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771fer; Chalrman and Members of the Subcommlttee.

I apprec1ate the opportun;ty to address thls Subcommlttee

H;fon a most lmportant and tlmely subject of both nat10na1 and 1n-:

'dfefernatlonal concern. I have testlfled many tlmes before the

'ﬁofﬂouse commlttee on SCLence and Technology, as well as other

'f7fcomm1ttees and subcommlttees concerned w1th sc1ence and tech-'

'5”hnology 1ssues. However, this is my first opportunlty to address

"Fif?thls Subcommlttee since you have assumed the broad spec1a1 over—"

'1TLSLght functlon for sc1ent1flc plannlng and ana1y515..'




'{ Mr.- Chalrman; you have asked me.to address the sub]ect
:71of the present hearlngs—-“Research and Development and the
”Economy -~based on- completed and on901ng work by the General
=‘f:""_:-""__;:l}!!u:countJ.nc_; Offlce, as well as on the ba51s of my personal
lﬂldv1ews developed through many years of lnvolvement in the R&D
"derbudget process and other lssues 1nvolv1ng sc1ence and tech-
.#&ﬁrj:nology. R | | ._ B o _
. Thls subject is extremely broad and complex.. I have,

:'l’ptherefore, prepared a rather lengthy statement for the record

”{;j,but w1ll present only hlghllghts in my verbal testlmony.' In-
"'Qf:lcluded for completeness or empha51s are excerpts of testlmony
tI have presented prev10usly. ' |

x -',f{.'INTRoDUCTION

lﬁMajor Issuesid;; _
My statement 1s addressed prlmarlly to four major rssues.
:3ldfThese are' | | : ; |
. 't--To what extent do research and development of the
t*Federal G0vernment and'the prlvate~sector affect
the U S. economy and 1ts 9051t10n in the world
:fﬁgj economy° | | | ' .
'-"f--What should be the respectlve roles of government,_
..-sespec;ally the-Federal Governmentﬁ andathe prlvate- .
“:dfsectorgand'hom.can we establishoa hettertclimatei”..

. for utilizing our nationwide scientific and




technologlcal resources to meet natlonal needs and
..to insure our 1nternatlona1 leadershlp and compet1¥
| t1veness°" ! .
-geHow‘can weiimproye”the deciSion_p:ocess in the
' Federal Government for establishing policies and
.Ptioritiesﬁfor'resource.ailocation:and'for dealing'
"tghw1th 1ssues that transcend the purv1ew of . indi-
v1dua1 agenc1es and components of the prlvate sector?"
oh--How can the Federal Government foster 1ncreased :
';_ appllcatlon of sc1ence and technology to the solu-

tlon of State and 1ocal government problems° '

y1dEmerglng Global Perspectlve

Before dlscuss1ng these lssues, I shall brlefly descrlbe'

Iff3the sxtuatlon or context in" Whlch I belleve they must be ex—

7”3}am1ned

Peter Drucker,'ln an address nearly 15 years ago to the

"f5annual meetlng of the Corporate Assoc1ates of the Amerlcan

:TInstltute of Phys1cs on "New Knowledge 1n Phy51cs and the

“:Fquconomy,ﬁ stated the proposrtlon that.

."."Sc1ent1f1c research is no longer tangentlal

- to the economy, it is at 1ts dynamlc core.. Con-
‘Jnversely, soc1al developments are no. 1onger tan—-
1f’gent1a1 to sc1ent1f1c research, they are a major

'V.determlnant.




: Carl H. Madden, Chlef economlst of the a. S. Chamber of

ff'on the subject “Changlng Roles of Government and Industry,”

’_presented an overv1eWaof what'he calls an 1ntellectual revo-

g;.lution that lS changlng human values and hav1ng a profound
'“fah.lmpact on both lndustry and - Government. |
These changlng values 1nvolve moving from purely eco-

“Tff*nomlc con51deratlons thh respect to technology to greater

';lln response t0 the human value changes, the corporatlon is be-h_'
'fﬁlzcomlng a soc1a1 as well as an economlc organlzatlon. |
He ‘Further stated that the Government must recognlze the
'”ldnpevolutlonary character of economlc act1V1ty and, therefore,
Mﬁchcthe need for creatlve regulatlon° glv1ng selectlve lncentlves.

ﬂto bu51ness corporatlons to produce what people need and not

:;ﬂlnterventlonlst regulatlon 1n an- effort to control somethlng

'”f]'called power.

All of us would ‘agree that never: before has it been so
\ erssentlal to 1ntegrate-sc1ence and technology w1th-soclo—
h:;-economlc cons1deratlons at all 1evels of pollcymaklng and
flthroughout the broad spectrum of organlzatlonal elements -

:°i71nvolved The . lmportance of futurlty 1n present day-decx—

;,SLOns 1nterrelat1ng sc1ent1flc, technolog1cal, economrc,

”fsoclologrcal, polltlcal, and lnstltutlonal factors cannot

"Commerce, in a recent address to the General Accountlng Offlce ;w |

s empha81s on env1ronmental and soc1a1 rmpacts. He stated that,- e




' be overestlmated.- The dominance of the Federal Government

:fand 1ts 1mpact on the elements of the- 1nfrastructure is -

S greater than ever before.- Flnally, both the natlonal and

d”'lnternatlonal SLtuatlons are changlng $0 . rapldly that p051—
7't1ve actlon is urgent |

We are exper1enc1ng great changes in the role of research

- and development and the 1mpact of technology 1nnovatlon 1n re-

;Zrlatlon to our natlonal goals.' As all of us know, our-lnter—y
';natlonal leadershlp in science and technology is belng chale
-:lenged at a t1me of 1ncrea51ng world economlc 1nterdependence,y
;?espec1a11y in energy, food, and crltlcal mlnerals.: By adoptlng ;
aysPeCLal 1nst1tutlonal arrangements between government and in-

idustry and by employlng spec1al lncentlves, forelgn natlons are :
.:overtaklng our lead 1n technology lnnovatlon and world trade. |

| _ant home,.there ;s need for 1ncrea51ng product1v1ty Ln-both.

'”:Epublic:and'private sectors.' Our national goals and prlorltles
'dare shlftlng toward easrng the energy crunch, env1ronmenta1 pro—

tectlon, conservatlon of natural resources, and solv1ng urgent

- 1related socroeconomlc problems.' All of these: changes are hav1ng

a’ profound effect on’ the roles of lndustry and Government, espe—

"“'llvc1ally the Federal Government, as partners in our natlonw1de

sc1ence and technology endeavors.y'
Industrlal 1nvestment in R&D and lnnovatlve technology 1s

'restralned because of uncertalntles ‘in the domestlc economy, '




'the 1mpact of Lnflatlon on capltal requlrements, and the un-_"
o certalntles of Government economlc pollc1es. Governments at

;*all levels have establlshed regulatlons for env1ronmental pro—

"y“tectlon, equal employment opportunltles, safety of employees,

tproduct safety, and consumer protectlon.- Some of these regu-
'Tlatlons have" stlmulated 1nnovat1ve technology, others have

-_anreased the costs of dozng bu51ness and dlverted capltal

‘"V;Qf-that otherwrse mlght have been lnvested in R&D.:'

: 17ECON0MIC IMPACT OF e
'3RESEARCH AND DEVELOPMENT

Economlsts and other scholars generally agree that there

',ﬁﬂ-ls a. hlgh p051t1ve correlatlon between sc1ence and technology

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

.n'cernlng prec1se measurements, the- approprlate methodology for
f‘establlshlng these correlatlons, and the 1nterpretat10n of

H'fvarlous statlstlcal results._'. L

A central problem 1s the 1nab111ty to measure the spew'

.flelC productlvrty of research and development. The recently

"f:publlshed "Sczence Indlcators 1974" report by the National

t'Scrence Board deals prlmarlly w1th lndlcators that measure

':hresources——hnman and f1nanc1al—-for research and development.

