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 SUMMARY

With a few exceptions, the vast technology developed by
federally—funded programs since Wbrld War IX has not resulted
in w1despread Spln-offs" of secondary or addltlonal appllca—

tions of practical products, processes, and services that have -

~made an impact on the nation'sgeconomicdgrowth,'industrial
rproductivity; employment gains, and'foreign trade., In this

‘report, a commlttee of the Natlonal Academy of Englneerlng

studled the transfer ‘and utlllzatlon of thls klnd of technology

.-wrth a view toward solvrng critical natlonal problems and |

' prov1d1ng greater publlc benefits.

- After examlnlng 25 federal departments and agenc1es, the '

_icommlttee found _ Although federally-funded research and develop—'
‘ment totaled $17 billion 1n FY 1973 -=- of whrch nearly $l bllllonf_-
'_ylwent 1nto the collectlon, proce551ng, and dlssemlnatlon of 1nforma-h
_tion about the resultlng technology — only $43 mllllon (or 0 25
.percent ‘of the. total R&D. budget) was spent to stlmulate sub—tf' .

__stantlal and profltable secondary uses of the technology.

One major recommendatlon, accordlngly,'calls for shlftlng -

'the focus of federal concern from 51mply telllng commerc1al

- users:and110cal'gcvernments.about prom151nggtechnolog1es_to

ﬂw”fé¢tﬁéii§”tféhsforning”EZEﬁﬁiééiwiﬁfSk

‘into

-n,_that fulflll publlc or prlvate economlc and soc1al needs.  To

do this, the commlttee proposes that the federal government .

'“spend'about-sl bllllon annually to correct_thls imbalance.



'Lii“

The committee identified fundamental inadequacies in the
prOCess.of technology transfen and utilization. To overcome
these shortcomings, it snggests that the goternment, in collab—.r
_oratlon with 1nnovators, suppllers, and users, adequately deflne
the opportunltles in terms of spec1flc needs or ultlmate uses,
market-characterlstlos, economlc payoff, and public benefits,
~and match these-opportunities with'the.available ‘technology.
| A key element that the committee recommends in order to
t_carry out utilization act1v1t1es is the prov1510n of mncentlves
_and tools such as adaptlve englneerlng, seed flnanclng, and
_marketlng a531stance.'

The report declares that in no way do the recommendatlons

) mean to imply that the federal government should become a

' Q,competltor to the prlvate entrepreneur.; The federal role should

~ be the commlttee states, one of stlmulatlng and ass1stlng, not
d one of 1nh1b1t1ng or dlscouraglng the natlon s 1ndustr1a1 sector.,'

In carrylng out 1ts charges and developlng 1ts flndlngs, o

the commlttee assumed that there was a substantlal amount of use— '}V

ful technology generated 1n federal laboratorles that is poten-

tlally avallable for w1der publlc beneflt.' The commlttee
' =

'-'suggests that thls hypothes;s must be tested by the Natlonal

;Sclence Foundatlon, the agenoy that commlssloned the~ study. ﬂ
Flnally, the commlttee questlons whether exPerlmentatlon-

is a=necessary prerequls;te to the implementat;on of the pollc;es

erecommended in_the.;eport,¥t;. : | |
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g _requested that COTTU"'

' TECHNOLOGY TRANSFER AND UTILTZATTON **.

“INTRODUCTION

| Background. Through ltS Experlmental Research and

,'Development Incentives Program (ERDIP), the Natlonal Sc1ence '

Foundatron-(NSF)_ls respon31b11e_for gatherlng ev1dence‘con-d

'“ cerning various.incentives'that_the'federal government can
_'usedto increase'the.application:of science:and‘technology for
'nthE'Pﬁblic benefit. At thecinitiativeibf ERbiP;hthe-Founaation.

reqnested the National Academy:of Engineering_to establish.

a Committee onhTechnology Transfer'and:Utilization fCOTTU).

The committeedbegan operating_in July 1973.

'Charges. In. spec1flc charges to the Academy, the NSF

”_; --Ioentlfy the major federal agenc1es ‘that have '
H:conducted programs dlrected toward technology
f:transfer and’ utlllzatlon.'r. _ “-_ _ |

”. | Determlne and descrlbe the methods used by
1hthose agencmes in advanc1ng the programs, ;_-_

.f: Evaluate effectlveness of these methods,

”g;,M-Assess the extent to whlch these agenc1es_;_j”hh;;¥;
| hhave-evaluated thelr'own methods;eand,
. ‘On the basis'ofrthe-backgronndainformation.-
“'H:developed, recommend pollcles that the NSF.

or the federal government should con51der.



