenclies, such aé the Urban Mass'Transportation Agency,
the Office of Water Reseérch and Technology,.the Bureau'of Mines,
ahd the Law Enforcement.Assistance Agency, are to a large extent
characterized by: | | |

~--broader public service goals and less definitive

priorities,




~-missions comprising nationwidg collections of

local problems haviﬂg‘some commenality ¢f national

- significance,

fjleadership roles limited by jurisdictional pre-

rogativés of State and local governments--
responsibility fof.coordinaﬁion but no control
authority, and |

_—~sponsorship of technology innovation but without

purchase of resulting.products.and services.

The characteristics of the Energy Research and Develop-
ment Administrationlafe mixeé but,iwith the exception of the
“nhuclear energy'aﬁd WeAapons p;éérams,‘are more like.the‘othér
nondefense ageﬂéies. | |

Now let us look at the situation as viewed by private
industry seekinglto develop viéble ﬁarkets for its teéhnology—
intensive proaucté énd services. There are four fairly distinct
types of markets potentially available.

—-Closed—lobp.Government defense~-type markets in

which industry assnmes.low risks, obtains direct
support for R&D, and hés a readf—made'customer
for resulting products.

-—Strictly commerciallcomgetitive enterprise inu

volving magnitude of investment and timescale
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'with;n such limits that industry asauméslthe
:iﬁks? deyelops its st;ategy, énd competes fof
known markets. -

--Important éomme;cial %entufes to ﬁeet urgenﬁ

national needs that involve magnitude of in=-
vestment, timescale, and risks too great for
the private sector to handle without Govern-
ment assistance..

-~The public technology market, i.e., State and

. local governments, and other publiC*service

institutions which comprise a latent, non~
standardized, and fragmented market in need
- of Federal ieadership to alleviate barriers
to market aggregation.

In the last two situations, the Government's role and its
relationship to industry is a different ball game.. We still |
‘are in the learning process bf when, how, and to what extent
the Federal Government should provide leadership, intervention,
or_assistance in these situations.

‘Major Essential
Commercial Ventures

There are controversial views concerning the Federal

- Government's role in the mobilization of combined nationwide
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solentific éhd techﬁelogicdl CoSouyoes reguired to develop
major.commercial products needed to meet national goals. For
~example, although ERDA, in combination with industrial firms,
is investing heavily in nuclear power_dévelopment, some ex-—
?erts'question.what the specific role of the Government éhouid
-bé in thisienterprise. B |
| The basic argument is whether the Government shouid‘finaﬂbe
and'manage such programe directly or provide the right climate
and incentives for innovation by the privéte sector, as well as
ingurance against the risks, with ovérSight sufficient to as-—
sure adequate public protection from poténtial hazards and
moﬁopolistic advantage or excessive prices. |
The energy problem involves'extensive industrial partici~
pation and its prdducts ultihately‘will.be commercially de-
livered to pubiic uﬁilities and other users. The technological
and market uncertainties, combined.with the loﬁg timeframes and
the magnitude'of'cép;tal investment, reguire that the Federal
Governﬁent be involved; The guestion 1s: Tb what extent and
how? _ 7 |
GAQ has réported'to the Congress on.ﬁhé ERDA:Liéﬁid_Metal
Fast Breeder Reactor—-é high-pfiority energy reseafch ahd de~
‘velcpment program. The prqgram bbjeétive is to develop a broad

technoloqical'énd engineering base with extensive utility and
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‘induxtfial involvement which will lead to a strong competitive
commércial bfeeder induétry; We.addfeased issues rele%ant to
key questions facing the breeder program.decisionmakeré, such
as need and program timing, benefits, costs, risks, and.options;

We conclﬁded_that the‘program should be continued with
substantial suppért £rom the Federal Government with a clear
_recognition that it is still a résearch and deveiopment Lro-
gram. We believe there has been premature concern and enphasis
on commercializing the reactor at a time when the Natioh is
years from demonsﬁrating its reliabilityf economy, and safety.
When and if the research and development efforts succeed and
technological and economic féasibility are demonstrated, there
will be issues yet to be resolved regarding the transition
froﬁ major Federal in%olvement to commercial im?lementation
by thé private sector.

.In February 1975, we issued a report to the Congress en—
titled "Federal Coal Research--Status and Problems to be Re-
solved.™ We found that for coal to playlan important role in
meéting energy demands, three developments are essential.