'Compared w1th assessments presented in the ”Scrence Indlcators
'1972" report, substantlal progress has been made in developlng

'measures of the outcomes or 1mpacts of research and development




'_fFotfthe.mOSt ﬁart, however, the statistics cited.end the
'dﬁtpﬁt lﬁdloators used had to.be-suffieientlf dualified'in'd”
fgvalldlty, methodology, and completeness to support firm
htconclusxons or recommendatlons. | _ |
In the sectlon on "Returns fkoﬁ R&D athIhhovetioﬁ;ﬁ the -
.z”report states' | | | |

'I“The contrlbutlon of R&D and lnnovatlon to the

',economy and society is prtsently understood in broad
_.and general terms only. Existing knowledge of the
fzsubject_ls fragmented and'tenoous,-to an-exteﬁt'

' :whlehiprohibits7the development of indicators of
'Elthe kind presented elsewhere in this report;“s
l'dNevertheless, several tentatlve conclus;ons were stated.
-qualltatlvely. Four of these are: _

'f—-The contrlbutlon of R&D to economlc growth and

. product1v1ty is "posxtlve, sxgnlflcant, and hlgh."
._'——Investment-ln-R&D and 1nnovatlon yields a rate of
‘i;.retern_es high——ahd'often higher——than thelfeturn
.ffom'othef_investments. |
fefIndust:y mayiunderinvest in R&D and'ihnotatioh*
,with respeet_to the p:obeble returns to the firm

‘and the benefits to society.




"-—Standard lndlces of economic performance reflect
only part of the contrlbutlon which R&D and 1nno~

g vatlon make to the economy and soc1ety.

-_In view of ‘such conclu51ons about the economic impact of

_R&D, it is important to note some conclusions-reported in Sci-

_ence'Indicators-and elsewhere about trends in the allocation
_h'of resources to RsD. For example:
':5;—-The proportlon of the gross natlonal product (GNP)

' spent for R&D has decllned steadlly over the last
decade 1n the Unlted States, while grow1ng sub— -
stantlally 1n Russ1a, West Germany, and Japan.

'e*——Whlle the Unlted States spends a hlgher fractlon of
"lts-GNP on R&D than other-non*Communlst countrles,

B these expendltures have been devoted more heav1ly
to defense and space than those in other countrles.

- The Unlted-States has invested a much'smaller frac-.:

rf:tion'of=its Rab'budget”for-civilian industrial:
purposes than has 1ts ‘economic competltors.

- ;—Industrlally funded R&D measured in deflated (con~
: stant) dollars rose by a total of only 7 percent
from 1969 to 1973, and decllned durlng both 1974
and 1975 by a total of 2.3 percent.‘ A small in-~

1ncrease 1s forecast for 1976.




.j,_-—The Flscal Year 1977 Federal Budget for R&D Ex—iﬂ
:tf_pendltures reverses the prev1ous decllnes for ba31c
.research and for defense and space, but in constant
dollars the lncrease in expendrtures for c1v111an
. R§D is smaller.
.Desplte the lack of prec1se quantltatlve output measures,

f7we clearly need to focus greater attentlon on the questlon of -

'”f:whether the Unlted States may be in danger of losxng 1ts world”

“5-n-leadersh1p in sc1ence and technology and its competltlve eco- -

©nomic p051t10n in 1nternatlonal markets. -

_"FEDERAL AND PRIVATE SECTOR
__ROLES IN R&D '

I shall now dlscuss the second lssue—-the respectlve roles '
:pof.Government and the-prlvate sector in research and develop—
'n-ment;y The R&D process spans a wide spectrum of act1v1t1es, but

';may be conceptuallzed generally 1nto two broad catEQOIIQS“-baSlC

'research and long-term exploratory development--whlch under-

' glrd the technology base, and mission or product-orlented R&D
":ln proceedlng along ‘the steps of the process from exploratory
_researcn.to'product_deVelopment,_risks tend to'decline.but'
costs lncrease.: FOr.eXanple, the cost involved'in basic té~

tsearch and exploratory development to demonstrate technologlcal




:'feasibility of an”inhovation-ie'generally much less than the

",cost to complete prototype development, toollng for manu-

"facturlng, and market development. These characterlstlcs of'
'the R&D process are suggestlve of the'respective roles of the
'e;Federal-Government'and-industry. |

‘Support of Basic

: ' Research and Education

: FOr'specific miesions, such as.defense'and space, the
.i'Feaetal:Government?sepports all phases from basic-research to:
hpfodcct oeveIOPment._ For technologyfprimarily telated to com=
- mercialhpfoducts, the role of the Federal,Goﬁerhment,_with few
eXCeptions (notably agriculture and nuclear energy),'éenerally_

has'beenalimited ‘to support of basic science ahdlexploratory

”'”[_development of emerging technologles.

Varlous efforts have been made to evaluate the 1mpact of
a_,bas1c research, for example, through retrospectlve studles,

: such as the Department of Defense "Project Hindsight" and ‘the
‘eNat;onal.SCLenoe Foundatlon “TRACES Program." Although quali-
:tative:cortelations have been established to show contributions
| Of‘écience ftom.many years ago.to”technology that is:widely_
'accepted:today, it is difficuit, if not impoésible, to estab~-

lish quantitative economic measures to evaluate basic research.

- 10 -




'No one can tell whether, when, and how payoffs may come. Per-—
&haps more 1mportant, the sponsor of the research may not be
I:Vable to capture the full beneflts of the 1nvestment.' The same
'}characterlstlcs apply to fundlng graduate educatlon.

- For these reasons, the private sector generally does.not
':support ba51c research and’ graduate educatlon unless it can
7l1dent1fy a dlrect, prompt, and adequate return on its invest~

IVment.' A few exceptlons are large corporatlons and phllan-_

'-'-throplc foundatlons.' As part of the Federal Government s

~fresponslbrllty,_therefore,.1t must contlnue to ‘provide major'
-'support for'basic research and‘gradUate education in both phy-

-}31ca1 and social sc1ences and the englneerlng dlsc1p11nes. A

'%':;level of support must be prov1ded to assure adequate prospectlng '

for sc1ent1f1c dlscovery to prov1de a reserv01r of knowledge from
T3wh1ch the.technology-base is derlved. Thrs‘type of-research can-

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

We have not been able to develop any "best“ formula for
ldfthe level of Federal support of ba51c'research--a percentage
of the total Federal budget, a_percentage of the total R&D
budget, a percentage-of the gross national product, or the