‘Scope and_Viewpoint. In continuing discussions with

:the NSF and independently as the:stndy-progressed the cbmmittee
agreed that it should attempt to ldentlfy those attributes of the
process and programs that- 11m1t the - secondary and/or addltlonal
' appllcatlons of.government—generated_technology, make constructive
suggestionS'for overcoming these constraints; outline feasihle
. federal initiatives that would significantly speed up technological
utlllzatlon, and flnally, recommend a new approach -and dlrectlon
for the NSF's experiments that are de51gned to increase the .
\knowledgegof the'lnadequately understood process of-technology.
transfer and utlllzatlon. _ |

 The committee belleves that an acceleratlon of technologlcal
-developments, consonant wrth economlc forces and responsrve to
the percelved needs of- the country, can result from a rev1s1on:
rof certain federal policies and_procedures. It also believes -
;that:this_would,'in turn;;contribute.to'the solutiOn-of some -

-7_criticaL'national problems aS-wellfas proVide other benefits. -

Membership. The 15 memberslof the commlttee have dlverse

,_expertlse and experlence.; As 1nnovators, suppllers, and users,;”
they have consplcuous records in technology transfer and utlllzatlon
- They represent various profe551ons e englneerlng, law, economlcs,

_investment banking, large and ,sma;l.}.;ms iness management, and applied

'research. This diverseabackgronnd;enabled'the-committee topaddreSSnl
not only the pragmatic managerial and socio-economiC-aspectsaof |

. the problem, but_the institntional_implications as well,

A SRR T T




Methodology. In carrying out its charges'and developing

its findings, the committee surveyed the relevant'literature, -

identified 25 federal. agenc1es conductlng programs of technology

'-Vtransfer and utlllzatlon (Appendlx), 1nterv1ewed OffIClalS of

:these agenc1es, evaluated the wrltten responses of selected agencles
to a questionnaire, held w1de—rang1ng dlscu551ons during three
.committee meetings with'virtually full attendance, and:particularly
:drew upon its own accumulated profe531onal experlence and judgment.
Durlng its dellberatlons, the commlttee did not fully |
3.agree on . every p01nt under dlscu551on, but there was complete
'agreement on the major ‘themes and the final recommendatlons.
Forla meaningful study - base, the committee developed_d
three fundamental postulates' | | | =
| (1) On the basis of current knowledge, 1t is o
:j;p0551b1e to take steps toward 1mprov1ng
ethe transfer and utlllzatlon of technology.rt
(ii) 'There is a substantial amount of useful
"-technologyﬂgenerateduln federal 1aboratories‘.
' ootentially available for widerhoublicf__
dh application.’ - e 5

- {iii) Tt is in the national.interest to stimulate

the-transfer—and- utallzatlonwof~teehnologyew~wwammam@wwm
from the federal government and 1ts contractors ' -
in order to meet present and ant1c1pated needs-:-

by other users and thereby;fosterleconomlc and

social'growth in the United States.



T —

_ // B ﬁhiie the committee has been mindful:that fhe.expressed
;{ concern of the NSF is with technology originating iﬁ federal _
laboratories; ﬁhe basic process of technology transfer and -
utilization is also applicable to the products of_research,'
froﬁ uhiversities, research-institﬁtions, industrial 1aboratcries,
nd other sources, whether or not such activities are_supported:

yin whole or in part by federal contracts or grants@

"_LIS'I' OF TERMS.

Technology - The appllcatlon of scientific knowledge

or ‘engineering de51gns or processes- any

hardware 'device, equipment,’ or system, spec1al
1aboratory_or-test fac;lrty, or-spec1ally trained
fperSon;[l]-'Also services aﬁddiQeas_are incldded.l
Iﬁ general,-it_iS'the.bodyoof;scientificyand--
engioeering khowledge of how to3make something..

that w1ll be purchased 1n the marketplace._

7 Technology Transfer - The process of collectlon,__

documentatlon, and_successful_dlssemlnatlon of
scientific and technical information to a
‘receiver through a number of mechanisms, both

formal and informal, passive and active. . .

R &3 "U. S. Gemeral Accountlng Offlce, Means for Increa51ng the' v

Use of Defense Technology for Urgent Public Problems
(Washington, D. C.: U. S. Government Printing Office,
- December 1972) p. 5. ' PR L R




The tr&a3§eiﬁpraééss%§é§ins when it has been

established that a technologieal advance has

‘significant relevancy in a directed or different -

';application and that a necessary adaptation can
‘be made. The process.occurs naturally between
participants who‘understand what has to be

done to permit effective utilization.

Technology Utilization - The procese ﬁhrough which
ﬁ o ' governmént'reseerch'and teehnelogy is transformed.
into processes, preducts, or services that can
.be aéplied to actual er potentiel public or
'{f ' private needs. It may also meanetheisecendary .
o ‘or horizontal application.of'a-technology that
: has:been'deﬁeloped for a partidu}at mission and,
( '_;:_“ . _after"modification.and'diverSificatioﬁ, fills a
| | -_éifferent.ﬁeed in.another envi#cement.flll
. Utilization is therefore a broaeer concepﬁithan .

transf&r, inasmuch as it_emphasizes'theVebility

| and/crﬂwillingnessyofwaarentreprepeur from either

\ 'e _ ’ technology to an ultimate ﬁse or the creation of

" the public or private sector to_eppiy'an available'

Innovatlon —-The process that broadly ranges from the'.

: 1nventlon or conceptlon to marketplace acceptance.'

[1] 1Ibid. It should be ndted that'the General Accounting Office .