~-Research must demonstrate the commércial feasi-
bility of converting coal to synthétic gas or

liguid fuel.
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— b Céal inéustty mus& be willing to finance and
be capable éf sdppiying increasing guantities of
coal.
w~Environmentai probiems associated with coal supply
and use must be resolved fationallf.
We suggested matters for consideration by the Congress,
~including Federal inceﬁtives that may be needed to overcome
the problems which could delay the transition from the research
phase to the comme:cial production phase for éoal convérsion'
processes. Incentives may be needed in the areas of_dévelop-
mént of‘costly épecialiéed equipment, obtaining plantsite |
locations, and capitalizatioh of new conversion industries.
- Federal action and'funding may be needed for improving mine
technology, lncreasing manpower, new transportatibn_systems,
resolving environmental considerations, and incentives to
attract private investment5
~Another GAO study recently completed was a review bf NASA's
land satellite experimental program. The satellite is being de-
veloped Eo determine thé feasibilitf of using remote-sensing
 téchno1ogy to assist in achie#ing more intelligent management
of.our environmental and natural resocurces to help relieve the
global energy, mineral, and food shortages.
Oﬁe'of the issues_yet to be resol%ed is the establishment

of a long—range plan, including the question of the Federal
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Govarnment's role in supportice sitellive-based remote-sensing
technology. The technological and market uncertainties, combined
with long timeframes and the magnitudé,of capital invesiment,
discourage private-sector support. The guestion again ls: 7o
what extent and how.should the Federal Govetnmenﬁ support the
emerging technology? - | |

_These examples illustréte the point-that we have not vet
esﬁablished a conéistent policf_concerning the respective rolas
. of Government and industry in  the developmeﬁt of major iongf |
term commercial ventures.to meet national needs. It is un-
likely that a formula for general application can be devised,
but I believe that further study of policy alternatives should
bé continued in én effort to establish a genéral policy and
establish criteria for guidance in determining the Government's
role in each situation of this type.

Manufacturing Productivity

Inproving productivity in both public and private sectors
has been récognized generally as one of the most effective means
to stimulate economic growth.

Since 1970 the Genéral Aééounting_office, in cooperation
with executive branch agencies, hés been:fostering efforts to
measure énd enhance tﬁe productivity of Federal activities.

* Under the Joint Financial Management Improvement Program, a

report is submitted annually to the President and the Congress
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o] ideﬁtifiabl@ cavses of productivity gains and losse: and
r@éommended actiﬁﬁs to foster improved psoductivity.

The U.S8. Governﬁent,.with over $50 blllion annually in
purchases of goods from thé American eéonomy; has a direct in-
tereét in réducing these procurement costs through improwving
manufacturing technoldgy and thus increasing producﬁivity@
Domestic supplies of raw materials are diminishing, and thare
will be a need to increase our raw material'imports with the
probability of continually paying higher unit prices. 1t will
. be necéssaryffo.expand'our exports to pay for the‘increased
imports of raw materials. | |

In recent years, there has been- a éignificaﬁt rate of in-
crease ih the imports of_high—technology products which-have
consisténtly been among our major exports; Furthermore, the
'“‘U,S.'rate of improvement in manufacturing productiﬁity is
~among the lowest in the #orld,

'GAO has recently coﬁpleted a édmparisbn of programs in
the United Stateé and other countries concerned with advancing

' the state-of-the-art of manufacturing technology,'particularly

in the manufacturing of parts and components produced in medium

and small lots—-with special attention to the potential for fur=-

‘ther application of computers to the design and manufacturing

process.

We concluded that the United States generally uses more

advanced manufacturing technology than other countries in the
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world., The U.8. total outpus and cutpuit psr emplovyed parson

is higheyr than any other nation's. However, our advanced teoh-
. F

nology is concentrated iﬁ a few highwtechnology and/or capital-
intensive firms, such as in aerospace, electronics, and dther
industries producing defensemrelaﬁed ﬁroductsu It is not well
diffused throughout the civil U.S. industrial base; Our study
also suggests that, without some added impetus, the advanced
ﬁechnology will not expand or diffuse widely to small“.or
medium-sized firms through 1985,

In terms of "best practice,® however, our study indicates
that the United States no 1§nger has a téchnological advantaqge.
‘In_geheral,.the lével of technical capabiiity in all industrial
nations seems about_equai, although iﬁdustfial firms in some
countries seem to have highef levels of sophistidation in cer—
‘-tain aspects of advanced manufacturihg technology than firms
in other countries. |