: consensus,of experts_in various disciplines. However, I be- =

" lieve that a rationale can and should be developed and criteria

- 11 -




' _established to assure continuitp and stabiiit& of federally
:sponsored efforts. "In other words, I believe we should have

a 1ong-term lnvestment plan.' |

'p A major portlon of basxc research is performed in academic
'tlnstltutlons, w1th close correIatlon between research and gradu-
vate educatlon. Recently there has been a tlghtenlng of insti-
‘.tutlonal funds and fellowshlps for academla.' Furthermore, cost

';nflatlon results in higher overhead costs and 1ess research

';for each dollar invested. Graduate students are mov1ng Lnto

the flelds w1th most f1nanc1al support of research and gradu-

:ate-student ass1stantsh1ps. .Thus, graduate tralnlng programs

S are becomlng-captlve to current research Support and'are not nec-

'essarlly consonant Wlth the beet educatlonal plan for developlng
:f;profeSSLOnal talents to meet the future job market

o Many factors, lncludlng the high capltal cost of fac111-
tles 1n ‘Some research areas and the need for long—term sta-
Hblllty and malntalnlng a “crltlcal mass“ level of effort with
i'_opportunltles for full- tlme career researchers, have caused
some to raise the questlon of whether support for research
_:and graduate education should be decoupled. Perhaps at 1east”
a determlnatlon should be made of how to assure that graduate
dand postgraduate tralnlng is suited to the future Job market
Jand that contlnulty and stablllty of essental research pro-'

.grams in both thS1cal and social sciences are maintained.

. _'-llz -




~ In funding basic teseefch_and gradﬁate education, the'
;qocefnment'not on1f suppofts=industryfs R&ﬁ efforts_by.
acgmenﬁing the science and technology'baee ﬁnderlying the
-innovaticnip:ocess; it also sepplies a stable base of sci-
:entiets and engineers. Basic research should continue to be
conducted at Government laboratorles, unlverSLtles, and pri-
ﬂvate lnstltutlons, dependlng on the capabllltles of each.

Some reorlentatlon or rethlnklng of Federal p011c1es and-
priorities toward_fundlng the science and technology_base may
:-ebe”eppfopriate. 'This reorientation could be based in.part on
" increased dietinctionS'between R&D policy'supporting.defense
and space on one hand and consumer-or iented technology on the
‘2other._ Several noneconomic criteria are 1mportant in dec1-
sions concernlng defense and space R&D. ‘While there are
“Spln offs™ from defense and space R&D to commerc1al markets,:

they are not cruc1al elements in the dec1510n to fund defense

1; 3and space R&D progects.

Federal flnanc1ng of applled research and development in
yeupport‘of commerc;al technology should be_conSLdered in the

'ocontext of potential economic and social 5enefits to the Nation :
7end in-feiation to the private sector's abili£y and mociﬁation
Jto inyest ice own reeources, as well as ‘in reletion to other

HGovefnment initiatives that can influence the climate for

private~sector innovation.




GOVERNMENT—INDUSTRY COOPERATION

Many people have attempted to dlagnose the barrlers to
.e_innovatlon_and-to offer_solutlons for improving the cllmate
gfor:Government-industry-cOOPeration.' The ?roblems-that'have
gbeehaidehtified generally.fall'into two broad oategories. The
Ifiret'is tora large:extent.subjective and attitudinal. The
.seoond'comprises a number of tangible faotors. | |

~Viable technology-lnten51ve 1ndustr1es--1arge and small---

'are 1ndlspensable to our economy and the achlevement of spe—'

""g.c1f1c natxonal goals. We must, therefore, ‘come to grlps with

;lssues that tend to create adversary attltudes and f1nd better

| ".ways to work together.

"_Attltudlnal Problems

' Perhaps the ma]or sub]ectlve problem 1nh1b1t1ng Government— o
'lndustry cooperatlon is the lack of mutual trust. Many Govern~
ment off1c1als are susplc10us of 1ndustr1al motives and the |
'Opotehtlal.eoonomlc and polxtlcal power of-large corporatlons,

-eepeciaily those with'multinational affiliations._ On the other.

”'hand!_industry is concerned that Government officials do not

= dunderstand and appreciate the profit'motive;. IndoStry'also

believes'there-is\a lack of understanding by Government offi-
E c1als of the technology 1nnovatlon process.
---Also, the meanlng of public accountablllty is commonly

._mlsunderstood. SomegGovernment officials believe that publlc
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accountability means"thatlevery Federal dollar spent should be
‘tagged with a program directive, management control, and Govern=

ment ‘ownership of whatever results.

There are situations in which a broader View of public ac-
:countability is appropriate which would not orOVide for specific
'fldirection and management'by the Government nor Federal'ownership-
to the resnlting'oroduct. In such cases, the proper'dnestion
" to ask is'whether_Federal'funds are being spent wisely in the

public interest, such as to stimulate useful innovation. Two
'.examples that come to mind are Federal policies with respect
'to'patent licensing and support of basic reeearch and graduate'
tl-edncatiOH. |
‘Some Government officials hold the view that patents de~ | ﬂﬂv
:rlved from federally funded R&D must be owned and controlled .

'-tentlrely by the Government. However, in most cases, the publlc

finterest'may'best be served when private industrial contractors,

p——— ——

'lw1th a few provxsos, are granted“exclus1ve llcenses for commer-

cial development.

__..-——-

-~ AS I have 1nd1cated prev10usly, basxc research cannot be
d-ldlrected or controlled to the same degree as applled research
:land development. Also, the wide dissemination and use of sci-
n”entlfzc information best serves the public interest.

. When developlng and marketlng commercial products, lndustry

SRR naturally prefers to exercise ltS own dlscretlon lndependent of




any Government asslstance or lnfluence unless it needs help

to- deal w1th serlous threats from forelgn competltlon or another
_domestlc enterprlse which it belleves is exerc131ng unfalr com—
petltlon.' Industry is particularly concerned about the con-
h.stralnts of Government regulations which tend to divert capltal
" from innovative R&D to R&D and other 1nvestments necessary to

~comply with regulatory requirements. Furthermore, some multi-

E .national.corporations may not be inclined to share strategic

1nformatlon with the Government, and to plan and conduct thelr
'bu51ness in such manner as to assure harmony w1th the lnter—
_natlonal ob3ect1Ves of the United States. |

i As a final attitudinal'concern,.there'are many in both

: Government-and industry.who are unwilling to'aSSume'responsi-

“bility‘fordwhat othersuwould'judge to be reasonable and neces-

e sary ILSkS for lnvestment 'in erploratory research and develop—

'_ment when the payoff is uncertain in tlme or economic return.

'Ianglhle Prohlems __ﬂ

"~ Many factors have been identified as real or tangible con-
: straints_that'tend to cause a decline in technoiogy innovation.
V'Among these are the hncertainty of the economy;'the high cost

"}of_capital;'and slowdown during.the last'few'years in‘Federal'
_'spending for research and development; The‘myriad of regula-

tions estahlished bytboth Federal and State_GoVernments affect

the cost_ot doing business and ﬁay involre conflicting reduire-

 ments imposed by different agencies. For example, in Federal
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prochrement:of oonventional.commetcial products, the public
would'be_served better in many ceSes by best-buy competition
.baSed.On'ehperior or'innovative performance and life;cycle'
;'costs,.tather thanhby'the prevalent procurement practice.which-
. tende to favor the lowest bidder who offers products that meet
ecceptable'quality specifications.