-used this as the definition for "technology transfer," but
- the COTTU members felt thls functlon was more approprlately
part of “utlllzatlon." S : o




Py ."_ |

emednerdmiroduces, champions, and/or

Innovatpfﬁéﬁﬁﬁr
'manages.new techhology whether.or'not_he.is the
'_ actual inventor or discoverer. |
Suggller - The one who applies. technology to produce
a product or service. The concept refers to
the manufacturer or_adaptér of a technology
(usually a private sector, profit-making‘dompany’
or a consortium of private firms,_or_under ceriain-
lcifcumstanCes, a-partnership-of public and -
private entities). o |
-User - The‘uitimate purchaser_of.the'technological_
product or service. Therconcept-refers to the
ilfinal consumer, which impliés'that'tho_product
or service is purchased and then dpplied ina

_useful way.

R A i v R

' STEPS TOWARD TECHNOLOGY TRANSFER AND UTILIZATION

fThe.transfer.énd"utilization.of_teohnology_is a complex,

- non-linear prbcess,'domprising”a nﬁmber_of dynamic steps that

_occurs in varying degrees'in_a substantial portionﬁof American

1ndustry today. Understandlng this process is essentlal to

-understandlng thls report COTTU has deflned the steps as"uvlwwwww

~follows:

. Collecting, organizing, and storing the results
‘of research and development tR&b);-— i.e., the

teohnology.




Publishihg and disseminating the R&D information.

‘Identifying a need_and'evaluating the technolooical_
requirements that must be met_to satisfy it;_o
(At_this point the potential users are identified
ahd the technology adapted or modified to meet
:thelr needs ) | N | |

, Matchlng of the avallable technology w1th the .

specific need or ultlmate use,_determ;ned with

the aid_of the.potential_dsers. |

. Executing a continuihg series of_relevant cost%ih
benefit anelyses.

Deflnlng the market potential and the other
'parameters that should help to determlne the
potential utilization.

~ Examining the'possible conseduehceé that ﬁa&-”"‘

_ result from fulfllllng the needs and thelr 1mpact._.

Locatlng the potential "suppllers“ who are able

and available to translate thezteehnlcal_1nformation

-iinto practicel reality.- | |

' Determining .resources and other requlrements

'necessary for suppllers to produce the product,

Associeting the suppliers and users so they can
'_agree'on the standards; characteristics, performance,

. and constraints of the product, service or process.




-« Performing the'adaptive engineering oecessary'to
- develop the product or service or to acquire o

any missing elements.

. f«Establishing'a business or implementation piane
to determine production and operational oosts;

. Acqulrlng the necessary f1nanc1ng.

, Creating a marketlng Plan, productlon of the .
product, serv1ce or process and 1mp1ementatloo

_-of its sale at a_prlee_a purchaser will pay. .

- These steps, the committee recognizes, are not a rigid
.~ or orde¥ly structure. In some cases the sequence may be

different or random, in others. certain steps may overlap..”

Some steps may requlre modlflcatlon and lteratlon to meet

o partlcular c1rcumstances. For 1nstance, there may be several'

competing teams or comblnatlons of users, supplrers, and

'_flnnovators pursulng 51m11ar objectlves, and at some stage

_partlcular participants may drop out, change course, or make

some other accommodatlon._

. The commlttee also. reallzes that the process of

.technology transfer and utlllzatlon as deflned here may not

be_appllcable to every case. . The importance of each of :

AR -f 2 2 o

the steps varies according to the nature and oharacter-of_'

 the market pursued and the personal or collective perspective

~ of the innovators, suppliers, and users.




~-director- indirect (elg., af indirect benefit may ‘be’ an'fwm'

_Both in the private sector-and'the public sector,
‘_———‘-——____ J——

‘the- problem of technology transfer 1nvolves a linking of ‘the

technologies at one extreme with needs at the other by means }

,ina,complex -"hrokerage process." At the technology end,

there is a-body of knowledge which results from R&D for

primary mission purposes but, nonetheless, has numerous

.. potential secondary or horizontal applications,_ At the

other end, there is a set of societal needs that will

utilize some combination of the technologies.' Once'theSef
" needs are defined, the brokerage process serves as the i
catalyst to help match the needs to the technologies.

This mechanism is characterized by a randomness, a many-to-

many'couplinq; and a great'deal of'entrepreneurship which

sets the process apart from the ‘more orderly Situation in

"-which a single m1551on need 1s recognized from the

beglnning.

Initial technology-utilizetion-occurs when the

_ customer or user makes the first decision to purchase a

product, service, or process in a significant quantity.