Our international competitérs are capturing‘increasing
'shares of foreign markets and are inéreasingly penetratihg
U.8. markets., It is significant that they'ére competing in

those markété with U.S. high—technology méhufacturers. The
principal U.s. eprrts for the future appear to be.esséntiélly
the same as at present, i.é., primarily agricultural products;
‘aircraft and components, electronics (principally computers),

and nonelectrical machinery.
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Unlikeé the Unitéd States, our principal foreign compzti-
tors have wellndeveloped government-directed programs and -
special institutional structures for overcoming barriers to
&iffusion of existing manﬁfacturing technology, and for ad—
vancing the state~of~the~-art through coordinated resgearch and
.development programs. At least inferentially as a result of
éuch prograns, thesé count:ies have shown better results than
the United States in sﬁch areas as rate 0f increases in pro-
- ductivity, international_trade, modefnization of facilities,

and capital investment in modern technology.

In addition to improvements in traditional manufacturingr

methods, computers and numerically controlled machines are
changing both the management and the engineering technology

of manufacturing. There are indications that manufacturing

methods are about to change—-not incrementally but radidally.

The changes are already taking place in the foreign countries
where the productivity~improving institutions and mechanism

_were created to recover from the adverse effects of war.

- Such institutions expioit, déVelop, and diffuse the new

computer—-integrated manufacturing systems and are well designed

to continue development of their nations' manufacturing pro-

ductive capabilities faster than that of the United States.
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Their sucéess_is evidenced by thei:r increasing share of the
Lnterﬁational mafke£s¥win some cases, at the expense df‘oar
own manufacturers. |
But our principal concern is for the future. We need to
foster international competition which stimulates each country.
toward the common goal of improving worldwide living standards,
To insure Quf ability'to compéte, howeyer,'we must take positive
measﬁres'ﬁo strengthen our ownTmanuﬁacturing.productivity.
| Significant short-term benefits are possible through im-
.prbved diffusion.of the available technology.- For long—ﬁerm,
sustained productivity increases, research and develépment ié
_hecessary'to find new methods and to refine éxistiﬁg techﬁology
'éo that it éan be ecénomicaily_used outside the few highly
l'capitélized,-highwtéchnology firms. |
| In_ﬁhe most successful foreign cbuntries, both programs
and instiﬁutional models involve joint public¢ and private
efforts. The United States has no comparable national pro=-
gram, although several Federal agencies are interested in this
'éubject;'and a newlinstitution has been created which could
provide the centrél focus'énd admiﬁistration for it{ This
| agency is the Nationai Center fof Productiﬁity and Quality
of Working Life established by Congress in November of 1ast

year.
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On the basis éf the GAO-analysis of manufacturing tach—-
lﬁoléﬁj, we have éoncluded that ihere is é need to'establish

- manufacturing Ptoductivity as a national.priority and to create

a national focal point to assist U.S. industry in reaching for

" the most advanced manufacturing technolégy and diffusing this

technology throughout the private sector. Obviocusly one centar

could not do everything that needs to be done; however, a single

cenﬁér can perform a 1eadership, coordinating, and catalytic
function. | o |
We have recommendeé.that the-National Center for Produc-
tivity -and Quality of Working Life take the 1ead iﬁ develbping
a national policy and appropriate means for achieving balanéed
producﬁivity gfowth in the ihdustfiﬁl manufacturiﬁg base. Fﬁrf
'-ther, we propose thét the National Center, in carrying ouﬁ.tﬁis
- recommendation, seek the cooperation and aséistance of the De—_
partment of Commerce and othef agenpies;- Thé expertise within
the Department of Commérce, particularly in the National Bureau
of Standaras and.the National Technical Informétion'Service,-
would éllow that Department to play a major role in'pro?iding
technciogical leadership'ana support. |
The-combinafion of the expertise of thé National Centér

‘and the Department of Commerce and their close coordination
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Cwith éther public aﬁd ﬁrivate orgnnizaﬁioﬁz would providé the
much needed focal point to coordinate all the disparate Govern-
ﬁent'and‘private wofk in developing, standardizing, and diffus-
ing manufacturing technology, and assist the emerging State‘and-
regional productivity organizations to advance manufacturing
Ltechnclogy. |
A number of SpElelC functions should be embraced by this
central focus and leadership. Three of the major ones are.to
~fcolle¢t and evaluate manufactufing technology in- -
formatioh from all'avaiiable sources and esﬁablish
means for disseminating state—of-the-art knowiedge
to potential users; |
effoster'the development and acquisition of new tech-
nology in various ways; and
~-analyze public pblicy options and formulate recom—
mendations that will improve Government—-industry
cooperatlon in stlmulatlng product1v1ty 1mprovement.

