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Dxrar SENATOR SMATHERS: I am enclosing a special report prepared .

~ for the committee’s Subcommittee on Science and Technology. The

report, which is entitled “Policy Planning for Technology Transfer’” .
- and was prepared by the Science Policy Research Division, Legislative

- . Reference Service, Library of Congress, has the unanimous approval
" of the members of the subcommlttee
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T JENNINGS RANDOLPH,
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" Hon.JexNiNgs RanNporrH,

. LETTER OF TRANSMITTAL

- Lisrary oF CoNerEss, =
LecisLaTive REFERENCE SERVICE,’ o
' o May 1, 1967.

L Chairman, Subcommitice on Science and Technology,
- Seleet Commitice on Small Business, :

. U.8. Senate, Washington, D.C.

Dear MR. CEAlrMAN: In pespohse to the request 1you made in July
1966, T am pleased to transmit the report ‘‘Policy Planning for Tech-

nology Transfer,” prepared by the Science Policy Research Division ‘

of the Legislative Reference Service. The report contains an analysis
of issues in obtaining the maximum benefits from Federal investments

in scientific research .and development. A survey has been made of -~

pravious congressional concern and of the present Federal agency -

.. programs for technology transfer. Questions are outlined which may -

-merit further consideration by your subcommittee and the Congress.
" Mr, Richard A. Carpenter, senior specialist in science and -fech--
nology, is. the principal author and director of the study; he was as- -
- sisted by Mr. ]I_;
" Kramer, and Mrs. Maria Grimes, all of the Science Policy Research
. Division. Valuable guidance and diseussion. was provided by Mr. Wil- .
" liam MecInarnay and Mr. Blake O’Connor of the staff of your com--
" ‘mittes. I would also like to acknowledge the cooperation of executive.
- branch agencies in providing detailed information-on which much of

ennis W. Brezina, who wrote section VI, Mrs, Eleanor

the report is based. A number of persons reviewed the material in . '

. draft form and- their contribution is appreciated. -

-~ Sineerly yours, L S :
B - - LesteER S. Javson,.

~ Director, Legislative Re{erence Service,

R ' abrary of Congress. ~ -
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o POLICY PLANNING FOR TECHNOLOGY TRANSFER_
L 'SUMMARY AND CONCLUSIONS

SUMMARY

Technology tr&nsfer is the process of matchmg solutions in the form
of existing science and engineering knowledge to problems in com-
merce or public programs. The application of “technology occurs
without any specialized effort but the rate may be less then desired
and much available information is lost and wasted. .

" Existing {acts and know-how are a supplement to d1rected researeh
and development in supplying technology to innovators. The Federal
Government ‘‘controls” (sponsors, directs, is responsible for) a large
reservoir of technology ranging from research results, to practical
techniques and devices, to patents. Much of this is potentially useful
to much of private industry if the transfer process 1tself does not edd

L too much cost to the mformetmn

. Two critical phases are apparent.in the transfer process. In the
. first, special efforts-are required to identify and report new technology-

" which is in the gray area between science and patents. . Scientific data

are reported. systematically through the literature and ‘patentable
mventmns are accessible, The bits and pleces. of knowledge which lie
_ in between are also useful in additional applications but often never
' are recognized, recorded, or packaged for organized dissemination.

The respon31b1.l1ty for 1dent1fy1n<r this technology must be placed near
the point of origin, probably with the R. & D, worker himgelf.

The second critical phase is in the identification of needs. for new
technology -Economic growth does relate to technological change -
but business' problems (espeomlly in firms with limited technical
staffsy often may not be analyzed so that technological solutions’are
- recognizéd. ~ Industry will make efforts to obtain whatever it needs
. to solve its problems—whether that be capital, sales, or technolog
once the analysis is made. A technology transfer program there i}ore
must include special efforts to improve the technical literacy in
¢ business and to provide counseling for need recognition where the ﬁrm
.may be small or unsophisticated. After 20 years of steadily increas-
- Ing inajor expenditures, the general pubhc awareness of the 1mpact of

" sctence and technology is still inadequate.”

'The part which the Federal Government can. pley in fostermg
transfer of federally controlled techriology ranges from mere publica-
- tion ‘availability to_active development assistance in' new' civilian
applications. Within the Government there is the question  of
‘whether all-agencies should combine_ their technical results for cen-
tralized processing.  Technology collection may well become an
adjunct to scientific information handling and be coordinated by the
. same Federal mechamsm D?,ssemmatwn should be centmltzed at least'

]




'2 ' POLIGY PLANNING FOR TECHNOLOGY TRANSFER . -

© to the extent that the industrial user meed contact only one agency for )
aceess to all technology in a given fleld. - T
- In the private sector, universities and independent research insti- -

° tutes can Ee effective transfer agents but do not have financial support
toinitiate extensive programs. If a Federal responsibility for transfer

is accepted, the stimulative Federal funding of regional efforts through
research institutes and industry orented universities would be valu-
- able. TIndustrial support may sustain much of the dissemination cost
but transfer institutions should have other funds to do missionary

work with firms who are not able to pay their own way into the tech- = .

nology transfer process.. . _ B S
Federally controlled technology should be examined more thor- -
ou%hly for secondary application to other agency missions and to new
public piirposes as they arise. In this case the transfer is within the
. Government. The progess i much the same however, and the person-
to-person cortact is most important. T T
. Existing Federal policies vary among agencies. At ’the oufset, some
Government-sponsored R. & D. is performed expressly for transfer to
industry and the transfer mechanism is built in (for example, the
Department of Agriculture, the National Institutes of Health, or °
the Office of Coal Research in the Department of the Interior). This
technology may also have secondary utility but much of the work of
making it available has already been accomplished. No direct anal-
ogy should be drawn between such purposeful Federal support and
the problem of transferring technology which has been acquired for
missions within the Government (for example, Atomic Energy Com-
mission, Department of Defense and National Aeronautics and Space
Administration}. Overt transfer programs are underway by the AEC
and NASA. The DOD sees no necessity for special dissemination and
application efforts because its patent policy is supposed to provide
the incentive for private transfer programs. However, the security

and administrative restrictions on DOD reports keep about one-third " .

of all federally controlled technology out of the conventional infor-
- mgtion retrieval system, TP
“The Staté Technical Seérvices Act has established a responsibility

for aid to industry in applying technology. The early results of this = -

* jointly funded Federal-State program indicate that business manage-

ent in _many_regions i ' -.opportunities in_apphed
Iesearch technology utilization. Fundaments fication and
counseling may be necessary before & demand for technology is gener-

ated in local industry. This Department of Commerce program is = '~
“based on the concept that technology cannot be trgnsfen'i_;ti:_eﬁectivgly o

from a central Federal agency. o e
" Thus agency policies, at present, are at variance as to what should
be done with federally controlled technology and also as to what parts
of the transfer process the Government should be activein. =~ =~ =~
The attitudes of the industrial corporations, which are the principal
research and development performers for Federal agencies, can. be
characterized as favorable to some aspécts of the technology transfer
activities of the Federal Government and unfavorable or ambivalent
to others. Industry applauds Government information systems de-
signed to provide scientific andtechnological data because they have