‘Full transfertend utilization happens when widespread publicd

ﬂbenefits*are realized, regardless of whethet'the benefit is

' 1ncrease in productiVLty through improved efflciency)
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I.-:INADEQUACIES'OF FEDERAIL: TECHNOLOGY

ey |

The vast technology developed by mission-oriented

federally-funded projects since World War II has not_generelly '

" resulted in highly visible "spin-offs" of widespread'secondary

applications. Beyond such notable innovetions as jet aircraft,h

antibiotics, radar, nuclear power, and other developments in -

electronics, chemistry, and health care springing from a few
agencies, the committee was unable'to'identifylnajor secondary .=
contributions from federal R&D programs,to theggross national

product, level of employment, balance of trade, corporate

_profltablllty, lndustrlal product1v1ty, or the quality of o

life in the United States.

h11e the Department of Agrlculture often is Clted as

- a major contrlbutor to. technology transfer and utlllzatlon, -

'the committee con31ders that the agency's basrc output responds

dlrectly to its m15510n and therefore results malnly in prlmary
appllcatlons. ‘There are other c1v1l agenc1es that" also perform
R&D, resulting in prlmary appllcatlons.

| The methods generally used . by federal agenc1es for']: v
transferrlng +echnology 1nvolve the pa531ve technlques of .:.f\

collectlng, screenlng, 1ndex1ng, ‘storing, and dlssemlnatlng ' 'ﬁ -
. ] / .

scientific and technical-information upon the specific_request of ¥

a potential user. These methods are not_fnlly effective,because

‘they depend_upon: the ability of.the'prospective-user to_define'

-the teChnology}he.seeks;’theﬂprocedures used_to search and B
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- identify the requested information; the formaﬁ_in which the .

data is provided to the requester; as well as the skill of
the user in assimilating the knowledge, evaluating its

relevanée, and adapting the technology to meet a specific

- need.

More active methods'which involﬁe,personai interplay

between innovators and potential users, frequently assisted

by third party change agents or multidisciplinary teams, are-

 used less often by the federal government. When used, they . .

tend to be more effective than the paSsive'methods.'

_ Nonetheless, these active attempts by the federal government

—— i

{11]

_have also proven 1nadequate for the most part.

- In examining the problem, the committee assumed'that

'two.factors could limit the secondary or horiZontal applica- -

- tions of federally funded technology:

- An insignificant amount of federal nechnology 
has beenVreﬁealed-which-couldﬁbe economically
'used in secondary or horlzontal appllcatlons,
.prov1dlng w1despread publlc beneflts. |
- A plethora of structural and institutionel

barriers exist in the federal government and

~effective utilization of this technology.

[1]1 wU.s. General Accountlng Office, op. cit. pp. 8 ‘and 13.

Cf: M. Frank Hersman, "Technology Ufilization in the
Public Sector,”™ in Science and Technology Policies:
Yesterday, Today, and Tomorrow, G. Strasser and E. M.
Simons, eds.‘(Cambrldge, Mass.: 3Ballinger:Publishing .
Cco., 1973). pp. 79- 93 PR L

~the private econony £o prevent the efficient and
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The commiﬁfee was not charged'with addreséing thé
first assumed factor, and accordingly offers no opinidn ébout
'its significance. 1Instead, it hés accepﬁed the hypothesis, 
fhét’useful technology does exist in the federal laboraiofiés.
Howeverxr, the committée strongly feels.thét this hypothesis,must_
" be accepted or‘réjected and recommends'thét the NSF or another
'approprlate federal agency: ) _ |
| Nw, and pemod'bcally in the future, test the assumption :
that there ’LS a substantial amount of useful federally |
: ..funded technology available for beneficial, wmdespread
 secondary applzcatzon-by conducting a survey of selected
federal laboratories, using &.team-of émperts-represent-
'ing.a variety_of discipiinés, as wéll;as tﬁe technoZogicaZ{
| innc;vator,- supplier, and uéer;_ also .rdeterrri_'ine if é.ompar'ablze.
‘technology from other sources is;already avaiZ&bZe_or1bein§_
used. | o | |
| In the evenﬁ that.litfle Or.ho significant teéhhology_a“u
éan_be-found.through the above:apéroadh (or if feéhnology'from'_-.;
~any other source is known to 5§;évailable).then any effort to:
overcome structural and institutional barriers in federally-
funded prOgrams is considered.impractical. Still,lfederél'

i @ EEOLES£O- -QVercome-analogous-barriers.-in-the- prlvate seetor

would: be worthwhlle because useful technology does- orlglnate

there,

' Hence, the_committée_extensivelytinvestigatéd,the

secondlassumed factor;fparticularly as it épplies to



'fhe-federal government, and determined fhat'significant
"barriers exist to the effective utilization of technolbgy. It
fidentified two critical impediments within the federal govern-
' meﬁt which are, in general, classified asz: . | |
1. 1Inadequacies in the process for sétisfying_
user needs with potentially proﬁising federal
technology, and | o
2.'.Inadéquacies'iﬁ the environment for-fos;ering_
éfféctive secoﬁdafy utiiizétion of this

.technology;

The remainder of this report deals with the committee’s
specific conclusions concerning these inadequacies and recom-

 mendations for corrective action.
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II. OVERCOMING THE INADEQUACIES

The federal government must pay attention.to the

. weaknesses in the process of secondary utilization of

technology.
For utilimation to be successfyl, the govérnment
must make certain that: - |
- ,Proper emphaszs and balance ig mazntazned
;fiﬁ?between ‘transfer and uttZzzatton..
;t Wbrthy projects are defined and seZected and
- The steps of the process are taken in a.conspstent |

and comprehensive way.