Technology Transfer and
International Trade

- GAO recently issued a report entitled "The Government's
Role in East—West"Tfadé—wProbiems and ISsues.“'”This report
included certain findings and recommendations associated.with
'édministering and monitoring exports to and technology ex-—

changes with Communist countries. Although this work centered
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on trade with Communist countries; many of these conclusions
and recommendations apply to such exports to all countries.

A major observation of our report is that the imple-

 mentation of export control policy and procedures has resulted

- in a continuous series of ad hoc decisions and fragmented Con-

-sideration'of strategic export controls. We noted an absence
of agreement on criteria'and'standards for determining which
- goods and technologf should be controlled and whether foreign
jpolicyk'ccmmercial, or'defensé consideratibns should dominate
~export control policy. We'concluded that 1ack of agreement
._:eflects_fundamental interagency and iﬁternational differences
regardiﬁg licensing sténdards and ?rocedures to be followed in
controlling exports.

Present export controls.predominantly involve naﬁional'
' sécurity concerns and are directed to.monitoring trade with
Communist coﬁntries. ‘Access to technological know~how is
often of greater strategic importance. than is poséession
of the products of the technology. Effective regulation of
technology exports'is_probably,the most complex export control
problem beCause.of the difficulties of pinpointing areas of
teéhnology which should be controlled and of esgtablishing
effectivé controls.

There is limited monitoring and assessment of technology

exports for strategic or other national interests. Existing
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contfﬁl requlations for the transiser of technology ars
foctive for various reasons. Mos® important is the rneed to
'improve.executive branch understanding of the many ways tech-~
nology can be transferred and the effects of these transfers
on national secur ity and domestic economy.

'rAlihough the Government is directly involved with tech-
nology development  through such efforts as R&D, it has no
mechanism nor.any clearly defined authority_for monitoring
the expoft of technology to assess its impact on such economic
nationai interests as-employment, balan_ce—of-—tradef etc. Even
for.strategic reasons, no reporting systemlexists thfough which
the Goverﬁment would be'inforﬁed of the mahy technology trans-
fers private industry makes. For exarple, the executive brénch
~has no authority to‘reQuire fhe submission of private sector-
‘Communist government téchnology exchange agreements for review
and approval. |

Our East-West trade report made a series of recommendé*
tions to the executive branch which were intended to improve
the administration'of national ahd international export con-
trols. Specifically, (1) the role of the Department of Com-
merce should be‘éipanded, (2) approval for exception cases
should be more_cafefully assessed against U.S. national
security interests, and (3) the understanding of international
technology transfers should be increased to permit asséssment

of their effects on security and other national interests.
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Our repo:t.also identified several imporﬁant mattero Lo
_consiaeration by the COngfessi The administration of export
controls and technology exchanges has important implications
for many national interests. Efforts to examine the need for
_amending the Export Administ;atidn Ac£ should include con-
sideration of national policy goais_for relationships with
Communist countries. Such congideration requires coordinated
attention by various congressional groups invblved with spe-
ciﬁic pdlitical, economic, or strategic issues of this rela-
tionship. The formation of export céntrol policy and its
'relatiOnship to national goals also reguires the joiﬁt effort
of the legislative and executive branches of our Government.

' The responsibilitiéé of private inte:esté in thé policy forma—
tion and implementation process should be considered, as well

as the-Government's ﬁeeé for information about private sector
activities, Some companies, on their own initiative, have
established policies for exchanging technology in-kind rather
than licensing a foreign enterprise for direct financiai con-
siderations. Perhaps more of this practice should be encouraged,
but the Governﬁent should be kept apprised of such arrangements.