In the larger sense, cr1t1c15m is levied’ that we have
not establlshed a con31stent natlonal pollcy and strategy for
h.Government—lndustry relatlons to balance 1ncent1ves and con-
hstralnts and assure a favorable cllmate for technology lnno—
'vatlon by prlvate enterprise. This contrasts_sharply to-other

"nations,_notably Japan and West Germany, that have both poli-

“ocies and'speCial institutional-arrahgemehts to foster ihdustrial

“:technology Lnnovatlon and 1mproved manufacturlng product1VLty.
Part of thls issue is the questlon of whether our anti-
trust laws, whlch were established prlmarlly on a. domestlc.
basis, need to be reexamlned in an economy which is becomlng'
fiindreaSingiy world interdependent in market relationships'and
-competition. This question is highliéhted by the increasing
_‘number and size of multlnatlonal corporatlons and the fact
If_that foreign corporatlons are grow1ng faster than U.S.
”hcorporatlons. |
Most of the other lndustrlallzed natlons have developed

¢loser relatlonshLPS'between government and the private sector

- 17 - .




on'capital fOrmaﬁion?aﬁd R&D direoted to the private economf.g

Thls 1s an ‘area in whlch we perhaps should explore new per-

spectlves for Government-prlvate sector lnteractlon w1th1n

the framework of Amerlcan 1nst1tut10ns. o | |
Several factors need to be recognlzed and dealt with to

:improve the effectlveness of these relationships. Many of these

e:arerselfeevidentr hoWever}'ir'is worth-recaoitolating'some coh~

~trast1ng characterlstlcs that dlstlngu1sh the roles of DOD and

jf'NASA from those of some nondefense, nonregulatory agenc1es——

'=gpart1cularly as they relate to partnershlps w1th private industry.
:eDOD and NASA are characterlzed by: ._ | l
el-—well deflned MlSSlonS and recognized prlorltles,
‘i_—~f1rm nat10na1 commitments; | |
_-—federallyrconirolled destiny,'i.ea,-indepeodeot-
| serategy-not oootingent upon other'jdrisdicﬁions;
and:. o _ .. :
'_e-selective supbort:of R&D and‘pUrchase.of resulting
‘products and services, i. e.,_closed-loop mlSSlonS
and markets.?
Civiliah agencies, suchfas ﬁhe Urban Mass Transportation_Agency,
rﬁhe'Offioe of Water Research and Technology, the Bereau of Mines,

and the Law Enforcement A551stance Agency, are to a large extent

l_'characterlzed by.

- ==broader publlc service goals and 1ess deflnltlve

prlorltles, .

s -




.f*missions oomprising nationwide collections of
' 10Ca1_probiems=having-some coﬁmonelity of national
- rsignificance,% | |
:-4leadershipiroles limited by juriSdictiohal pre-
| rogatlves of State and local governments--
' responSLblllty for coordlnatlon but no control.
'authorlty, and |
__.-esponsorshlp of technology inoovatioﬁ but without'
| purchase of resulting.products'and services.
The‘characteristics.of'the Energy'Reseeroh ae& Develop~-
-ment Administration ere miked but, with the exoeption of the
'“ﬁuclear energy and weapons programs, are‘more.like the other
j:'-nlc‘)nc'iej'fe_xrse'::igen"lc:iefs._l_' :

Now let us look:at the situatioh‘as vieﬁed'by.privete
llndustry seeklng to develop viable markets for its technology-
intensive products and services. There are four falrly dlstlncte
'types of markets potentlally available.

_e-—Closed 1oop Government defense—type markets ln.
. which lndustry assumes low risks, obtalns dlrect
support for R&D, ‘and has a ready-made customer
_for resultlng products.
'-—Strlctly commerc1al competltlve enterprlse.ln-

volving magnltude of investment and tlmescale
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AWithiﬂ‘such.limits that industry assumes the
rlsks, develops its strategy, and competes for

known markets.

_a—-Important commefcial ventﬁres to meet ﬁrgent
o natlonal needs that lnvolve magnltude of 1n—.
.-vestment, tlmescale, and rlsks too great for
the prlvate sector to handle w1thout Govern—

ment assxstance.

H”f--The publlc technology market, i.e., State and

e local governments, and other publlc-serv1ce
'f ;nstltutlons which comprlse a latent, non- |
' standafdized;_and fragmented market in need :
':of'Federal leadership to ailetiete'barriers
| to metket aggregation._ |
| ‘.In‘the last two situations, the Govetnment‘s role and its
'_reletionéhip_to induetry is'a.differentdbaii game. We still
'-ate indthe learning orooess of when, how, and to what extent
' the'Federal-GoVefnment should provide leedetship, interventioﬁ,
~ or aesistance'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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dhsc1ent1f1c and technologlcal resources’ requlred to develop
major commer01a1 products needed to meet natlonal goals. For
dexample, although ERDA, in comblnatlon with lndustrlal firms,
?15 1nvest1ng heav1ly in nuclear power development, some ex-
‘perts questlon what_the spec1f1c role of the Government should
he'ih'this enterprise. - | |
The ba51c argument is whether the Government should flnance

:and manage such programs dlrectly or provide the rlght climate
[.and 1ncent1ves for lnnovatlon by the prlvate Sector, as well as
.llnsurance agalnst the risks, w1th over51ght suff1c1ent to as-
.‘sure adequate publlc protectlon from potentlal hazards and
monopollstlc advantage or excessive prices.’

tThe energy problem'involves extensive industrial partici-
:_patlon and 1ts products ultimately will be commercrally de-
"711vered to publlc utllltles and other users._ The technological
”_and market uncertalntles, comblned w1th the long tlmeframes and
the magnltude of capltal 1nvestment, requlre ‘that the- Federal
-.Government be ;nvolved. The question is: _To what extent and
.'how?. | _ | |
' GAd'has”reported to the_Congress“on the ERDA Liquid Metal
- Fast Breeder Reaotorr—a high*priority_energy'researoh and'de—
evelopment programr The program objective'is to develop a_broad

-'teohnologicalhand_engineering base with extensive utility and
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industrial'insolvement which will lead to'a'strong.coupetitire
flcomnerciai'breeder industry.__Wexaddressed issues relevant to
-'ttkequuestions facing”the breeder program decisionnakers, such
as need and program. timing, benefits, costs, risks, and options.
_ We concluded that the program should be continued with
substantial support from the Federal Government w1th a clear
B recognition that lt 1s still a research and development pro-
.gram. We believe there has been premature concern and empha51s
on commerc1alizing the reactor at a time when the Nation is
"years from demonstratlng 1ts reliability, economy, and safety.__
” When_and if.the research and development.efforts succeed and
.technological-and economic feasibility_are demonstrated,ithere
_:'willfbe;issues yet to be_resolved regarding the transition'
fromamajor.Federal ihvolvement.to commercial implementation
by the'priVate sector. o | -

In February 1975, we issued a report to the Congress en-
.‘titled “Federal Coal Research-~Status and Problems to be Re-
d.solved " We found that for coal to play an 1mportant role in
imeetlng energy demands, three developments are essentlal.
H.f--Research must demonstrate ‘the commerczal fea51—

| bility of converting coal to synthetic gas or

liquid fuel.
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--__;Thefcoal induétry_muet be_millingato fihance and
_ :be capahle'of:supplying inoreaSiﬁg guantities of
coai i
---Env;ronmental problems aSSOClated w1th coal supply
and use must be resolved ratlonally. |
We suggested matters for oon51derat10n by the Congress,_
iilncludlng Federal lncentlves that may be needed to overcome'
:the problems which could delay the tran51tlon from the research

phase to the commerCLal productlon phase for coal conversion

R processes. Incentlves may be needed in the areas of develop—

”ment of costly spec1allzed equlpment, obtalnlng plant31te

”'_locatlons, and capltallzatlon 0of new conver51on lndustrles.