helped to solve existing problems and helped to avoid duplicative =~

‘research and development. Industry’s preference is for information . -



systems narrowly concelved that provided in- depth coverage of & ﬁelcl
- or discipline rather than data centers broad in scope that tend toward
“superficidl coverage (see p. 159)."
ossible expansmn of Government act1v1ty or reportmg requn'e-
ments met. with disapproval unless limited to data collection and
dissemination. Several ' corporations evinced concern that their’
commercial technology’ intermingled- with ‘Government . contracts
Cwould become subject to reporting requirements. Contractors feel ;
. ‘that. the sophisticated character of NASA tfechnology normally o
. necessitates substantial development costs before 1t would. be useful _ —
" in the commercial sector. :
Some, of the same. corporatmns that made those . observatmns also
- indicated that their Federal research programs and commereial pro-
grams overlapped - considerably. - This -would. present. -a: difficult
Eroblem to. anyone trymg to trace technology tranefer w1th1n these o
rms .
-The: corporatmns raisea cruc1al questlon If Government—sponsored
technology normally ‘requires additional. development before it can -
. become commercrali';r useful and if the cost involved acts as a major
- constraint on the utilization of this-technology for commercial pur-
. poses,.then should the Federal Government provide further financial
. support in those cases where additional development costs are ]ustlﬁed .
by high potential benefit? = -
‘The transfer of technology from Federal mlhtary-space programs
- to commercial application is intrinsically inefficient compared to
directed research and development sponsored for specific purposes by
industry. Only the massiveness of the recent Government investment
makes:-the promise of private sector gains pcssxble This point is.
.. important for foreign- countries who hope to attain “technological
. maturity. It-also means that the surest way to increase technological
- change is to provide incentives and remove disincentives for all. of
A&nencan mdustry to make pnvately funded smentlﬁc and engineering
efforts. :
‘Further . attentmn to federally generated teehnology (beyond'
grlma,ry mission applications) may Well produce the follcwmg contn-
utions to:the economy: -
“Direct transfers of packaged technology, such a8 an'planes or
computers et .
Tangible or intangible spmoﬁ' apphcatmns in: other industries.
.. Multiplier effects of Government procurement in highly tech-.
= n1ca1ﬁ ds. .
- Stimulation of basic science via feedback from apphcatlons of
" new technology.
. New processes and techniques, new products, and devices to
. replace former methods and provide capabﬂltles not prevlously .
‘available. I
Cost reductions in goods, processing, and. services.
Increased availability (and lowered cost) of radical or ‘exotic:
instruments, equipment, and materials.
Management techmques for complex technologlcal prOJects and
systems.. o
The means of obtaining thiese benefits is & vital national issue that
- needs to be thoroughly stud1ed and dlscussed by the pubhc and pnvate ‘
' Sectors . :




POLICY 'PI_;ANZ_N’ING’ FOR TECHNOLOGY TRANSFER
OONCLUSIONS

The a,nalysm of 1nformat10n in thls report. shows the follow'mg

relatlonsh s-in technology transfer: - .o
: ublic funds generate -about two-thu-ds of the a,vallable s
S technology and the -Government has a responsxblht.y to get full‘ o

benefits from' this knowledge

2. Pederally derived tec %mology has- a precmble utlllty to
. industry and to other public programs at: alllievels of government.
- Well documented “‘second apphcatlons” are’ appearmw mth m-'
creasing frequency. ‘

< 3. Therefore, ¥ederal -Government efforts are wa,rranted in
: dewsm% and operating programs to make thls technology readlly L

available to- all users (see p. 58). . -
“4. The private sector innovation rate is: aﬂect.ed by a chmate '

* of which the availability of technology is an important part. - .

“Traditional -sources of technology need to be e\pa,nded beyond;
the permanent staff capabilities of many firms. - :

5. Reeducation and counseling as to the technologlca,l needs of ’
‘industry are necessary before strong demands for new 1nformat10n '

will-arise. - The Federal Government can logically participate in :

- technical services but local and individual initiative will be most

- important in recognizing the potential for technology trahsfer.

. ..6. At the present tlme, there is no uniform pohcy or practice
- among Federal agencles as to technology transfer. The NASA
| and -AEC -pursue a central-agency concept of collecting -and
disseminating technology. The DOD makes no spécial effort
for the ‘transfer of its majority share:of Government-sponsored
technology. The Office of State Technical Services concentrates

_on-identifying user needs.-. The clarification of Goverhment .

“responsibilities, including patent policy for R. & D. contracts, -
is essential to any expanded fransfer programs (see pp. 121 and 138).

7. Additional public discussion and formulation of opinion

~ from both private and public sectors is necessary before detailed
.. policy planning can proceed. The lack of “feed back” response -
- from users of new technology makes difficult the evaluation of any

- particular transfer method. Ongoing Federal programs should

be examined more 1ntens1vely tor ewdenoe of acceptance and
.efﬁclency . ;




II INTRODUCTION—FROM SCIENCE TO SALES

The Senate- Select Committee on Sme,ll Business has esta.bllshed in
its Subcommittee on Science and Technology, a means of studymg
- the relationsbhips of research and development activities fo American
" business. One of the most intriguing of these interactions is the flow
- of scientific knowledge from the early stages of conception through

. invention, innovation, and diffusion to the final result of profits in the
free-enterprise system In order to characterize and understand the

~ -, complexities in moving from.science to sales, the subcommittee has

undertaken an_extensive investigation of the current policies and
" practices in dealing with technological information, both in the Federal

Government and the private commercial sector. The goal of the -

o study is.to assure the maxm:lum utlhzatlon of technology from federally
- sponsored R & o X programe :

A OBJECTIVE OF THE REPORT

As ‘a background for the mvestlgatlon, the Science Policy Researeh
Division of the Legislative Reference Service in the lerary of Con-
. gress has been asked to.prepare this report: . The objective is to- de-
scribe the ingredients of the technology transfer process, the present
Federal agency policies, attitudes, and activities, and the relévance of
the subject to national economie goals, Through analysis and under--
standing. of  existing programs, -the Congress -should. be in a. better
_position to assess the adequacy of present policies and to plan & course - -
- -of action for the future which will nieet the requu'ements of 8 society
moreasmgly dependent on science and technology.

President Johnson has said that “the test of our generation ~will not:

_be the accumulation of knowledge * * * our test will be how well we.
apply that knowledge for the betterment of mankind.”  (September

X.l 1965 upon s1gnmg Pubhc Law 89 182 the State Techmoa& Serwces :
ct

' here are: methods and techmques in thls a,ppheatlon Whmh can be
studied systematically. - Theidentification and description of busiress

- problems in terms of the technology which might be used to solve .. .

- them is a major factor-in-application.. The process may be speadad

up and made more efficient, Both government and industry share a .~

. responsibility to develop the optlmum system for technology utlhza.-
'tlon
. B. THE OALL FOR- OLEAR GOVERNMENT POLICY ‘

The 1ssue of the Government role in technology transfer has been-

recoghized in recent statements by leaders in science, industry, and .

‘government. Harvard’s. Dean Harvey Brooks, Chairman of the.
National Academy of Scienceé’s Committee on Science - and Pubhc:

: . Policy has called for a Federal policy statement:

Buch a sta,tement might begin with an affirmation that, a rapid raté of tech~

R nologmal mnovatmn lS an 1mportant 1ngred1ent of economic growth, a,nd _that.

w 45.‘_ S
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I POLICY PLANNING FOR TECHNOLOGY TRANSFER

henceforth Federal dgencies engaged in the support or conduct of R &D. should -

attempt to shape their_policies with due attention o their economic impact—
including particularly the horizontal transfér of technology from the 1mmed1a,te
purposes of the ageney to other purposes and to-the civilian cconomy.

The - National Commission on Technology, Automatmn a.nd Eco-
nomic Progress concluded that:

The: transfer of technologles developed in’ Federal laboratories and a,gencles
for industrial and consumer use requires a more forthrnghf: s,nd umﬁed Govern-
rient poliey than exists at present.?

.The U.S. Cha.mber of Commerce said recently

" “When ‘economic growth is the maJor concern, industrial mnovatlon, commer-
cialization and the building of proprietorship must be encouraged. This encour-
agement can be much better accomplished by Federal efforts to relieve the con-
straints currently inhibiting investment by industry, than by large expendltures
in federelly sponsored programs.?

Dr. Richard: Rosenbloom, in his report. to the N atlonal Pla,nmng___) .

Assocmtlon concludes

.Technical information has become one of t.he most 1mportant factors -of - produe-
tion—next to the classical factors of land, labor, capifal, and management. . This
factor must be the concern of a government charged by law with the promotlon of
condmonS favorable to eeonorme g'rowth and the creatlon of employment oppor-

- tunities. .