DECISION PROCESS FOR R&D
POLICIES AND PRICRITIES

Now I shall discuss the third issue--improving the decision

process for R&D policies and priorities. Some recent initiatives




oy
et

by the FPedaral Gavarnmaﬁt; both within'thﬁ executlive branch
by the Congress are aimed toward establishing more definitivae
.aﬁd enliéhtened policies and priorities for resource allocation
~and for dealing with iséues that transcend the purview of in-
diviéual ageﬁcieé and the private sector. Among thesé_are_
~fthe pending legislation;-now péssed by both thé

Senate and the House, to establish a Séience |

and Technology Policy Adviscry Office in the

" White House: |

-~the Office of Technelogy Assesément éomprehensiveg

study of Natiqnal R&D Policies”and Priorities;

-~the National Science qundation R&D Assessment -

Program;
-—the National_Bureau of Standards Experimental
Technoloéy Incentives.Proqram; and .

-—the GAQ effért.to introduce an improﬁe&‘classi~

fication structure for the Federal R&D budget.-‘

With regard to fhis-last task, it has been recognized for
some time that the "Special Analyses, Budget of the Government—f
Federal Research and-Dévelopment Programs," submitted annually
along with the executive branch presentation to_the‘Congress,
haé not been adequaie to serve the needs of the Congress.

This analysis presents the total Federal commitment to research
and development and to research and development facilities.

'Amounts are shown in three categories-—~defense, space, and

- 34 -

S,

T

e e

e g

B

i e

S

R ————a



civilian {other iﬁdn Spdace; . Beycﬁa the‘amodnts for those
three categories, the speéial analysis also includes the ra-
search and develépment programs of the larger Federal agenciesf
However, there is no¢ interagency comparability because the
agency presentations are in terms peculiar to the agencies.

As an outgrowth of GAD's work in assessing and developing
improvements in the informétion requiremehts 0f selected sub-—

- committees of the Cdmmittees on Appropriations and at the en~
.COuragément'of staff members of the House Committee on Séience
and Technoclogy, GAO has developed a unifiedmobjective oriented
classification étructu:e fér use in presenting Federél R&D
budget and fundiﬁg data. The structure was transmitted to

the Office of Management and Budget in Sepﬁember 1975 re-
‘queéting that it be used in a supplementa:y budgét presentawl
tion along with Submiséibn.of the President's budget for fiscal
year 1977, OHB iﬁ?lemeﬂted a part of the structure by . collectm
ing and presentlng R&D fundlng data from 14 departments and
agen01es. GAO is contlnulng to work with OMB to achleve full
lnplementatlon of the structure,

The concept underlylng the GAO~developed structu*e is to
provide a unlfled framework for v1ew1ng Federal research and
development among Federal agencies.in terms of therlevél of
effort directed toward aécomplishing similar national'pbjec-

tives or finding solutions to similar national problems. The
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executive branch does not pfaééntly Drovide thé.Cﬁﬁjfﬁﬁﬁ
picture of Federal R&D which is sufficiently clear, comprebn. - .
sive, and timely to enable meaningful comparisons. Such'comw,
parative information is needed to allow.the Conyress the
opp5rtunity to consider the total Federal R&D.budget and the
relative mix of RéD programs with respsct tb nétional piiorim
ties. - Witk the new timetables for budgét authorization and

'appropriation actions, as established by the Congressional

Budget Act of 1974,'thé schedule for'providing such information -

to the Congress each year is criticél.

I shall suggest one example of the kind of analfsis that
would be egpecially usefui'to this Subcommittee in its broad
R&D oversiéht function. Even though this Subcommittee‘s over-
- sight is limited to nondefense R&D, it should have the benefit

of knowing the total Government R&D expenditures in areas.such
as transportation, energy, energy conservation, materials, én—
vironﬁent, food and nutrition, health and biomedicine, human
_resoufces, communications, electronics, and astrohautics. of
the projected fiscal year 1977 defense budget of approximately
$11 billion for research, development, test, and evaluation,
probably as much as $1.5 to $2.0 billion is for technology base
R&D in areas thét are not only related to the defense mission
but aléo are synergistic with nondefense R&D programs. Breakf
~outs of DOD expénditures by functional.categories in which

civil agencies are also involved would enable comparisons and
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evalpations of o?&rall Faaerél'eﬁpehdituras by fields of en-
deavor and would sﬁpp}ement the Special Analyséslof Individaasl
“agencies' R&D progfamé.