The committee's pollcy recommendatlons are 1ntended:;

to p01nt the dlrectlon of an approprlate government response"7e

“that could motlvate both the prlvate sector “and the non—federal'

publlc sector to transfer and apply technology for greater

' public benefit. The recommendatlons are . des1gned to av01d S
undue government lnterventlon, organlzatlon, or-bureaucratlc
obstacles. In addition, the proposed policies also lend

‘themselves to experimental evaluation.

eeTnmphasismandeglance@ﬁwMWMWWMWWWWWWw@;wgwm;mwwmmwmWﬁ

Of the $17 bllllon spent durlng FY 1973 on. federally—-t

_supported R&D, $935 mllllon went 1nto the collectlon,

W MR e
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organization, and dissemination of technical and descriptive

[1]

“information. Nearly $43 million.of that amount -- or 0.25

TR

percent of the total R&D budget -- was authorized to encourage

T

technology utilization. (Figuré 1) The comittee fherefore
 :‘§ a concludes ohat the Qovernment mist redirect the emphasis and correct the
zmbalanoe between the transfér and utilization of technology by znereaszng
the fhndzng for applzcatzon, adaptatzon and utilization to at Zeast tke
= _'__'- 1. same level as that'expended fbr tnfbrmatzon collectzon and dzssemznatzon,
| 'namely, about. $1 billion. |
!-; ff o o : Whlle 1t is true that most federal agenc1es have -

adequate programs for the dlssem;natlon of scientific technlcal

information, in suppért of their internal mission, the committee
:perceives a real need to make the information more widely
‘available by actlvely 1mprOV1ng “the publlc awareness of 1ts
_ex1stence and the avallable sources from which 1t can be
obtalned.-r The committee therefore recommends that the govement
.i)oimprooe the management-of federal actzuztzes_concerned-wtth dissemina-
tioﬁ of -scientific and techﬁical infbrmation by_conéolidating and -
,standhrdtazng their input and retrieval capabzltttes, 2) enhance the

'publzc aareness of tke tnformation sources, and 3) make the tnfbrmatton |

avatlable to users at a reasonable cost.

. U, 8. Government, Report of the Ad Hoc Group for Federal

" Obligations for Management, Processing and Transfer of _
Scientific and Technical Information Data and Technology, :
- FY 1969-73, Prepared for the Office of Scierice and :
Technology, Executive Office of the Presxdent Sept. 1972
Washington, D. C.: Government Printing Offlce, Vol I, -
“pe 90, (Private communication from Office of Science

Information Service, National Science Foundation).




 FIGURE e | - o -
- Between FY 1969-1973 the total obligation for technology transfer and utilization activities has almost doubled, -
even though its percentage of the annual funds for scientific and technical information activities remained almost

. constant.
S ) ' T e Fiscal Year . _ .
} o Obligations (In millions.of dolfars) 1969 1970 97N 1972 1973
' Total Scientific and Technical ' s : . o
 Information Activities . C 6779 740.9 849.3 9143 - 9351 .
n Transfer and Utilization Activities 219 327 333 C36.5 . o 4an
(Percent of Total) : o 3.2y 44 (39) ' (4.0) (4.6)

This means that of the total federal budget, approximateiy 0.02 percent of the estimated obligations for FY 1973' :

were to be utilized for technology transfer. This is equivalent to 0.25 percent of the FY 1973 federal R&D budget.[l] _

45 _
427
401 PR _
: © § - All Other Agencies
36.5 .
- 35 .
. 327 333 1 328
& 301 : . ' . : NSF National Science Foundation
© : 0 s o 5.6 ) )
§ . —27.1 272
Y I | : _ NSF NASA “National Aeronautics and -
2 - o 24.2 248 | g4 5.0 . Space Administration .
E : N NSF | - 1229 222 S
e 2p o 93 19.6 | NASA
L8 : : ’ | 8.1 ' ) :
- (o] NASA . .
§, . : 169 | 4.1 o : 169 | HEW |~ Department of Health,”
= B ) 185 | . ) 122- | - Education, and Welfare
8 5r . [ NASA | - ' S .
. 13.8 5.1 ’ ’ HEW ’
NASA HEW ] 72
o 22 : —11.8 | 5 N ¢ oo
— 10.
= 99 | LEw 9.7
HEW 6.2 82 |- -
49 - 5 . .
Bl } 5.0 B ' . DocC " Department of Commerce
poOC . | bec
DoC Doc '
¢ :
: 1969 1970 1971 1972 1973
Fi'sca! year
Technology transfer and utilization by agency [2] :
© o [1) Ibid. '

[2] Ibid. p. 91.
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Selecting Worthy%?rojectS‘A5?