. President Johnson in transmitting the 16th Annual Report of the '
Natmnal Science Foundation, stated:

<'T'o be fruitfal, scientific and teehmcal mformatlon must quwkly reach those
who can use it. As the volume of research results rows, this becomes harder to
achieve. Buf the stakes are well worth the effort. Every increase of 1 percent in
the efficiency of our $22 billion public and private research and development
programs is worth $220 million per year. The Foundation will, therefore, institute
new programs to devise itnproved systems for handling scientifie. information, and .

will work with other Government agencies to establish standards for Federal
technical information programs.f

As yet, however, 1o one has- presented det.aﬂed proposals for a
governmentwide pohcy Policies tend to evolve, whether by design
or in a backward fashion; from praétice. - A planned policy has the -
advantage of considering all the elements of a system and their inter-
relations. Policy is & prime tool of management, and technology-is
& national resource to be wisely managed. The subcommitteels .
mvestl%atlon will examine present policies and practices to create a
sound asis for unproved pohc1es for technology tra,nsfer TR

C SCOPE AND \’IETHODOLOGY

_ " The present st.udy was announced to the Senate on Ootober 17
1966. Senator Jennmgs Randolph said: ‘

Toda.y, I call attention .to a study that -our subcommlttee has mltla.ted and
which we believe will be of far-reaching benefit to small bu==1nesses and to the
continuation of dynamic national economie growth.. . :

The subcommittee is making a comprehensive study of the transfer and utlhza-
tion of seientific and engineering knowledge Whlch has been gained as a result of

1-Before a conferané:gﬁ on teehnology transfer and lnnovatum, The National Planning Associatlon, Wash- S

ington, D.C., M
H “'Peo;hnology and the American Xeonomy,” Report of the National Commission on Teehnology, Auto-
g%ion %ndhﬁﬁ:tuomie Progress, and Appendlxes, vols. T through VI, February 1986, Government Printing
co, Was on
' 1 “]C_)néena for Federa.l Bupport of Research and Dovelopment 8 VN Chambar of Commerce. Washmg
ton, : -
4 Rosenl:.loom Rtichard 8. Technology Transler—Process and Poliey, July 1965, Na.tional Pla.xmmg ‘
Assoclation, Wash{ngton D.C.
- Ma Cangreasmnal Fccord, Apr. 6, 1967, p. H3648.
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the vast Federal research ‘and development programs The questmn we will
cndeavor to answer is: How best can such new technology be most expeditiously
and efficiently woven into the fabrie of industry smd thus into the produots and
services svailable to the American consumer?
' As'we know, the road between basic scientific resea.rch and consumer sales. 1s,
lon and extremely complicated. . When there is' an intervening conversion of seci-
entific knowledge into purposes other than that for which the research was princi-
© pally. mtended, there i an added d1men31on of difficulty.s

"This report is-intended to prov1de a- background for subsequenb
public hearings which will aid in establishing future policies for Federal .

. _technology transfer. “The framework within which science and tech-

nology interact with economic and social factors is described. . The
- process. of technology: transfer has been the subject of considerable .
study in recent years. A summary of the generally accepted points
of v1ew is. moluc'?r d as well as the conflicting interpretations. Tech- -
‘nology transfer is related to other factors in.Federal research and
development funding mcludmg patent pohcy, distortions of  total
scientific effort and the private ‘sector performance. The- leporb'.—-
idéntifies and analyzes 1ssues for further: cons1derat10n in pubhc;

[y hearings.’

© " "The report concentrates on the tmnsfer fo the business commumty of
technology resulting from large Federal R. & D. programs. It also con- -
siders the broader context of transfernng technology regardless of
source to serve Secondary needs in other governmental programs and
in’industry. Ultimately, the subcommittee wishes to suggest policies

which_will assure that the knowledze derived from federally funded . '

R. & D. is utilized to the fullest possible extent, not only in the private

consumer’ orlented economy, but for the beneﬁt of other pubho

programs. .
The question of mechanismis for the handhng of scientific a,nd techni-

- cal information is not a major concern of this study although it is recog-.
nized that an adequate system must exist if technology transfer is to
_steceed, The allocation of scientific resources to avoid gaps or

ovorlaps and to serve pubho and private purposes most efficiently is
an ‘important and contmumg mterest of the Congress but 1s not
: ‘exa,mmed extenswely i thls report. -

D SOME DEFINITIONS T

Technology is knowledge about the ‘industrial a,rts, 1t is the way

- seience is ‘used to benefit society.  In the course of scientific and:

_ehgineering: activity, ideas are subjected to experiment and concepts
become tested theories. Techniques and devices are developed and
. demonstrated. = This experience and lore, the ways of doing things,

* . thé elements of information and experience, are a part of technology.

3 R 5Congrassional Record October 17, 1966 P. 26199

"The models and procedures of the research laboratory, and the inven-
.tions and imaginative solutions to problems, form bits and pieces of
. technology which can be ﬁtted mto mosalos of new products processes;

: and services.

Technology tmnq;er is the use of knowledge to serve a purpose other
* than the one for which the R. & D. was undertaken. Such additional
beneficial application is desirable because the cost of the resedrch: has
X elther already been written off, or thus may be spread over a broader

77-—217 0—87——2
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“basé of proﬁt return.  But the second 11t1l1zet10n most probebly mll:- '

© occur in-a situation removed in time and place from the origin of the

téchnology. So collection, packaging, and transportation charges '

constitute a proper cost to the system, whether the knowledge is

provided ‘gratis or not. Technology transfer involves. an. _exchange.

process where money, time, effort, and risk are tendered for new facts, -
A current and tfrplcal example of the direct transfer of Government-

spor;sored techno 0gy is & news story Whlch eppeared in Februe.ry_

- 196 : : '

Gas FurL - CELL PLANNED AB ELECTRIC COMPETITOR

CrevELAND (UPL) —The gas mdustry says it will take a page “from spece" S

technology to develop a natural gas fuel cell it ‘hopes will edge the electncal'

i power industry out of competition. o
- East- Ohio Gas Co., its parent company, Consolidated Ne.tural Gas, and 20 :

other gas utilities announced a 20-million, three-year research contract has been
awarded to Pratt and Whitney Aircraft, » division of the Unitéd Aireraft Corp:

The fuel cell could be compared to a storage battery that never needs recharg-

) 1ng, according to a spokesman. . He said it should generate électricity for all needs.

*We are building on experiente Pratt and Whitney has gained in fuel cell power -
lants in the government’s spate explora,tlon program,” said G. J Thankers]ev,'

Kast Ohio Gas President.s L

Descnbmg the movement of technology is mede convement by

* imagining a. three dimensional transfer space.

Technology is transferred oertwaZly within a development program
when an idea evolves from discovery, through .invention, through
prototypes, and through engineering to an operational system ‘The
new. knowledge flows from the research laboratory to substantiating
tests, development, and: evaluation, and finally into manufacturing,
processing, or service. The Vertmal transfer involves many persons ;
“and organizations even within one firm. -

Technology is transferred horizontally when knowlédge moves from
one field of science or industrial sector to anothéer.. Horizontal trans-
fer is characterized by diffusion of inventions and techniques through-
out the economy. Diffusion can occur at any stege o% the vertical
process, from mew idea to completed development. Therefore, the
source of knowledge for technology transfer is mot only the resera.ch
laboratory but wherever ingenuity is manifested.

Eric Jantsch; consultant to the Organization for Economw Co-
- operation and Development ‘has ‘suggested the completion of the

“transfer space’ by the addltmn of a third dimension.” . This would
‘represent the interaction of technology with nontechnologlcal factors.
s‘(,uch as n;arketmg, social mstltutlons, current events, “and eeonomms
" (see p. 65 o
ngtorlcelly, the organization of our. economy ‘has promoted oertz- -
cal technology trens% Research and development. programs are
planned with & goal and » timetable in mind: Except for truly bae1c
and fundamental research, personnel are alert to application require-
“ments, New knowledge is efficiently tailored and developed 10 meet
the mission needs. ~Horizontal transter has occurred haphazardly and.
slowly via movement of people, téchnical literature, professional meet-
ings, marketing, patents, and, of course, the entrepreneur It requires
imaginative, energetic receptors who can percewe otherw1se h1dden
relevance and. promise.. _ . g
¢ Washington Star, Feb. 9, 1067,

7 Jantsch, Erie, Technological Forccasting in Perspective Otgamzation for Economxc Ccoperatmn and
Development DASISPR;‘GG 12, October 1066, Paris, p. 1
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Th1s study is prlm&rlly concerned with horizontal transfer from
. Federal R, & D. performers to other concerns and across indusiry
boundaries. N evertheless, the total, three-dimensional movement of
scientific knowledge is recognized as the framework for ultunete gams
to socmty )
Potentially useful new technology The “orgy area’’ of 1nformat1on
between scientific. facts snd hypotheses, and- patentable inyentions
~should contain useful bits and pleces of techmcal knowledge. Because
of the reporting requirement placed on’ contractors by NASA, the
agency ‘has had to define reportable new technology: ‘
A “reportable item’ is defined by the Space Act ag “any mventlon dlscovery,

improvement or innovation,” whether or not patentable, that is conceived or
first reduced to practice in the performence of work under the contract. Items

-: intlude;, but are not limited to . .. “any new or improved techniques, products;

devices, . materials, processes, composmlons, systems, - machines, apparatuses,
articles, fixtures, tools, methods, or.scientific data.’”  Seientific and technical
computer programs, for example, are reportable 1tems
“You should concentrate on reporting— N
Any invention that reasonably appears to be peten’o&ble ' ’
. . Any other invention, innovation, improvement, or dlscovery for whlch there
“may- be use in the general economy.® .