:”; erderal action and funding may be needed for 1mprov1ng'm1ne

'.teohnology, increasing'manpower, new trahsportation systems,'
'g~resolVing-enVironmentai.oonsiderations{:and.incentives to.
attract prlvate lnvestment. | |

Another GAO study recently completed was a review of NASA's
land-satelllte experlmental program. The satelllte is belng de-
ﬁeloped'to determiheithe feasibility of using remote—Sensing
'technology to aSSlSt in achieving more 1ntelllgent management
rof our envxronmental and natural resources to help relieve the
: global energy, mlneral, and food shortages.
h_One of the issues yet to be resolved is the establlshment

of a longﬂrange'plan,mlncludlng the questlon_of the Federal
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Government's.role in;supporting'setellite-based.remote-sensing-
:technOlogy} The technolooical:and'market unoertainties, combined
' with long timeframes and the magnitude of capital investment,
k'oisconrege'private-seetor support.. The Question again'is: To
- what extent and how should the_Federal Government snpport the
t_emerging technology?f | |
” fThese_examplee iliostrate the point that we have not yet
'established a consistent poliey concerning the reSPective-roles
'.of Government and 1ndustry in the development of major long-
term commerC1a1 ventures to meet natlonal needs. It ;s un-.

”_.11kely that a formule for general appllcatlon can=be'devised,‘-

'-_but I-believe that forther'study of policy-alternatives should
"fbe contlnued 1n an effort to establlsh a general pollcy and
'testabllsh cr1ter1a for guldance in determlnlng the Government S

' role in each situation of this type.'

-vManufacturlng Product1v1ty

" Improving productzvxty in both publio and'privete sectore
_:nas Been'reoognized generally as.one of the most effective means
.to stlmulate economlc growth

Slnce 1970 the General Accountlng Office, in cooperatlon
'1ew1th_exeout1ve branoh agencles, has been fosterlng_efforts to
.meesure and'enhance;the productivitylof Federal'activities.
fUnder'the'Joint'Finenoial Management Improvement Program, a

.report is eubmittedgannually to the President and the Congress
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on:idehtifiable cauSes.of'productivity gains.and losses and
:.recommended actions to fosterpimproved productivity..

. The ﬁ.Sr Goverhsént,'with'over $50 billion annually in
porchases of goods from the American:economy, has a direct ine
terest in reducing these prbcurement costs through improving
'manufacturlng technology ana thus anrea31ng productivity.
Domestic supplles of raw materlals are dlmlnlshlng, and there

g w1ll be a need to increase’ our raw materlal 1mports with the

o probablllty of contlnually paying hlgher unit prlces; It w1ll

be necessary to expand our exports to pay for the 1ncreased
lmports of raw materlals. “ '

In recent years, there has been a SLgnlflcant.rate of in-
:crease in the 1mports of hlgh technology products whlch have
con51stently been among our major exports. .Furthermore, thep:

- .U s. rate of lmprovement in manufacturlng product1v1ty is

"_'among the lowest in the world.

GAQ has recently completed a comparlson of programs in
the Unlted.StateS'and other countries concerned with advancing
;_theIState—of—the—art?of manufacturing techhology, particulariy
in the ﬁahufacturingfof-parts'and compOnents_produced in medium
ahdfsmail lots-—withrspecial attention to the potential for fur-
'_thertapplication of computers to the'design and manufacturing
-.process. | |
We concluded that the Unlted States generally uses more

:’fadvanced-manufacturlng technology than other countries in the

- 25 -




"vorid The U S. total output and output per employed person

is hlgher than any other natlon s. However,'our advanced techf
nology is concentrated in a fev high—-technology and/or capital-
'intensive firms,}such as in.aerospace,.electrdnics,_and other..
lndustrles producrng defense—related products. It is not vell
dlffused throughout the civil U. S lndustrlal base. Our study A
‘also suggests that, wlthout some added lmpetus, the advanced

B technology w1ll not expand or diffuse w1de1y to small— or

hf.medlum—81zed flrms through 1983.“

In terms of “"best practice,” however, our study.lndicates_
—.:that the United States no 1onger has a technologlcal advantage.
_In general, the level of technlcal capability in all 1ndustrial
'*natlons seems about equal although lndustrlal firms in some
:countrles seem to have higher levels of sophlstlcatlon in cer-
tain aspects of advanced manufacturlng technology than flrms

51n other countries.

: Our international competitors are capturing increasing

'g'shares_of foreign markets and are increasingly’penetrating

- U.S8. markets. It 1s SLgnlflcant that they are competlng in
hfthose markets with U s. hlgh-technology manufacturers. The

lprlncrpal-v S. exports for the future appear to be essentlally '

*githe same as at present, i.e., prlmarlly agrrcultural products,

alrcraft and components, electronlcs (pr1nc1pally computers),

' -.and nonelectrlcal machlnery.
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".Unlikc'the United States, our'principéllforeign coﬁpeti-
B toré have well-developed government-directed programs and
'lospec1al 1nst1tut10na1 structures for overcomlng barrlers tol
dlfqulOﬂ of exlstlng manufacturing technology, and for ad~
.vancrng the state~of«the-art through coordinated research and

.development'programs.- At least inferehtially as a result of

!'Lt:such programs, these countries have‘shown better results than

- the Unlted States in such areas as rate of increases 1n pro-

i_duct1v1ty,-1nternat10na1 trade, modernization of fac111t1es,
gand capltal investment. 1n modern technology.

In addltlon to 1mprovements 1n tradltlonal manufacturlng.'
'methods, computers and. numerlcally controlled machlnes are |
changlng both the management_and the englneerlng-technology l
'of'manufccturing; Thére are indications that manufacturing
methods are about to changeQ—not incrementally but'rédicolly.t
Theﬁchahgesucre already taking place in the forcign countries

~where the productivity—improving institutions and mechanism

. were created to recover from the adverse effects of war.

Such ihstitutlons exploit, develop, and diffuse the new
- computer-integrated manufacturing systems and are well designed
-'to'contince_deVelopment of their'natiOnS' manufacturing pro-

ductive capabilities faster than that of the United States.
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‘ Their_success is.evidenced by their inoreasing shere of the
 ‘international mafkets-—in some cases, at the expense of our
: own manufactu:ers..‘

But.our principal concern ie for the futufe,' We need to
'fostef interoationai competitioh which stiﬁulates-each_COuotry
- toward the common goal of improving worldwide liﬁing.stahdards.
To insure our ability to compete, however} we most teke positive
meesures.to strehgthen our own manufacturing.productivity;

Slgnlflcant short-term beneflts are p0551b1e through im~
proved dlffu51on of the avallable technology. For-long-term,"
sustalned product1v1ty 1ncreases, research and deVeidpment is
'necessary to £ind new methods and to refine exlstlng technology
- so that it can be economlcally used outside the few hlghly
capltallzed hlgh-technology firms.