‘While the federal agencies generally understand the

need to measune;thgmimpactmof;thei;wteehno&oqyw@faﬁsferf}

programs particularly with'respect to,ecohomic'payoff'and
public benefit, few_agencies havejaéﬁually ddﬂe this on a
reéﬁlar basis, either from the start to establish'theﬁ |
potential or as feed-back to determine the éffectiveness;'
Rather, they have tended to measure program output in}terms
of'the people contacted, publicafiohs, or stﬁdy contracts
completed. These measures bear little iéiaﬁionship to
poténtial'or actualisuccess of thé total process of |

technology transfer and utilization. The committee

' ackhowledges that the process is lengthy, and that direct .
measures. of performance may take:considerable_time, and

that rational measures of potential benefit as well-as_g

accountability do not nowfexistifof federal programs of
technology transfer. Even so, the committee reconmends -

that the government require that projects of technology trans‘fér"

. and utilization, prior to the commitment of major federal fﬁnding'fbr

any implementation activities, should demomstrate:

/A_ _al Reasonable evidence of the potential wi@espread

'
!

; ,.  publie benefit,. |

f b) Pbtential for significantly bolstering the
economy and easing pressing national problems,
whi@e.recognizing, of course, that priorifies

'mq;chvge,
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e)  Little likelihood of causing lasting adverse
impacts'that.are unaceeptable when contrasted

to tke szely benefits,

d). REasonabZe aqreement amonguthe przme partzczpan*s

'(tnnovators, supprers, and users) on objectives,

benefits, roles, responszbzlzttes, and mmZestones.

In sum,_the government should make periodie reviews fbr each authorzzed
progect_of_technology_transfer and uttltzatzan, pOSSthy at progresszve :
steps in the process, to ensure that the fbﬁr;standbrde listed above are
met and that the e&tent.of'public-benefits are aseerfained : Mbreover,_a

"specof%c means for assesszng compZzance should also be developed

The spirit of thls recommendatlon is one of a balanced,

-dynamlc_end p051t1ve outlook rather than negatlve or statlc
| approach. It is almed at prov1d1ng some measure of control
for the government. Moreover, “this recommendatlon should not
be.imélemented in any way that will, per se,_retard or -
._discourage the trahefef and-utiiizatioh of technology.

| .Thercommittee~knows that it ie_eesential to make
éubstantive reeseessments'of federal projects for-technology_o

and utilization. - One body'of.experts may differ'with-another

in agreelng on what is a worthwhlle and justlflable undertaklng

by the federal government
As it happens, federal act1v1t1es seldom go beyond

beginning steps of the complete proceSs-of technology transfer
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' and.utilization which is necessary to bring the fruits of
- Utéchnblogy to the marketplace. "In its study of'fedéral_
agencies, the committee found : | ' |

e _Tnadequate;attentidnwiswpaidwtqmthe '

definition of opportunities that are
indicated by market studies, cost-benefit
Jevaluations, and measurements of:potentialf'~ 
impact; | |
- Insufficient effort is givéh to organizing -
'ceftain prime'participahts, such as the
innovators, users, énd sﬁppliéfs, for the.pufpdse 
of matching teghnology with needs. o
= Insufficient support is offered to'adapﬁiver
ehgineefing, financing, ﬁérketing, and other.
steps to_implement applicétion. |
Technology in the form developed by mission-oriented
‘fedéral laboratories is_dlmost never quite right.for transfer

into the marketplace.ll]

This technology gap eXists 1atqely-‘
bécausernone of the participénts want-toﬂassume'either the

technical or_financial'risks_of product modificatibn,imafket g_
analysis, and Start?uprof a éilot'operatioﬁ. Where_ail‘the .

steps in the normal process have been fostered by federal

[1] Cf. David D. Ruﬁstein and Murray Eden, Engineering and
Living Systems (Cambridge, Mass.: MIT Press,_1970).
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agencies'in.a kind of “pump;primingh enterprise, there'have
" been payoffs -=- notwithstanding the debates that often ragel
‘about the adequacy of return on the taxpayers' dollars.

Many federal agency officials are sensitive to the .;:l

'_market pull. Accordlngly, NASA states:

"The best method to con51stently achleve .

optimum technology utilization in. the prlvate

sector is to constantly look at the technology

as a firm in the private sector would -- as a

means to either make or save money.  As long as:

that perspectlve is kept in mind and every = . '
. effort is used to create awareness, the. transfer,
“-and more 1mportant utilization w111 occur." [1]

A similar sentlment was expressed by the Departmentl:
" of Commerce, which is a potentlal supp11er of non—englneerlng
elements of technology transfer and utlllzatlon.r

“Lack of dependable market and technlcal__ i
. information appears to be a significant -~ = oo
barrier to the exploitation of new tech=. ~ . - ..
nology. This suggests that the s;mplest_'rﬁ~9?

- and most stralghtforward service that = - .

_-government can provide is to. act as a.

. source. of. such. information. . There is
little reason to believe,. however, that
this approach alone would be sufficient

. to achieve optimum technology utlllzatlon

~in the private sector." [2]

Although there is an. apprec1at10n of thls problem in government,r

little is done about it.

{11 .Letter to COTTU. from Jeffrey T. Hamllton, Director
Technology Utilization Office, National Aeronautics
and Space Admlnlstratlon, October 18, 1973.