We'believe that executive b:ahch implementation of the
GAondeveloped unified~objective oriente& classification struc-
" ture for FederallR&D_will greatly:assist_the Congress in estabﬁ
lishing Federal R&D funding priorities, as well as the most |
desirable mix of Federal R&D ?rogramsh | |

FEDERAL ROLE IN PUBLIC
TECHNOLOGY INNOVATION

The fourth and last.issue I shall discuss today is how can
the'Federai 1eadership be improved in assisting State and local
 governments to adopt innovative technology. Much attention has
been given to pélicies.and priorities for the Federal allocation
of resources for research and development and toward examining
the incentives and'diéincentives that affect private investment
in R&D. A closely related iséue which, in my view, has not been
given adequate éttention is.the applicétion and utilizétion of
technoldgy in the public domain, particularly the respective
partnership roles of the Federal, State, and local Governments
and the pri%ate sector in public technology innovétion tb |
improve the quaiity and efficiéncy of pﬁblic services..

Industrial productivity and the ecoﬁomy can be stiﬁulated
by spéciai tax inceﬁtives, enlightened_patent policy, selec~
tive reléxation of adverse Government regulations, and in many

other ways. Such assistance is important when market forces

- 37 -

P ST RSP



s

I RN S . - e A P T T : T - 1 S B
are inaiscuata2 or when externalitisg or bigh risk precliuode
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adeguate private investment. But such stimull alone gonoerail

will not motivate industry to invest its own resources to meet

the technological needs of public institutions. This is'espem

Cially true when the public market forltechnological.pfoductﬁ

and services is latent, fragmented, or intractable because of

volitical, parochial, and jurisdictional constraints., These

‘factors, as well as economic limitations, greatly inmpede the

acceptance of technological innovations by public institutions.

The primary role of Federal civil agencies in technologi-

cal innovation, therefore, can be to provide leadership and

indentives to others, inéluding private industry. The Federal

role

involves

--identifying problems and potential solutions,
especially those with nationwide commonality;

~=adapting existing téchnology or gsponsoring RE&D;

——demonstrating the feasibility of technological
improvements; |

-—eétablishing performance-standards}.

--removing barriers to acceptance at State and
local levels;

~-employing regulatory authority; and

- ==-subsidizing or providing special incentives for

the transition until the potential for aggregated
markets and economies of scale motivate the private

" sector to invest itg own capital.
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To be most effactive, Federal agenciles must establiah
better partnerships with State and local governments and tho
private sector. Since industrial resources are needed to pro-

duce goods for public institutions to use in improving their

services, industrial contractors should be involved in the

early phases of R&D, adaptive engineering, and demonstration.

Recent Studies- and Exper iments

in Technology Innovation

Much more needs to be learned about public technology
innovation-«the'process of not only generating technoloéical'
options, but also fostering the selective adaptation, transfer,
and use to benefit both the economy and.the quality of life.
Even so, we have certainly leérned enough’to realize that the

Federal Government's leadership role in the'technology delivery

system needs to be improved.

In recent years, a number of studies and experiments from
which lessons are being learned about the process have been
‘performed or sponsored by Federal agencies. Notable examples, .

in addition to the previously mentioned R&D Assessment and Ex-

perimental Technology Incentives Programs,'are the NASA Tech-

nology Utilization Program and the National Science Foundation
Intergovernmental Science Program. These efforts include experi~

ments in active technology transfer methods and institutional

- .arrangements, Federallprocurement leverage, and aggregation of
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Experience gained by Lne

o

[ T e e - [ o LT
TarEens Common Lo 4 numbhsry of cltiag,

‘Federal Laboratory Consortium for Techholoéy Transfer is also

relevént. .This consortium was initiated by a group of defense
laboratories but has now expénded to include representatives

from other agencies, cocrdinated through the National Science

?oundation,

CONCLUSION

In conclusion, I beiieve major attention should be directed

toward three issues:

~~lmproving the'measurement and ahalysis of the
impact of R&D on both the domestic and inter-
nationai scenes;

—--Improving the climate for Govérnment—industry co-
operation to stimulate technology innovation and
_enhancé_proéuétivity; and

-—Improviné Fedefal leadership in the application
of technology to State‘and local govefnment-
problems. - |

In seeking better;measurements'of_the economic impact of

R&D, more wofk is'needed in developing science indicators with
émphasis on outpuﬁ measures., I also‘believe that more micro-
economic analysis of specific R&D efforts should be pursued.

-~ What can Qe do to improve the climate‘for'Governmént—

industry cooperation? I have no panacea to alleviate the
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abbitudinal constraints that conbtinue b retard the develop-
- oasent of a more constructive partuership between Government
and industry.