In the most successful forelgn countrles, both programs
_and lnstltutlonal models involve 301nt public and private
'_efforts. The United States has no comparable national pro—

_ gram,'although several Federal agencies are interested in this
subject, and a new 1nst1tutlon ‘has been created which could
.prov1de the central focus and admlnlstratlon for lt This
°agency_1s_the National Center for Product1v1ty ‘and Quality'
of Workiog.Life established by Congress in November_of last

year.
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On.the baeis ofnthe GAO analysiS'of manhfécturing tech-
.' ‘nology, we have concluded that there is a need to establlsh
_manufacturlng product1v1ty as a nat10na1 priority and to create
da natlonal focal 901nt to assist U.S. industry 1n.reach1ng for
' themeSt:ednanoed manufacturing technology and diffusing this
fechnolody throughouf'the private sector; Obviously one center
-could not do everythlng that needs to be done; howevef, a single
'center can perform a leadershlp, coordlnatlng, and catalytlc |
| m.ffunctlon. |
| : ' We have recommended that the Natlonal Center for Produc-
_fivity and Quality of WorkingILife take the lead in developing
.'a national policy and epproériate means for echieving_balanced
'Jproductivitykgrowth'in the industrial manufacturing_bese. Fur-
‘ther; we propose that the Nationel Center, in carrying out this
' recommendetion,'seek;the coopefation and assiefance of the De-
-'partmenﬁ_of Commerceeand other agenoies. Tne'eXPeftise within
ﬁhe Department of Commerce, particularly in the National Bureau
of Standards and the National Technical Information Service,
~would allow that Depﬁrtment to play a'major role in providing
.technologlcal 1eadersh1p and support. o |
The combination of the expertlse of the Natlonal Center

'end the Department of Commerce and thelr close-coordlnatlon
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 with"dther‘pﬁblic'and private organizétions.wqul& ?rovide'thé
much needed focal point to cocrdinate all the'dispakate Govern?
"méﬁt énd private WOrk-in developing, standardizing,-ané diffus-
'ing manufaéturing technology, and assist'the emerging State and
-regiénal_productivity organizations to adﬁance-manufacturiﬁg_
£échnology._ | n |
Y\ nﬁmber of specific functions should be embféced by this
'cénﬁrai focus and 1eade:ship. Three of the major ones are to
| ”Fecollecﬁ and evaluéte manufacturihg tecﬁnology in--
  fo;mation from all availéble.sourceS'and establish
| méans for diéseminating state-of-the-art knowiedgé
- to potenﬁial users; .
- ==-foster the development and'écquisition'of_new-tech-
nology:in various-ways;-aﬁd |
_-anélyze public policy qptioﬁs and formﬁlate'fecoﬁ—.
- mendations that will imp;ove'Gdéernment—iﬁdﬁstry
éoOperation in.stimuléting productivity impro#ément.

mechnology Transfer and
International Trade

GAO_tecently isSued é repbrt entitléd_“The Go%ernmeht’s
'Role_in'East—West Trade—;ProblemS'and Issues." This report
included ceftaiﬁ fiﬁdings'énd recomméndations associated with
_ administe£ing and monitoring ekports to and technology.ex—

7changes with Communist countries. Although this work centered
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loﬁfﬁrade.with Commudist countries, many of tﬁese cooclusions
aod recommendations;apply to such exports to all'couﬁtries.

A major observatlon of our report is that the 1mple-
'mentatlon of export control pollcy and procedures has resulted

. in a contlnuous serles of ad hoc dec131ons and fragmented con~

' -31derat10n of strateglc export controls. We noted an absence

rof agreement on crlterla and standards for determlnlng whlch
goods and technologg should be controlled and whether forelgn
~policy, commercial;éor defense considerations should_dominate
1export control éolicy. We concldded‘that lack of agreement
reflects fundamental interagency and 1nternatlonal differences
'regardlng llcenSLng standards and procedures to be followed in
controlllng exports. | | ‘
Present export controls predomlnantly involve national
jsecurlty concerns: and are dlrected to monltorlng trade w1th
' :Commonlst countrles, Access to technologlcal know~how is.
'often'of'greater strategic importance than is possession
_:of the prodocts of the technology. 'Effective regulation of ..
.technologydexports is probably the mdst_complex ekport control
‘problem because of the difficulties of pinpointing areas of
technology which'should.be controlled and of establishing.
effective controls.E
There is limited mohitorihg and.assessment of technology-"

| exports for strategic or other national interests. Existing
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-ncont:oidregnlations for the transfer of'technology are.ineEF
'fective'for”varioue reasons. Most important.is'the need to
- lmprove executlve branch understandlng of the many ways tech-
;nology can be transferred and the effects of these transfers
on natlonal securlty and domestlc economy. |
Although the Government is directly 1nvolved with tech—-
'.nology_development through such efforts as R&D, 1t'has no
,_meohanism.nor'any.clearly definedtauthority for monitoring
‘.the-exp0rt of technology to assess its impact on such.economic
j.national intekests as employment, balance-of—t;ade, etc. Eten
:for_st:ategic reasons, no reportingdsfstem exists thnough which
‘the Government would be informed of the manf technology trans-
ffera,éritate indnstry makes. .For.example; the;execntive branoh'
E has'no anthority'to reguire the submission of private-seotor-
"Communlst government technology exchange agreements for review
..and approval | |
Our East-West trade report made a series of recommenda=~
tions-to the executive branch which were intended to 1mprove
the.adminietration of national and international export.cone
1 dtrols.-tSpecifically,-(l) the roie of the bepartment of Com4'
o mercedshould be expanded, (2)'approyal for exception cases
should be more catefully assessed against U.S. national
'.seoufity'intereets, and (3) the understanding of international

: technOIOQY_transfers should be inoreaaed to permit assessment

~of their effects on security and other national interests.
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.Our report.aiso.identified‘severel important matters for
'con515eratlon by the Congress. The adminiStration of export
' controls and technology exchanges has 1mportant lmpllcatlons
'_for many national interests. Efforts to examine the need for
_ amending the Ekport Administration Act should inclode con-
‘sideration of national policy goals for_relationships with
Communist countries. Such consideration requires coordinated
 attention by various congressional groups involved with spe-
=cific poelitical, economic, or strategic issues of this rela-
' tionsnip. The formation of export control policy_and its
'felationshipotoInational goals also_requires the joint effort
'ofzthellegiSIafive and executive branches of'ou} Government.
The respon31b111t1es of prlvate lnterests in the pollcy forma—_
. tion and lmplementatlon process should be conSLGered, as well |
as the Government s need for lnformatlon about prlvate sector
act1v1t;es. Some companies, on their own 1n;t1at1ve, have
: esfablisned policies-for exchanging technology in-kind kather
. than licensing a fofeign entefprise for direct financiel con-

siderations. Perhaps more of this practicelshOUld be encouraged,

but the Government should be kept apprised of such arrangements.