[2]  From the Department of Commerce's answers to the o
COTTU Questlonnalre dated November 1, 1973
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Since the present federal programs of technology

transfer and utilization have not been adequately addressed

for thelr total success, the commlttee recommends that the

. governmen;twmecagnizeg;\md;implementmthesewprognwnswbywmakingweem:aiﬁ o

that any existing or experimentaz prograns embrace the following

'fundamental activities of the process:

a) Dissemination of the results and applzcabzlzty |
. of R&D -— i.e. s the technology
b) Definttzon of the needs, markets and zmpact of
'melementatwn -— . 2.5 the opgortumtg

el Organzzatzon of the participants -~ 1.e.,

_-the znnovators, users, and supplzers who
'together, must define the opportunity and
match it w'z,th the avatlable technology from
- federal and non—fédéral sources.
-.d) 'IMpZementation consisting of adaptive
E "“engiﬁeefang;“fzndncaﬁg;.mafkét;ﬁg;_pgfchasigg“f'"'
and anything else required to produeé ﬁidé- '
spread public benefit profitably and
- -effectively - Te@u, fhe .Zubriéanfs |

or tools.r'

R e e e




. III. CREATING THE PROPER ENVIRONMENT -

Overcomlng the weaknesses in the process of

'secondary utlllzatlon of federal technology will not,

perWS'TmieadwtOWmorEWbeneficfa&wnewwapp%rcations.
Attention must be paid-to creating‘a better environﬁenﬁ, by
the federal government taking steps to ensure'that its
'policies and programs'en¢Curage innoﬁators, suppliers;

and users of technology te work togeﬁher in developing.,

worthWhile secondary applications.

Spectfically, the government must:
EMpower and make adequate funds avazlable
for. féderal agenctes to advance secondary
‘utt11zataon actzvztzes. _

- Prouzdé incentives and tools, iﬂcluding:i3 -_-
cdberage of technical and finaﬂcialzrisksﬁ'
- to fhe participants in-the pfoeess bf-:%”

technology transfér and utilization. -

Empowering Federal Agencies

At present there is no overall policy guidance or_“
direction for the transfer and utilization of technology
from either the executive or legislative branches of

‘government to federal agencies. The single omission




s e o s e

24

commonly noted lS the leglslatlve authorlty and/or
budget line 1tem whlch would support the requlred

manpower and other costs as Well aS-provide desirable

' v151b111ty.

"[

In its study of 25 federal agen01ee,“the
committee found that their mandates and programs vary
widely.- Some‘heﬁe specific legisiation'without programe,
others the réverse.'.Some_have'ﬁodest reeources,'othets .

do not have specific budgets. And some, while possessing

~ample authority, accord their-programs'low priority.

The absence of a proper legal mandate lS the SLngle

most 1mportant constralnt preventlng agenc1es from settlng :

. up adegquate programs. Many agency directors are understand-f

”ably_wary_and apprehensive-about programs without explicit

direction;or adequate funding.

MoreoVer, there is a lack of personnel slots and’
no. spec1f1c ClVll Serv1ce CommlsSLOn ]Ob descrlptlons ex1et
for those engaged in technology transfer-utlllzatlon

act1v1t1es. This-is a factor;lnhlbltlng the implemention

| of programs and the recruitment of expert personnelo There

are, in addition, no tangible rewards —- often only disdain -~-
for those civil servants who work in technology transfer

activities that are not basic to an agency's assigned mission.

i SRR
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Without a federal policy designed. to overcome
. these constraints,‘there will'continue to be a poor environ~
ment in which to accomplish the objectives. Therefore, the

‘committee recommends that the federal government:

- Empower.approprﬁate }édéra1 agencies to set
ﬁp explicit programs as an added part of their
miséions with speeific charters ana gutdelines
for embarking on these secon&ary or.hériéonfal
.applicaiiOH programs. | |
- Make techﬁology wtilization a Line iﬁem'in'the.
budgets of federal agencies in order to éﬁovide
appropridte'funding. |
- Create new Civil Service Eesignationé and job
deseriptions to cover pefsoﬁnel with program
skills and expertise. The Civil Serviee'Cbmmissioh
shoﬁld recognize the proféésion.qf_technology_ |
' uﬁilizatian agent and establish a sepéfatg classi-
fiecation series within the General Schedule system.

from beginning positions to senior emecutive levels.

In no‘way'do-theée recommendations imply that the.
féderal government should become a competitor to the private
entrepreneur. The federal roie should,he oné of stiﬁulating
and assisting, not one of inhibiting or discouraéingjthe

nation's industrial sector.



Providingllncentivés

Until now there has been inadequate concern about

financial risk, lack of patent protection, otr other start%up?_

Droblems”that,impedewthewprivatemséetenﬁswabiiityﬁtc~b;ing

 technology to market. To_enbourage industry to adapt the

products, processes, gr éervices for the marketplace, the
goﬁernment should:
. ~ Develop and refine tools that will impravé :
a)'the-idéniificatfon of high potential
teéhnology, b) the predictive process such
. as ﬁarket research and ¢) user need analyses,
particularly in enhancing the reZiabiZity.fbr -
defining the opp&rtunity. {13 |
- Provide some assurance against undue risk to
potential financzal sources during the start-up

. or zmplementatzon stage of deveZopment oJ innovative |

_g_\ i -
- Make available, selectiveiy and experimentally,
adéquate, inempensipé, and imaginatively bold |

. financing to users in the privafe:and public

sectors in order to accelerate the divect

{11  Cf. Arthur D. Little, Inc. and Industrial Research -
o - Institute, Inc., Barriers to Innovation in Industry, .