It behooves all of us--individually and collectivély——to

make extraordinary efforts to achieve better communication and

mutual understanding of our respective needs and interrelated
goals in the context of our totallresponsibilities and oblig:a-~
vionsz. Continued studies and publicatioﬁ'of resulfing reports
c¢larifying thé issues and alternatives should help to improve
~understanding. h

An excellent example is the July 8,-1975, reportlby

Robert Gilpin entitled "Technology, Economic Growth, and Inter-

natioﬁal Cqmpetitiveness.“. This is a report preparedffor use
_of the Subcommittee on Economic'Growth of the Joint Economic
Coﬁmittée. Another good example is the 1973 report, entitled
"Barriers to Ihnovatioﬁ iﬁ-lndustry; Opportunities_for'Public
Policf Changes, " based 6n a study_sponsbred by the National
Science.Foundation and'pefformed as a joint effort by the
Industrial.Researéh Institute and Arthur D. Little.

= .Also, coﬁtinued'discﬁssion and debaﬁe in open forums aﬁd.

panel meetings,‘such as those sponsored by the National Sci-

ence Foundation, the National Bureau of Standards, professional

societies, and trade associations can help; especially when all

interested parties or sectors, including labor and consumer

‘groups, are represented. Congressional committee hearings,
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.xuch:as ysur.Suqummittee is now conducting and the extensive
hearings held by the House Committee.oh Science and Technology
on scienceland technoleéy policy éné organizatidnrdufing the
‘last three years, are extremely useful for improving under-
gtanding and perspective,

With.fespect Lo the more tangible iésues, it is clear
that the Féderal'deernment needs to stabilize its economic
_ahd regulatory poiicies to reduce unéeftaiﬂties affecting
private investment in technology inhovatiom.. A comprehensive
evaluation of the effect of Federal.regulations is needed to
assess the individual and collective efféét on thé ciimate
for private-sector R&D, as well as.to determine cost effec~
tiveness and ascertain'whether appropriate shares of the
costs are heing borne'bf the primary‘beneficiaries.

In aadition,.more policy analysis is needed_to develop
general guidelines and criteria for determining when? hbw,

‘and to what extent the Federal Government should be directly

involved or should alleviate some of the existing constraints

and provide special incentives for commercial ventures in
technology—intensive industry. Particular attention needs
to be given to determining the respective roles of Government

and industry in major commercial ventures needed to achieve

“national goals and also to assess the impact of Federal policies

and regulations on the environment for spawning new enterprises

and fostering the growth of small innovative companies.
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On the internabional soesne, means mﬁst e establ labad for
sharing of strategic information between industry and Govern-—
ment'toiaSsure.that intérnatiénal agreements COnsﬁmmated-by
induétry are éonschant with Governmené‘objectives, Importankt
iessoﬁs can be learned from the spééial‘a{rangeménts betwean
-governmeht and indusfry in the fdreign ihdustrial nations even
though they may not be directly édaptable to our systen.

Planned GAO Work Related
to R&D and the Economy

As part of a planned GAO study on the impact of various

Federal policies on industrial capital formation (the accumu-

lation of plant and equipmeﬁt), we plan to consider the inter-

relations among Federal R&D activity;.private R&D.activity,
and industrial capiﬁél formation. R&D aétivities and capitél
“formation are major sources of economic growth. Furthefmoré,
industrial capitalrformation oftentimes incorporates the
results of successful R&D activities. | |

This study will consider the direct impacts of_Federal
tax, patent, and regulatory'poiicies on private R&D'expéndi*
tures. In addition, the impact of va:ious‘Federal policies
on the business environment and the effect of_this environ—-
ment on industrial R&D expenditures woﬁld be investigated.
In particular, we would analjze the effects of Federal.regu*

latory and economic stabilization policies on how businessmen
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mErceive bns rinkineas of their wawranmen* and how chjnomf
in th=ge perceptions affect the level and ailocétion of thelirs
R&D expenditures.” | |

We also plan to congider the impactﬂof the level and com-
position of Federal R&D-expenditures on industrial R&ﬁ'expendim
tures and industrial capital formation. Effort would be devoi=d
to devéloping methods which could provide an assessment of tha
effectlvm allocatlon of Federal R&D expendltures.

.In general, this study would 1dent1fy the effects of
Federal R&D activities on the economy and how Federal pollc1ea"

:affect the R&D efforts in the prlvate sector of the eCOonony.

- - — - -

Mr. Chairman, this concludes my statement. I shall be

-pleased to answer any guestions.