- DECISION PROCESS FOR R&D
POLICIES AND PRIORITIES

" :Now I shall discuss the third issue——improving the decision

. process for R&D policies and priorities. Some recent initiatives
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.by the Federal Government, both within the executive branch'and
by.the congress are.aimed toward establishing more.definitive
~and enlightened polioies_and priorities.for resource allocation
-and'for_dealing with issueslthat transcend the purview of in-
Vdividual-egencies and the private secfor.' Among tﬁese'are
--the pendlng leglslatlon, now passed by both the |
Senate and the House, to establlsh a Sc1ence_
and Technology Policy AdVLSory Offlce in the
_Whlte House,_
-=the Office of Technology Assessment comprehensive
_etudy.of National'R&D Policies and P:iorities{'
--the National Science Foundation R&D Assessment
" Program° | | kl |
- ~=the National Bureau of Standards Experlmental
Technology Incentlves Program°'and
-—the GAO effort to introduce an lmproved classx-
flcatlon structure for the Federal R&D budget.

With regard to this last task, it has been recognized for
some time that.the éSpécial-AhalySes, Budget of the Government-—-
-Federal'Resea:ch and Development Programs," submitted annuelly
: alongfwith the executive branch presehtation to theHCongress,
has.not'been adequete to serve the'needs of the Conéress. |
'~Thls ana1y51s presents the total Federal commitment to research
and development and to research and development fac111t1es.

. Amounts are shown in three categorles—-defense, space, and
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civilian (ether'than space) . _Beyond the'amounts for these’

three categeries, the special analyéis also includes the re-
search and development programs of the larger Federal agenc1es.'
.However, there is no 1nteragency comparablllty because the
_agency presentatlons are 1n terms pecullar to the agencies.

As an outgrowth of GAO's work in asse351ng ‘and developing

' :_1mprovements in the 1nformat10n requlrements of selected sub-

-commlttees of the Committees on Appropriations and at the en-
-:c0ufagement of staff members of the House'cemmittee on Science
_end_Technology, GAO has develeped a unified-dbjective eriented"
;- ciaesification structure for use in preeenting'Federel R&D
bedgef'and funding date. The structure was transmitted te
”theloffice of Management and.deget in September:l975 re-
questing that:it be used in a supplementary budget presenea—
::tion:aieng.with Submission.of the_President's budget fOr'fiscel
"year 1977Q “OMB implemented a part of the structure by collect—
ing and- presentlng R&D fundlng data from 14 departments and
agenc1esl. GAO is continuing to work: w1th OMB to achleve full
. imﬁleﬁentatlon of the structure.
| 'The concept underlying the GAO—deﬁeloped stfudture is to
:-Pr¢Vi¢é a unified framework for viewing Federel research and
_1deveiopment'among Federal agencies in terms of the level of

.effoft difected toward accomplishing similar national 6bjec-:

tives-or'fihding.solutions to similar national problems. The
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.exechtive branch does not p:esently provide_the CongreSs_e
'_picture of Eederal'R&D which is suffiéiently clear, comprehen-
‘sive, and'timely to enable meaningful cemparisons.‘ Such cem—
'parativehihformation is needed to allow the Congress the
.s-oppo:tunity to consider the total_Federél R&D budget-and the
relative mix of R&D programs with respeCt to hationel priori=-

' ties.._With the new timetables for budget authorization'end

. appropriation actions, as established by the Congressional
Budget Act of 1974, the schedule for providing such ihfsrmation
=_to the Congress each year is critical.

I shall suggest one example of the kind of analysxs that
-would be espec1ally useful to this Subcommlttee'xn its broad
";RéD eversight function. Even though this Sﬁbcommittee‘s over—.
,gightris 1imited‘to nondefense R&D, it should have the benefit
of.knowing the total Government R&D expenditures in ateas such
. as trahsportation, enetgy, enerqgy donservation,_materials,Ien-
' virohment} food and_nutrition, health and biomedicine, human
-reseurces, commhnications, electronies, and astronautics,”'OE
fthe'proiected fiscal year 1977 defense budqet of eppfoximately
zsll'hilliOn for research} development, test, and evaluation,
'psobebly—as much as $1.5 to $2.0 billien is for techholsgy base
R&D'in areas that are not oniy related to the defense mission
but also are synerglstlc with noudefense R&D programs. ‘Break-
outs of DOD expendltures by functlonal categorles in which

c1v1l agenc1es are also 1nvolved would enable comparisons and
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e#aiuations of oéerall Federal expenditures by fields of en-—
deavot and would supplement the Special Analyses of individual
 agencies' R&b_programs. |

| We believe that executive branch implementation of the
tGAO—deveioped.ﬁnifieé—objective oriented classification struc-
"_'ture for_Federal R&D &ill greatly assist the Congress in estab-
| lishing Federai R&D funding priorities, as well as the most
deSirable mix of Federal R&D programs; |

. FEDERAL ROLE IN PUBLIC
 TECHNOLOGY INNOVATION

't The fourth and last issue I shall discﬁss today is how can
'_the Federai 1eadership be-improted in aSSistithState and local
goﬁetnments to adopt innoﬁative teChhologj. Much attention hes_
beeh'giveh-to policies and p:iorities for the Fedefal allocation
df'resourcee for'reeearch ahd development end'towerd-examining
the 1ncent1ves and dlSlncentlves that affect prlvate lnvestment
'in R&D. A closely related issue which, in my v1ew, has not been
given adequate attention is the application and utilization of
technology in the public domain, partlcularly the respective
'pertnership-roles of the Federal} State, and local Go?einments
and the private sector in public teqhnology ihnovation to
_impr6Ve the.qﬁality and efficieﬁcy of public‘éervites.'

| Industrlal proauct1v1ty and the economy can be stlmulated
fby spec1al tax incentives, enllghtened patent pollcy, selec-
.tt;ve relaxatlon of adverse Government regulatlons, and in many'

‘other ways. Such assistance is important when market forces
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are inedequate or when externalities or high risk preelude
adequate private'investment}' But such stimuli alone generally.
ﬁill not motivate.industry to invest its.own resources to meet
‘theftechnological_needs of public inétitutions. " This is espe4
cially true when:the public market for technological pfoducts
end:Serices is 1atent, fragmented, Or.intractable because of
political, parochial, and jurisdictional conetraihts;"fhese
factors, as well as economlc llmltatlons, greatly lmpede the
_acceptance of technologlcal lnnovatlons by publlc lnstltutlons;

The primary role of Federal civil agenc1es in technologl-

'j'cal Lnnovatlon, therefore, can be to prov1de leadershlp and

- incentives t0'others,-1nc1ud1ng prlvate.lndustry. The Federal
”frole involves |
-‘-—ldentlfylng problems and potentlal solutlons,l
_espec1ally thOSE-Wlth nationwide commonallty,
'_--edapﬁing.existing Eechnology or sponsoring R&D; .
 ~-—demonstrating the feasibility of'technological
'impro&ements; |
.-_?FeStablishing performance standards;
@4removing barriers to acceptance at State and
.elocal levels;
--emplofing feguiatery authority:_and'
"F-subsidizingfor providing special incentiVes for
..-the'transition until the potential for aggregated
markets and economies of scale motivaﬁe the private

“..sector to invest its own capital.:
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.Tq be mdst effeétive, Fedéfal agencies-muét establish
 bét£er.partnerships with State and local governments and the
'pri#ate sector. Since industrial resources are needed to pro—.
'_duée gpods for public institutions to use in iﬁproving their
'serviceé,'industrial contractors should be involved in the
early ?haSes of R&D, adaptive engineering, and demonstrétion.