' The amount of this technology is estimated by NASA to be from'
one-half to one reportable item per man-year of R.'& D. effort. Ttis

estimated: -that 500,000 -scientists and. engineers: do resea,rch and .

development. work and about two-thirds of the total R. & D. in the
United States is funded by the Government.. Thus, on a rough basis,
170,000 to 340,000 reportable items subject to Government processing .
- would be generated each year—a substantial task in informgtion.
' ha,ndlmg -The current. NASA: program is ‘issuing about 3,000 “‘flash
sheets” per. year Avhich represent - screened items. deemed - worth
dlssemlnetmg - These figures ma; ‘be compared with the estimate of
2 nlnlllllon primary sclentlﬁc ertlc es a.ppearlng 1n 45 000 perlodlca.ls
- each year. )
" Federally eontrolled technology The bu]k of recent research a.nd
, develoPment in the -United States hasbeen sponsored by Federal
- ‘agencies. through grants and contracts. = The nature of the work and
the field of science are dictated by national goals which are converted

S e -agency missions. The R. & has been guided by Government

monitors. The new technology which results lias been paid for with
- public funds. Tt isused or discarded or preserved largely under the
" authority of the agency although theoriginating laboratory can initiate.
certain %ssemmetlon actions. ' It may be retained by tge performer
ag an unpublished, -unreported trade secret. The technology is
-Giovernment controlled, not in “the sense - of undue restriction but,
because justification for the R. & D. lies in the: agency mission as’ does
.. Tes ons1b1hty for any subsequent collectlon or processmg of the new .
- .technology. = ..o v '
- Without some overt -action on the part of the Government it is very :
.. difficult for any interested organizations (other than the performmg
. ldboratory)  to: ecquu'e ‘the technology. S

e Management Guidelines for New Technology Reporting to NASA NHB 21701 October 1966, p 5
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SR, NECESSITY Is THE MOTHER OF INVENTION

The hter&ture ooncernmg technology transfer is extenswe K -
Articles, testimony, reports, theses, and books appear every month to
abalyze or interpret the complex1t1es of using new technical informa-

-tion to obtain economic benefits. It is somewhat disconcerting to -

realize that the sum and substance of most of this scholarly treatment
was first voiced by Plato in “The Repubho” about 400 years before
Christ: “Necessity, who is the mother of invention.” _
Need, recognized and felt, is a driving foree for the acquleltmn of all
the knowledge and other resources for its fulfillment. New scientific
" facts themselves will seldom be sufficient to ¢reate economic growth.
And yet invention must have other forebearers beside necessity if it is -
to amount to snything more than an incremental advance from the
ordinary. - The inventor will do better if he has ready access to-the
greatest possible amount of information.  Without str&mmg the
metaphor, necessity becomes more fertlle in a rich envu'onment of
facts, data, and experience, _
Technology transfer works to 1mprove the rate a,nd qua.hty of m-
novation and invention.

The test of an invention is whether it Works a,nd 18 proﬁtable, not o

. whether it is understood. But the impact and value of inventions is-
" likely to be greater when the underlymg science is established. . And

as avilization becomes more complex, inventions:which truly  con- B

tribute to-progress are dependent on intricate technical rela.tlonshlps
Inventions in the 18th and 19th centuries were.made largely without
understanding. - For- example, iron and steel making developed with-

“out knowledge of the relationship of small changes in chemical com- -~

position to the strength and properties:of the finished metal.  Since
about 1920, research and development specifically. directed toward
* product or process improvement and invention has become the drga-
' nizing influence on technology. Industry has recognized that invest-
. ment in -scientific activity will allow the design and tailoring of new -
products and processes toward predetermined goals. - Science and engi-

neering effort is an . eﬁclent and predlctable meoha,nlsm for ach1ev1ng'__- -

- industrial progress.

In the future it seems hkely that technology transfer w111 become -

" s complement to planned R. & D. as a resource for invention. -Tech-

nology already .created in another field may be as new to.the a plica- =+

tion engineer, inventor, or.innovator as the knowledge from directed
experiments in his own laboratory. If the transferred technology can
- be selected, packaged, and transported as cheaply as new knowledge
can be created, it becomes a competitive source of ‘invention. The.

large amount of accumulated technology ready: for transfer compared =~

with the amount of current directed R. & D. is a recent occurrence.
. "The impact of technology transfer on invention and innovation has. "
not yet had time to be effective. Transferred knowledge could lead

to a-futuré acceleration and improvement in innovation which would

" be as great as the applied science xmpa.ct of the past. 50.years,

® AN annotated bibliography .on technolo%lmal change; transterrmg milifary and space technology to
industry, the environment for innovation, and the economic effect of technology transfer has been ’I?gel?;{edl
chhica,
Infoni:luition Technology Transfer and Innovation: A Gulde to the Literature, Angust 1966, PB-—I?O—GQI



o III QUESTIONS BEFORE THE CONGRESS 7
The report suggests the followmg questlons for further st.udy m' '
public hearings or discussion. -They are presented in mo_particular

order of importance nor do.they carry equal weight in influencing

future: policy planning for technology transfer. The questions are

- . not-all’ within' the jurisdiction of the Select Committee on Small

Business and it is obvious' that broad consideration by the Congress

- will be required before the i issue is resolved

A Economic growth . e et
1. Ts*the Nation satisfied with’ the present ra.te a,nd dlreetlon of

s \eeonomle growth?

. 2:Ts technologwal change occurring at an a,pproprmte ra,te‘?
. What' information is needed to know: the desirable rate? What in-
. formation is needed:to show the net oontrlbutlon of new teohnology
-to économic growth?

3. Is new technology ava,llsble to mdustry of the rlght sort for the
. desired- growth: fate and diréction? -~

.. 4. Are nontechnological problems se dominant in sconomic growth
) that techinology availability is relatively unimportant?

5. Is the typical small manufacturer capable of- sssn:mlatmg trans-

: ferred technology? What are the. 1ncent1ves and . disincentives for
~innovation? '

.. 6. To what extent is the future of ‘the siall business concept in the

: _Umted States dependent on the sb]hty of these firms to absorb and
. use new technology? '
7. Which industries are hlghly dependent on new: technology‘?

o -:B “Federal sponsorsh@p of B & D.

1. Have Federal distortions of the total Unlted Ststes R & D
pieture caused: civilian 1ndustry to have less teohnology a,t 1t.s dlsposel‘ .

L than is desirsble?

.7 2. Are militery, atomic, and space R & D. the only Federal
technologies which should be' the subject of overt transfer efforts?

. 3. Should Federal R. & D. performers (intramural or private sector)

take technology beyond mission requlrements to :X stage Where it is

more readily transferable? -

.G Locating technology for transfer”

.+, 1. Should new.technology reportlng ola.uses ‘be_ in all Federal o
o 4_lcontra,etS"’ L

2. How should reporta,ble item looa.tlon costs be paid for?
3. Should Government "personnel be responsible for -locating
transfersble teehnology in contractor la.bora,torles'? In Federal oontra.ct

. research eenters?:

E HOW?

4. How can contact between the orlgmator and the user be estab-
lished and paid- for? Should the inventor beeome the transfer a,gent‘?
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5. Should a professional sclentlst or engineer feel as much obhga,tion
to report technological items as he does for scientific deta? “How
can a reward system be established to motivate this action?’

D. Processing technology Jor transfer. . - :
1. Should processing ‘be centralized? In one a,genoy‘i' In one '
location? Regionally?, :
2. How. can . technology be mtegra,ted mto an evolvmg Federel‘
solentlﬁc information system? Into the present system? '
- 3. What are the pros and cons of a private processing system‘?
4. Is the retrieval process now so.complicated and time consuming-

that accumuleted tec noIogy is not.an attractwe source of 1deas for-_ .

“innovators?

E Dissemination of tecimology

1. -Are reglonal centers .for - specially de51gned geogra,phlcal areas '
prefera,ble to one in each State? o
2. Can industrial fees be e %)eeted to-com letely support dlssem-
ination efforts?. What parts of-the process s]??ould industry pay for?
+3.-Is ‘the bottleneck m applying new technology in the business

~sector? Is it in the lack of proprietary protectmn given by Federal o

policies for nonexclusive access? ‘
4. How much aid in need 1dent1ﬁcet1on and in epplymg Federal' '
technology should the Government provide to individual firms?

5. Should small business be the.special reclplent. of tra,nsferred_ o

technology‘? Via an SBA program?