Prepared for the National Science Foundatlon September
- 1973. This report concludes that marketing is the =~
pr1nc1pal impediment in the translatlon of ideas or
1nventlons 1nto our economy. . . :

iz o wes
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- implementation or to: stimulate financial
institutions to provide greatér investment
- in new technology enterprzses

- Grant exalus@ﬁawlzcenses fbr govennmentmpaten+e

f11

to private companieg or negotzate'other
~ properietary arrangements where the private use
bf_goverﬂment technology cannot be obtained |

'_otherwise; [1]

In those cases where the exclu51ve license is 1mportant,
it will show up very early in the process and be seen
as a barrier to technology utilization at that point.
The committee recognizes that this issue is being

- litigated in the federal courts and this recommendation -
‘may become moot depending on’the final adjudication.
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AFTERWORD L e

The committee recognizes'that'this'study'wasrby

intention limited in its scope -~ i.e., it was not expected |

to design experiments for neW'Wa?S:to E¥ansfer thé technology -
from exisiting federal storehouses into the private and

public. sectors. Nevertheless, the cbmmittee does bélieve -
and some of its members strongly feel -- that any such
experiments should be based upon the xecbmmehdations of.

_this'report,_particulafly those dealing with carrying out

.all the steps of the process of technélogyrtransfer and-'_.
'utilization, selecting worthy projécts,.énd providing
.appropriate incentives. |
The.committee also considers that most of
its poiicy recomménd&fibﬁs are both appropriate
| énd féésible for adoption by the federal govérnment..
| without prior experimen#ation‘ In fact, |

‘experimentation would seem not to be a

 ‘prerequisite to the policy implementation,
since sufficiént experience is aiready_available

~ from publie and private efforts.

Furthef, some committee memberé beliéve ﬁhat'any
federal experiments should concentrate on technolbgies'that-.
_are likely.to solve the natibn's priority problems -- e.g;,
‘fuel and mineral resources, energy efficiency, environmental

_protection, nutrition, health care, etc.
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.~ 'mo this end, the NSF should consider seeking
joint éxperiments with'miSsion—oriented_agéncies to identify

- the most promising teéhnologies originating in federal

---1a_borateasie's:wanéwad-van@ewthoséwteehnoaloqiesmth;sou:;hwmwwgw;wm@mw
the whole process of transfer and utilization. |

Even if the NSF should test the assumption but |
faillto prove that significant and_applicable.technology
exists in federalllaboratories,_this should not deter

.the:govérnment's-effort to seek oﬁt poténtially applicable-

': tedhﬁologies from whatever sbufde; Uitimately, the widespread
utilization §f any technology depends upon the successfﬁl” o
aCcomplishment of all or most of the steps ih_the-prOCess |
- of technology transfer and utilization. o _'

- Although the prdéess is still not fully.unaér5t66d,
it has been a remarkably useful strategy for the nation‘é._
industrial community to achieve_worldwide preeﬁinenée. |
Accordingly, some members of the committee emphasize that |
‘the ordérly involvement of infbrmed pedple in_the-procéss'

" will result in new challenges and directions for future

' research of immense promise for the nation's welfare. .

P G
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" APPENDIX

Federal Agencies Surveyed By COTTU
Between August and November 1973 [1]

* * %

'ATOMIC ENERGY COMMISSION
Office of Industry Relations

DEPARTMENT OF AGRICULTURE _
Agricultural Extension Service

' DEPARTMENT OF COMMERCE

Maritime Administration

‘National Bureau of Standards. :
National Oceanic and Atmospheric Administration o
National Technical Information Serv1ce ',_1 -
Office of TeleCOmmunlcatlons - :

Patent Offlce

' DEPARTMENT OF DEFENSE

Office of the Secretary

Air Force, Air Force R&D Laboratorles

Army, Office of Research and Development

Navy, Navy Technical Information _ ' o
Naval Weapons Center, DOD Technology Transfer Consortlum

.DEPARTMENT OF HEALTH, EDUCATION AND WELFARE
- National Institute of Education, Office
. 0of Research and Development Resources'
National Institute of Mental Health,
Develcopment Branch :
© S8ocial and Rehabilitation Service,
Division of Research Utilization

DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT ' :
Division of Building Technology and Site Operatlons

[1] The names and addresses of 21 of the 25 agencies surveyed
: by COTTU were drawh from Federal Technology Transfer, a
report prepared for the National Science Foundation,
. Office of Intergovernmental Science and Utilization, by
- Todd Anuskiewicz of the George Washington University,
‘dated August 1973, pp. 71-73. . The other 4 agencies were
added by COTTU when it was learned that significant tech~-.
nology transfer activities were carried out by them. '