Récent_Studiéstand Experiments
in Technology Innovation

"Much.mo;e needs tb be 1eakned'abou£ public technolOgy
:inﬁovatioh#—the'process of not only genérating techhological
options; buf also foéte:ing'the éeleétive adaptation, transfer,
_and use-to.benefit'both the ecohomy aﬁd the qualit& of life;
'.Evén_so, Wé have certainly learned enough to-realize'that the
;Federal-Govérnmentfs leadefship role in the téchnology delivery
éystem'needs_ﬁo be improved. | | |

Ih :ecent'yeérs; a number of studies and experiments from
which'lésSons are being léarned abéut the pfocess have been
 §efformed or sponéored by Federal agehcies.' Notabie exaﬁples,'
in addition to the previously mentioned R&D Assessment and Ex-
"  périmental Technology Incentives Programs, are the NASA Tech-
. 356iogy_ﬁtilization Program and the Nétional Science Foundation
Intéfgovéfnmenfal Science Proéram.. Thésé efforts include experi-
-ménts.in active technology ffansfer methods and'institufional

' arrangements, Federal procurement leverage, and aggregation of
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*méfkeﬁs'éémmoﬂ to a number of cities. Experience gained by the
Fedéral Laboratory Conéortium for Technology Transfer is also
'relévant, This cqnsortium was initiated by a.group of defense
laboratories but has now expaﬁded to include representétives“
'.from other.agénéies, coordinaﬁed throuéh the National Sdiencé

 FPoundation.

' CONCLUSION
| In conciusion,:I believe.major attention should be directed
ﬁowara three issdes: |
| —QImprOVing the measurement and énalysis of the;
impact of R&D on both the'aomestic and inter-
- hationai scenes} | |
-+ —=Improving the climate for Gb#ernment-industry co=
' operatibh to stimulate technology.innovation and
.ehhancéfpfoduétivity; and
:-fImproving Fedéral leadership in thé-application
‘of Eeéhnology to State and local government
pfdblems.

" In Seeking better measurements.of.the economic impact of
R&D; more work is needed in developing science indicators with
émphasis.on'dutput measures.' I also beliéve that_more micro-
econpmic-analysis of spécific R&D efforts should be pursued.

' What_can we do to improve'thé'climate for Government-

.'industry cooperation? I have no panacea to alleviate the
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_'attiﬁudiﬁal cthtraints that continue to retard the dévelop—_
méht of a m@re.COﬁstfuctive partnership between quernmeht
and industry. | |

'It behooves'alf of ds—?individuallj and colleétivelyw-to
méké:extraofdinary éfforts to achieve better”communicétion éhd
'mutual-understandin§ of our respective needs and interreléted
'_3goals'iﬁ the context of our total responsibilities'aﬁd_obliga-
.tions. 'Continued Sﬁudies and publication of résulting reports
' _ciariffing'the issues and alternatives should.help to impfove
'understanding.' ‘ | |

An excelient example is the Jﬁly 9, 1975;.report by
‘Rbbért'Gilpin éhtitied “Technology,'Ecbnomic Growth, and Inter-
national Cbmpetitiveness.“ This is a repo:ﬁ preparéd-for use
of thé-Sﬁbcoﬁmittée%on'Economic-Growth-of the Joinﬁ Economic
. Committee. Anotherégood example is the 1973 report, entitled
"Barriers to innovation in Indusﬁry: Opportunitieé for Public
:Policy-changes,“ baéed on a study Sponsored by thé National'
Sciénce-Foundation énd performed as a joint effort by.the
Industrial.ﬁesearch%Institute and'Arthuf D. Little..

Also,-continued discussion and debate in open forums and
panel meetings, sucﬁ as'those sponséred by the National Sci—
‘ence Foundétion, the National Bureau of Standards, professional
'  éocieties, aﬁd trade aséociations'can help; eSpecialiy when-all
':'ihtéreSted parties or sectors, including labor and ‘consumer

- . groups, are represented. Congressional committee hearings,'
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_suchVaSjyour'Sﬁbcommitteé is now conducting ahd the extensive
_ hea:ings hei&-by'éhe Housé Cdmﬁittee én Science and Technology
on science énd'technology policy and ofganization during the
laét.thrée years, are“extrémely useful for'improving undei-
sfanding and_perspeétive.' | |

With respect to the more tangible issues, it is clear
'that'the'?ederal Governmént needs to stabiliﬁe_its economic
and_regulato;y policies to reducé-uncertainties.affecting.
private inVéstmént'in technology innovation. A cdmprehénsive
_évalﬁation of the effect of Federal regUlations_is needed to
assess the individual_and'coilectiva effect on the_ciimate
_for §rivateésector R&D, as1we11 as to determine cost effec~
tiveness and ascertain whether appropriate shares of the
cosEs até being borne by.the primary beneficiaries.

' In addition, more policy analysié is needed to devéidp
general guidelines and_criteria_for'determihing when, how,
‘and to what extent the Féderal quérnment should be directly_
involved or should alleviate'some.of thé existing constraints
and provide special'iﬁcentives for commercial venturés.in.
”technélogy—intensive induStry.. Particulafaatﬁention needs
to be given to determining'the respective roles of Government
and industry in major commercial ventureslneeded to achieve
 nationa1 goals and also to assess the'impact of Federal pdlicies
:  and_re§u1ations on the environment for spawning new enterprises

and fostering the growth of small innovative companies.
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ebn the international 5cehe, means must be_established for
'eha;iﬁg of strategic'information between induetry'end Govern-
.ment to assure that international agreements consummated‘by
.induStry'are coosonant with Government objectives. Importent
iessone cen be iearhed from the special afrangements between
. government and.industry in the foreign industrial=nations even
7though they may not be directly adaptable to our system. -

. Planned GAO Work Related
' _to RsD and the Economy

As part of a planned GAO study on the 1mpact of various
:Federal policies on industrial capital formation (the accumu~-
lation of”plant and equipment), we plan to consider the inter-
'feiafions‘emong'Federal R&D_activity, private R&D activity,
5eﬁd ihdustrial-capital formation. R&D activiﬁies and capital -
'-_.formation ere major'sources of economic growth} Furthermore,
" industrial capital formation oftentimes incorporates the |
feshits of successful R&D activities. |

._3 This study will consider the direct impacts of Federal
tax, patent, and fegulatory policies on private R&D expendi—
tures.. 1In éddition,'the impact of verious Federal policies
~on the bUsinese environment and the effectfof this.environ-
meﬁt on indust:ial R&D expenditures would be investigated.
'In particular,-we'would analyze the effects of Fede;al regu-

" latory and economic stabilization policies on how businessmen
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perceive ﬁhe riskiness of.theie.eﬁvironment and how changes
in these pefceptions affeotlehe level end.allocatioo of their
-_R&D expendltures. _

We also plan to con81der the impact of the 1evel and com—l
p051t10n of Federal R&D expendltures on industrial R&D expendl— '
'r:tures and 1ndustr1al capital formatlon. Effort would be devoted
to”developing methods which coulo pro&ide an'assessment of the
effectlve allocatlon of Federal R&D expenditures.

- In general thls study would identify the effects of

"Federal R&D act1v1t1es on the economy and how Federal pollc1es'

".Iaffect the R&D efforts in the prlvate sector of the economy.

- - - " -

eMr, Chairman, this concludes my Statement. I shall be

‘pleased to answer ahy guestions.
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