F. Cirrent Federal transfer programs - L
- 1. Is there sufficient reseerch on the process— replacing 'an‘eedotes"'

: wrt.h facts™?. E
2. Are there meanlngful measures of the success of awenoy experx-'

mental programs? Over what timespan? '
3. Should the AEC; NASA/ and De ﬁertment of Commerce pro-

grams be cootdinated more closely‘?

_agenoy " management?

1 put under one cep‘ping

-4, Is-the DOD pohcy tonra,rd techno]ogy transfer meonsmtent w1th .
" - national objectives, stated or not? S

5.. What group, within the executive branch should emerge as the ;
point of contact for business in acquiring new. technology'f'

6. What should the ‘“White House superstructure for science a,nd' o

technology’” be responsible for in technology transfer?
7. Could a_comprehensive private sector transfer program teke
-over some or all of the functions following collection of the information?

- 8. Does the uncertainty of annua,l Federa.l fundmg 1nh1b1t Govern- L

.ment transfer programs? -

G. Releoa,nce of federally controlled technology ST
- 1. How does the relevance of this teohnology 1o cnflhan uses vary
among Government programs? : :
2. Can relevancy E?e judged at the point of orlgm" : L
-3. Is there enough obvious relevancy to pay for special 1dent1ﬁca,~

tion work at the originating laboratory or should the processmg syatem o

aecept unevaluated items? -

4. Should the Government make efforts to pull together the avall- -
“able technology which might apply to evolvmg publle needs (ie., alr
pollutlon mags transporiation, ete.)? i
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H: Nongovernment attztudes : _
1. Does industry, as a whole, ev1dence a desire for mcreased Federai

" transfer. efforts? Are there certain industrial segments which need

~ Federal- aSSIStauce and are they lmportant enough to ]ustlfy a compre- ‘

- hernsive program?

2. What would be the consequences of not pursumg a Fedelal -

. technology transfer program? .

. been suggeste

3. How would unrestricted dissemination of new technology conﬂlci;
- with the U.8, position in international trade? Should other countrles
: be a,ble to tap into & pnvately operated system‘? _

SUGGESTED TRANSFER CONCEPTS

i.During the reparation of this report a number of concepts ha.ve
c}) w%mh would apply to. part or all of the technology.
- transfer process.. - Some may- be  supplementary: to present pro-
‘grams while - ‘others are possible alternatives. ~In order to prowde‘
) stlmulus for furt.her discussion they are summarized below. No
- particular merit is attached to any of the ideas at this tlme &lthough :
some are clearly worth exploration in detail. - '
1. Sustaining grants for local transfer activities by nongovernment

e organizations such as the independent not~for-profit research institutes.

2. A Government agency called the Institute for Advanced Tech-.

- nology to- perform and/or contract for the development and demonstra-
... tion of promising innovations for selectéd civilian purposes.

.. 3. Greater support by all agencies for an expansion of the services
of the Clearinghouse for Federal Scientific and Technical Informa-
tion. This includes the prompt and complete release of all possible.

. technical documents. Addition of personnel for preparation of selected -
e '_b1b110 aphies and survey reports is suggested.

4, Use of the Federal Contract Research Centers as technology
_transfer institutions, and as applied research or _demonstration

" laboratories. L
N 5. Special packaging for dissemination of federally controlled tech- -
. nology which may be applicable to newly recognized pubhc needs

e g., pollution abatement or crime prevention).
6. Making the Department of Commerce the Federa,l focal pomt

¢ ':---4for new technologically based enterprises.

‘7. A “middle ground” knowledge-transformation industry may de-

L velop to provide transfer services for a profit.

8. Every firm, large or small, which needs new technical informa- .
. tion should establish a “technology prospector’” within management

o to SBI'VB as . a transfer confact and as an active seeker of Federa,l
.~ services.

9.”A “Project Foresight” to expand Federal R. & D. beyond im-
: medmte missions to refine and develop technology for possible com-

L merolal application.

'10. Providing more lngh-nsk capltal to. innovators through the -

Sm all Busmess AdmIBlStr&thIl

11. A National Library for Smence and Technology with reseerch

~+ and reference services.

' 12. The use of Federal Government procurement standards to:
‘ prov:ide 8 ma,rket for mnova,tlons ‘ :
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13. Estabhshmg a uniform pohcy in all agenc1es for the a,bsolute'
necessity to transfer scientific and technical information.:
. 14. An industrial extension service pa,tterned after the agrlcultura.l'-
- extension activity. .
15. Additional emphasls for the Science Information Exchange '
“{Smithsonian Instltutwn) and the National Referral Center (lera,ry

 of Congress). S
- 160 A centrahzed monltormg and coordm&tmg oﬂice to supemse

the transfer activities of all agencies.

17. A training program for transfer agents, trainees to come. from :
industry and government.

18. A White House conference on “Understandmg and Improvmg-‘ e

the Environment for Technological Innovation.”

-19. Making Federal R. & D. facilities available at. rea.sonable cost
 t0 individual ‘and small business innovators. . :
20 Providing the services of Federal - ]a.bora,tory smentlsts a,nd' '
engineers as consultants or'transfer-agents for their own ideas.- L

~21. Providing Government support for. professional journals which'
will judge the: quality, relevance and-utility of new technology. and-"
' Whmh Wl]l pubhsh such materlal for technology transfer purposes




o IV CONGRESSIONAL INTEREST IN TECHNOLOGY AND'
R T THE ECONOMY . '

The study of which this report is a part represents the ﬁrst com-
- prehensive look at technology transfer, per se, which has been under-
~taken by the Congress. However, there has been.a continuing cog- -
nizance of the importance of science and technology to the economy
extending back to the post-World War II years. Technological change

. affects the rate of economic growth and the oomp051t10n of economic

strength. Governmental actions which impinge on technological
- change include tax policy, antitrust laws, patent procedures, new

- mvestrnent influences, tariff agreements and many other incentives

or ‘disincentives to- innovation, Appropriate congressmnal commit-
- tees have exercised an, oversaght role in, ell of these areas of mteraotlon'
“and continue to' do-so. = :
‘One of the most important Federal Government pohcles for teoh-
nological change has to do with its own involvement in scientific
research and development. Although these funds: are- clearly author- -

¢ jzed and approprmted for support to agency miissions, the Congress

_ " has recognized their impact on resources and on the economy. The
. following paragraphs present some h1gh11ghts of recent reweWs by

- the 1eg1slat1ve branch

P A THE SENATE SELECT COMMITTEE ON SMALL BUSINESS, 1963

\ - Heapves = .

In 1963 durmg Mey, June and December, then Senator Hubert
o 'Humphrey held hearings on “The Role and Effect of Technology in
-the Nation’s Economy.” . Now, 4 years later, these hearings-and.

N " the appendixes of relevant material still constitute an accurate and
~.. . rather complete-discussion of the sub;ect The central issue is one
- of decrdmg the Government responsibilitiesin its domma,tlon of screnoe_

‘and engmeerlng activity.
Senator Humphrey. * ¥ # T thmk the mest 1mporta,nt pomt ‘that we seek to

T analyze or study is the effect of these R & D contracts or the eﬁ'ect of thls great
: ._research upsurge upon the total economy A

The toplcs covered meluded the supply of scmntlﬁe and engmeermg '

-  manpower; the effect of R. & D. on the universities; the effect of
" ‘technology on unemployment; the statistical correlation of R. & D..

'expendltures with gross national product, Federal budgets, and the .
owth of certain industrial sectors; the distribution of R. & D. effort
etween -military-space programs and civilian commercial activities;

"' the geographical distribution. of R. & D.; the problems of:small

business in participating in R. & D.; the creatlon of centers of excel—

- lence; and foreign R. & D. progra,ms

. Ibid,, . 22

e U, Congrefs. Sennte SeIeet Committes on Small BuSLness The Rols and Effect of Technelngy
" in the Natlons ‘Ecohomy. A review of the Niffect of Govemment Research and Development on Eco
- nomie Growth, Ssth Ceng .» 15t sess. (pts. 1—6) )




- ernment work,

16 ° POLIOY PLANNING FOR TECHNOLOGY TRANSFER
- | 1. TECHNOLOGY TRANSFER o
The technology transfer issue emerged in terms of information dis- -

semination, the “fallout” possibilities, and the “climate” for innova-
tion and diffusion of new products and processes in industry.- Dr. .

Jerome B. Wiesner; then Direc_tor,_of‘the _O_ﬂ'lce of Science and Tech- - '

nology said: *?

T believe that our past and present envirornment reflect policies and decision- .
making practices which may often inhibit the fullest commercial use of technology
already available in the research laboratory. -1 ain suggesting, therefore, that the. -
problem faced by industry and Government—and by your committee in these-
hearings—is not. only one of guiding allocation of scientific and technological
resources o as to create:new and needed knowledge, but equally one of removing. -

obstacles to the commercial utilization of such knowledge. _

~The possibility of direct application of devices or techniques de-
" veloped in Government, defense, space, or ‘atomic energy programs
to the civilian economy (“spinoff,” “fallout,” “spillover’”) was shown,
_ to be remote.® This is because of the differences in problems and
" needs between the two areas; so it is.not surprising that the solutions -
for one would not often fit the other. Ocecasional specific ingtances of
direct transfer can be identified but these.are not of sufficiént fre-

quency to contribute to the original justification for the government - -

work, Even within a single company, transfers are rare between .
divisions manufacturing civilian goods and. others engaged .in gov- -

Less direct or less tangible transfers were also infrequent, according -
to the testimony. It was suggested that too short a time had elapsed
for much of the military-space technology to show up in civilian goods -
and services. . - U TP SR

The contrast between successful applications resulting from- tech--

nology trensfer and those from conventional research toward stated -

~ goals was deseribed by Mr. John H. Rubel, then Assistant Secretary -

- of Defense: - . : S T RN LB
%% # the deliberate diréct application of science and technology to known
tasks is by far the most efficlent and direct way to accomplish-those known tasks.4 |

. 2, INSTITUTIONS INVOLVED--. " - - S o

Various parts of the sequence of events leading from science to- .
sales are usually separated in time, and as to the institution which
holds the technology. Universities are the source of much scientific
knowledge, but are often uninformed as to the current needs of busi- .

ness. . -Research in one segment of industry may have no clear trans- . -

portation mechanism into another. where it would be useful. A
greater emphasis was called for in applied research institutes fo tie
1deas to needs. . Dr. Jesse- Hobson (then of Stanford Research Insti--
‘tute) said: o ‘ . O T I TN

" We have 4 'spectrum uow, T think, of ¢ institution of higher cducation; the =~ -

ingtitution of very advanced research, the institution of applied research.and,
finally, the ultimate user of all of this technology. If some of these pieces are -
misging, then we aré not going to have a successful transition of seience and -
technology into profits anc% economic development.i® B
Cuinldgpegls, S R AL
13 Tpld., pp. 22-80.

- UWTpid., p. 23..
B Ibid., pi 5T,
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Sena.tor Humphrey * & l‘n is a matter of growing concern—and it surely
should be—ithat vast numbers of people who are highly trained, extremely able .
in terms of intellectual capacity, are lving in aud Workmg in an envxmnment
. which' is removed from commeroial life.® = -

- Dr. Richard S, Morse, former Ass1stant Secretary of the Army said:

k% *.We have g la.rge segment of companies in our country who have never
known anything but operating undeér the Federal budget and know essentially
. noth.mg about a competitive .commereial business,'? .

The dlﬂicult.y of the universities’ ma,kmg a direct contribution to
. industrial technology was discussed by Dr. James R. Killian of the

- Massachusetts Institute of Technology:

C Dr. Kineian, I don’t. think -that universities in their functlon of conductmg

... basic research ean mnake, necessarily, s direct. contribution to’the development of

the civilian consumer-oriented part of the economy, but I think they ean, in-
directly, through the people they train and through the new technology that
comes out of their basic resesrch, make a very great contribution Liere. T think
it is of the utmost importance that we have & relationship between our univer-. .
sities and the industrial community that makes available new ideas coming out of’
_bagi¢ research rapidly that industry can employ to the strengthenmg of their
competitive consumer developments. - :
* ..I have a personal feeling that we may be in a mtuatmn now where the clwhan
. .consumer part of the eesnomy is not having the application of manpower-and .

s } mnovatmn that it really needs to push ahead, with some brilliant exceptions s

.. The conclusion from this testimony was that certain U.S. industries
- were lagging in applying new technology. One of the principal

reasons was that SU.GII; firms were not directly involved in research and
development, The applied research institutions seemed to have an
unfulfilled role in transferring knowledge to unsophmtmated firms.
.- The government was seen to have some respons1b1]1ty in assmtmg
' the transfer : , IR

3. INFORMATION PROCESSING

These he&nngs estabhshed the need for improvement in Federa

" scientific and technical information handling, Reports from R. & D’

,programs were found t0 be often incomplete, disorganized, out of
date, and of low technical quality. No systematic dlssemma.tmn
system, or means. of rapid access, was available to other researchers.
These conditions contributed to unnecessary duplication of research
and made secondary utilization of the knowledge more difficult.

o Senator HuupHgEY: * * * this is why I believe the coordination of mformatlon _
through the establishment of regional information centers.on all. of these new
.scientifie, technological -developments is so essential. . The truth i ig that we have
- many examples of where there is-a delayed appllcatlon of a machlne, an. appllance,

. or even: g scientific principle.; - -

.o, the basie principles are pretty enerally knowu and it takes a good dea]. of
time to get the adaptation or the utxﬁza.tmn of the principle it a practical realm.
. I want to say again that, with all the money we are spending on research and

' development it is still qmte shocking. to. me. to see how little attention is being

o _' _ gwen ‘o the proper dissemination ot’ the information that is not classified. 1t

4. THE AGRICULTURE ANALOGY

y At t.he time of the 1963 Senate Select Committee on Small Business
' hearmgs, the Department of Commerce was embarking. on its short- .
hved program of cwllmn mdustrl&l technology (See p. 23.) D
Cnid i . : _ S
. . Ibid, p. 810, . . : L
. BIbid, D. 25,
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Herbert Hollomon Asslstanb Secretary of Commerce for Science and ;
Technology, explamed what it was hoped would be aocomphshed ‘

For exa.mple Addl‘mona.l support for the technology in a local area, at the um- ’
versmy, let's say in textiles and apparel, or the bmldmg and construetion indus-
tries, or.the f60d processing industries, or the various other industries that are
crucial to the development of our economy.  We would hope to do this by stimu-
Iating industrial research. associations to provide part of the funds, which the
Federal Government would supplement, and we also are planning to support.
what is equivalent to an extension-kind of program to bring iechnology te local
industry on a local level and conneet the university that pr0v1des the technical
resources to the industry of the region.

In both cases, I beliéve that the decisions as to how this is to be done shoulcl
be made loeally by people who know what the problems are. i

.But the stimulation and some of the funds should be made avaﬂa.ble by the'
" Federal Government, in no case to provide support for an individual firm, but in
all cases to try to stimulate local initiatives, just as we did-in the earlier tlmes
with respect.to agriculture. | '

ISena.tor Humparey. That is the bcst example that wc ha.ve of apphed tecb- _
nology - . ; :
“Mr. HorLoMox. It is the best example - T
Senator HompeHREY. And by the. way, agnculture has the best‘, rccord of in-

creagsed productivity and improved technologieal efﬁmency Industry looks hke -

- a cripple compared to agriculture,
Mr. HoLromon, People frequently confuse some of the difficulties; that IS, the
iacﬁlfh]at we provide subsidies, with the great benefits in advanclng agrwultural ’
echnolo .
“Thege - two things are nob necessarily connected. The important point hete is
. that the improvement in productivity in agriculture came about through 2 com-

" bination effort among the farmer, the university, the industry, the Federal and .
. local governments. It was one of the most effective mechanisms that I'believe -
we have ever created for the 1mpr0vement and utlhzat!on oE technology in 0111‘A
eeonomy 20 -

"At ‘the same tlme it was recogmzed that agrmultural technology.' e
was common to geographical localities whereas each region vwould con-

. tain many diverse industries so that the information dlssemmatlon
problem was much .more complicated (see P 21)

5. THE NASA PROGRAM

Admmlstra,tor James H. Webb of NASA descrxbed the ratlonale and'
beginning of a technology utﬂlzatlon program to’ fulﬁll a pa,rt of the
space agency charter: :

Mr. WEBB. In the ares of partmula.r 1nterest to thls subcommlttee namely, the .
utilization of science and technology in the economy of the country, we have

vigorously sought those people best qua,hﬁed to find new and enervative [sic] ways
for technology and the basic things resulting from our research which make fpr,,«‘

" . eeonomic advance and encourage people to pick up and use this technology. . * - -
Among other things we asked the Midwest Research Institute in Kansas City,.

which hag for 18 years been doing. research - for private industry and has done
research for some 800 or 900 companies, to 2o to our laboratories, look over the
work that was being done in the space program, and from their long experience
with private industry, try to ldentlfy those thmgs that could be most usefu] to
private mdustry ) . R .
. Now, the Midwest ‘Research Tnstitute did 1dent1fy about 200 items that they
" felt sure from this long experience with industry would be useful. TFifty of these - -
have in o fairly: organized way been exposed:throughout the country to industrial
. peocple, and a good many. of them have started industrialized thmkmg about new
ways and new. processes. .
In a few dramatm mstances, conmderable suceess has been had’ through t.]:us
process. ' But it is an experimental method. T ami not at a.ll sure thls is somethmg

T mmia., pp. 186-187.
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that a Government agency would want to do over o long period of time, but it was
.. one way to get started with the legal requirement that we endeavor to get appli- -
cations of the products of our research. e
Now, in another instance we have started a pilot model of considerable interest
- ot the University of Indiana. We have jgone there to the business school and
. .they have organized an effort in which they take all of our technical reports and
" put them into-a computer storage system, and then they constantly match against =
this pomputer storage of technieal information the needs of 29 different companies
-that pay $45,000 a year to have their needs matéhed against this compufer
.. storage system of technical information coming out of the NASA program. =
Now, this bas only been in existence a relatively shoré time, In the last 3 or' 4
months we are beginning to see some extremely interesting resuits of this. One
new industry is being started out there, a small industry based on a process that
. they identified out of this computer process.? ey

* 6. CORRELATING R. & D, EXPENDITURE WITH ECONOMIC GROWTH .

The o lpgm’dicéé to the hearings included the pi'oceédiﬁgs of & sym-
posiuth held by the National Security Industrial Association, “The
Impact of Government Research and Development Expend_i_tures_on

" Industrial Growth,” March 13-14, 1963.2

““Ome of the ‘areas of agreement among the participants was the
difficulty of establishing cause and effect relationships between
R. & D. investment and economic growth. The time'.defay between
research discoveries and the entry of a product or process into the
market means that current R. & D. expenditures do not affect current
growth. The many factors aside from technology which affect
_industrial change may obscure the relationship. - Thess include com-
manication and transfer problems since the probability is:-low .that
- the original researcher will also be the innovator and applier of the
" technology. . ... .. .- .
~“Reducing the time delay is the primary means of increasing the
impact of science and: technology on economic growth. More must
be. known sbout the:transfer process before it can bs speeded. up,
. according -to the symposium speakers. A clearer understanding of
.- innovation is necessary for-an enhanced benefit from industry funded
- R. &D.sas well as for transfer from Federal programs.. .- .. . =
» Research managers have reacted to the challenge. for justification
of their expenditures from economists, politicians, and the public.’
The concept is--well accepted that scientific activity makes major
_contributions. to industrial .growth, national security, and publie
.+ purposes; .But the:quantification of the contribution fails because
. of the intangible nature of knowledge. . : ST NN

s e 'BA.RRI.ERS TO .‘T]‘!'}C_HNOILOGICAL._éH‘AN'G‘_r.;E = i . .
_ Thqi‘é are de_ép.__i_n'hib_iﬁiohs to change in. industry. (See p. 58.) . In-
novation may mean the premature obsolescence of capital equipment.
Management maynot be equipped to olger&te in new markets. . The

functions of government may impede risk-taking and reduce the profit
motivation for change.. The natural human tendency to maintain the

- .. status quo runs counter to the development of new technology. Thus,

. many changes come from invasion of an industry by a new company.
The “overall economy is benefited as a result but:some individual

. firms may suffer. - Entire industries disappear or are weakened as a
o wTbid, . 878, . - _ -

-
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"result of new teehnoloo'y % Phe 1dent1ﬁcetlon and removal of these' :
- barriers will come from a better understandmor of the env1ronment of
_industrial growth.
: The 1963 hearings demorstrated the dafﬁeulty of studymg innova-
~ tion but also showed the opportunities for improving the Nation’s
economic health if clearer relationships could be established. The
present study is & logicsal outgrowth of the previous testnnony before“
o the Senate Select Committee on Small Business.’ . S

B THE STATE TECHNICAL SERVICES AC'I‘ OF 1965

The Congless eon51dered the technology transfer problem at-some

length in connection with the passage of Public Law 89-182, The - o

State Technical Seerces Act of 1965, signed by President Johnson on
QOctober 14, 1965, (fered by the Department of Commerce after
considerable period of discussion within and without the Government,
the act focused on local’ planning and action to aid business and in-
dustry in acquiring new technology. Details of the act are presented
‘on p. 103 in connection with a discussion of the resu]tmg Oﬂice of Stete
Teclinical Services. - . T
The Economic Reéport of the Premdent for 1964 steted

The Federal Government provides major support for the research and develop-

ment which underlie our striking technological advances. In the past mwuch of : .

our research and development has been connected with natmnal defense. Now ag
. military outlays lével off, we face . ’
¢+ .—a challenge to’ apply the Nation’s growmg scientlﬁc and: engmeermg ek
sources to new gocially profitable uges; i

—an . opportumty to accelerate the teehnologleal progress of our clvs.han‘
= indugtries. .
“The Federal Government should join with private business and our’ umversmes
in speeding the development and spread of new technology. I ha.ve dlrected the :

Department of Commerce to explore new ways to a.ccompllsh this, 2

"Hearings on the bill were held in J une- of 1965 in both the House;

a,nd Senate.2 2 .
“The thrust of the testlmony was that many 1ndustr1es, often those o

which ‘are small and do not have.technical staffs, are lagging. in the

application of new technology. The bill proposed the mechanism of &.

university -extension setvice to assist potential users in identifying -
their problems and in locating a source of information or further advice. -
One of ‘the justifications for the emphasis' on universities was: that -
their participation would bring & closer appreciation of the probletns of
_regional industry with consequent improvement of the education of
~ future employees for these businesses. Some States had already begun
programs through engineering experiment stations. ‘The not-for-profit
_resesirch institute had generated local interest wherever they were

established. This expertence suggested that matching Federal funds. -

would ‘ercourage the establishment and expansion of technology -
- efforts in each State. Thepublic moneys thus spent would be returned
in ineressed industrial growth, high employment, and new businesses.
The improvement would be equitable- geogr é)lucally, an espect of e
R.&D. actunty Whmh was 1n1portant to the Congress : _
- % Ibid,; S
o Eeonomic Report of the President 1964, . 14,

- 2 1.8, Congress. Houso. Comxmt.tee on terstate and Forelgn Commeree Hearmgs before the Sub
eommittee on Commerce and Finance on'H.R. 3420, 89th Cong., 1st sess., 1965.

% .8, Copgress. Senate. Hearings before the Committee on Commeree on 8. 940 a.nd S 2083 89th N
. Cong 1st sess., 1065. ) : o
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The hea,rm were not concerned substantially WIth the source

_of the technology to be transferred, although the Federal R. & D.

" Technical ervices concept and the 100-year ol
.- participation in agricultural technolo%y dissemination, This, coupled

-

programs were mentioned as a preponderant reservoir. The act
clearly did not include the Federal sponsorship of research for civilian

+ industrial a?phcatlons The service-intended was Hmited to an

early. counseling stage and was intended not to. interfere with prlvate _

enterprlse consulting and development firms.
‘The Congress reacted favorably to the analo between the«Sta,t.e
(% JIrIand Grant College

with the matching fund emphasis on local initiative, provided the bill

o WIth WIde support Approprmtlons hearmgs are’ dIseussed on p. 24.

C THE OFFICE OF- TECHNOLOGY UTILIZATION, NASA :
y AUTHORIZATIONS - - .. : :

The annual a,nt,horlzatlon hearmgs for the NASA budget glve the‘

- ‘House and Senate Space Committees an opportunity to review the

administratively created Office of Technology Utilization (see p. 18).
The Independent. Offices Appro riationis Subcommittees also hear
testimony on this activity which is based on an interpretation of

section 203(a)(3) of the National Aeronsuties and Space Act of 1958,

Public Law 85-568, that NASA: “shall provide for the widest practic-
able and- approprmte dissemination of information concerning its
activities and the results thereof.” This is accomplished by a rel- .

. “atively small group in NASA headqua,rters and.field ‘stations which

concentrates on the identification, reporting, processing, and dis-
sémination of innovations by NASA and contractor employees.

- Prior. to fiscal year 1964, the program was a, part of a NASA Officé -
of: Apphcatmns In 1963,.the Office of- Technology Utilization was
established. Congressmn&l response. was favorable to the concept.

. but, seyeia,l areas of concern wers apparent. from the start. These

Were
“a." Should there be one OVeI'a.ll Government progra,m to dIssemIna.te

\-Informatlon to buginess? _
.~ b How much encouragement should business need if the knowledgez _
owas reelly worthwhile? - '

¢ How ‘could all Ieglons of the country obtaIn equa.l beneﬁts from
only & few dissemination centers? # 28
The NASA effort has as a major purpose, the identifying of bits and

" pieces .of ‘technology from the space program, and the. Technology

- Utilization officials testified that this part of the process could not
be: handled. by another agency. - The experimental dissernination

centers began to, charge fees to industry for .their services as a means

.. ‘of measuring the value of the technology. . The goal of a self-sustain-_
. ing operation was enunclated The number of- dlssemmatlon centers :

. has increased from year to year.”®®° .

Congr
,S 1‘%& Pt. 1. 88th Cong., flrst sess., pp. 7, 10,

* U.8. Congress. House. Committes on Sclence and Ast.runautms Henrmgs hefore the Subcommittes

C on Aﬁ)plmations and Tracking and Data Acquisition on H.R. 5466, 88th Cong,, first sess., pg 3£30-3449.
o He

ess. Senate. Hearings before the Com:mttee on Aeronaut:cal and Spac lences, on

8. Congress. House, Hearings. Commlttee on Science and Astronautlcs 1965, . 1865 NA.SA

g Autltl}agzation 88th Cong., 2d sess. Pt. 3: pp. 1600-1622. Pt. 4 1? 2163-2224, 2810-2813.
13

o8 2446 'I't 2 sathcong stass,p A

Clongress: - Senate. - ~Hearings barora the Oonnmt.tee on ronautical and Space ScIences, oD
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- At the early stages of the technology utilization program there was’
a tendency for NASA to highlight specific products or techniques of :
the “spin off’” type. Critics were quick to ‘point out that these . -

- instances were rather rare and often confounded by doubt as to. the

‘actual origin of the technology—whether ‘Goyernment sponsored or -

not.: -In more recent years, NASA has described. the activity as an
-experimental program to find better methods for- transferring tech-

‘nology.®* .. Congressional . enthusiasm_ for the:program has grown -
along with the understanding that results would only begin - to bu11d~ '

up in number after several years had 'gone by. .

The usefulness of the regional dissemination centers to busme'ls was
explored by a poll of subseribers to the Aerospace Research Applica- .~
tions Center at Indiana University conducted by Representative

-John W. Wydler of the House Sc1ence and Astronautics Committee.
The results, in part, were:

Reading and analyzing- the letters recelved was somewha.t depressmg in terms ’

of the $15.464 million that have béen programed and funded through fiscal year
1966. ~Out of 71 replies received; only. 10 could be described as enthusiastically
in favor of the. NASA programs to which they subscribe. . These were theé:10
which said they had derived some kind of tangible return: (i.e,, in terms of paying
for theif subsecription price, ete.) from their assoeiation with the various centers.
Such disappoinfment must be tempered by the relative suceess of this program
when compared with some recent ones that have spent billions of ‘dollars with

little ot no benefit to the.public. ~ The difference can be accounted for by the. quallty N

and effort of NASA personnel.

- One interesting fact was the high degree of success reported by sma]l busmess— :

men who subseribed %o the programs. All of them commented that the availa-
bility of advanced NASA research material and information was invaluable, being
ag each of their firms is too small to maintain®its own research development
department, = These small busmessmen constituted fully half of those 10 report-
m%ﬁnanelal gain.

) ifty-one out of seventy-one said’ that the program was ‘worthwhile, but 41
of those *offered reseivatiohs: these ineluded nonapplicability of center-provided

information, diffieulty in: learnmg proper use of the prograins, a desire to have the-

seope of it expanded, and, finaily, a number of individusl complamts regard1n§
specific incidents which made utilization of the NABA-sponsored services diffigult.®

The close relationship of the NASA program to the Office of. State

Teehmoal Services was discussed in the 1966 authorization hearmgs _

(see p. 147). The report of the House committee stated:

There is an obvious similarity of purpose between the NASA grogra.m and thatof -

the Office of State Technical Service in the Department of Commerce resulting
- from the State Technical Services Act-of 1965, hese prograims should be compli-
mentary rather than duplicatory. Therefore NASA 15 directed to report to the

committee by January 1, 1967, on means of coordination and the extent of co- -
operatlve s.ctlwtles that have been carrled out by the two agenoles in ca,lendar year .

19663

Fundmg for the technology utlhzatlon program ha.s been prowded‘ -

at essentially the level requested by the administration, rising from

$3.5 million in fiscal year 1964.to 85 million in fiscal year 1967. The
fiscal year 1968 request is for $5 million, - These funds do not include -
the eost of new tec ology offices at field centers nor the costs incurred

by contractors for administration of the reportmg requirement. -

3778, Congross. Housa Commitbes on Beience and Astronautics Hem'lngs befors the S;‘x)llmommmco '

on Advanoed Ragearch and Technology, on H.R. 3730, B88th Cong., 1st sess., pt. 4, p;s)
33 17,8 ress Senato. - Hearings bet‘ora the Commlttee on Aeronautical and pace Scmnces, on
8, 627, 89th ng., kst sess., p. 1000

s U.8. Congress “House. Committee on Sclence znd Astronauncs Hearmgs berore the Subeomrmt- '

-tes on Advanced Research and Technology on H.R. 12718, 88th Cong., 24 sess.,

2 Authm'lzingAppropnatmns to the Naiional A eronautics and Sphee: Adnuniat.ration ﬁouse Rept 1441

.- Apr 20, 1086, 1. 1
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D THE Atouic ENERGY COMMISSION

The Joint Oomnuttee on Atomic Energy has been concerned with
.the a.pphcatlon of nuclear: technology to ctvilian purposes from its
- inception. - The entire civilian power reactor program is an example
of Federal development of a technology 1ntemﬁ)d to move-eventually
under the .control of the private sector. ~Isotope.applications ha.va
been found in a great variety of industries, & particularized example

. of the AEC approach to the problem..

 More recently the identification and d:lssemmatlon of non-nuclea,r
technology which is developed under AEC programs has been recog—
_,nlzed as & respon51bﬂ1ty (see p. 120): -

! Representatwe Anpzrson. You spoke on page 92 of the efforts that are bemg
.. made: to jdentify. AEC nonnuclear techno]oglca.l development a.nd to encourage .
theu‘ industrial uge. . ) . . . - . :
- Dr. SEaBorg. Yes.. ’ S ’

) Representatwe ANDEREON Would this - extend to 1nclud1ng manu.facture of
. actual hardware in' AEC facilities?

Dr. SEABoRG.-No; I was referring: here to studles We have set up a number
of offices. 'We have set up an office in the Argonne National Laboratory which
is called the Office of Industrial Cooperation, and an office in the Oak Ridge
National Laboratory, also called the Office of Industrial Cooperation. -

‘Then,. also- the Qak:Ridge office is, makmg a study of the possubﬂmes of splnoﬁ'

- as they mlght apply to industry.?

The budget request. for fiscal year 1967 stated:’ A
Teclmologxcal Spinoff: Fiscal year 1965, $35 429; ﬁscal year 1966 $100,000;

= ,ﬁscal year 1967, $150,000: The objective of this actlv1ty is to'insure the maximum

application of results’ from AEC research and development to non-nuclear indus- .
_trial use. This activity:is implemented largely through the Offices of Industrial-

L Cooperation at Argonne and Oak Ridge which provide industry with information

- on processes, materialy; equipinent; techniques, ete., developed in the.AEC pro-
gram.  Funds requested:for fiscal year 1967 will be used to' support the two
Offices of Industrial Cooperation and to continue the study of technology transfer .
" mechanisms. - Program ‘setivilies will' be coordinated: with the Small’ Business’
Administration and U.8. Department of Commerce efforts to transfer results

. of government-funded. research and, development to. private industry.® .

- .Cooperation with the: NASA program has now extended to. the ]omt
o 1ssuance of techmca.l pubhc&tlons (see p- 180). e

5

E DEPARTMENT OF COMMERCE APPROPRIATIONB

_ The subcommlttees of both the Senate and the House. whlch deal'
w1th the Department of Coramerce have heard testimony concermng

. - a number of technology transfer related Programs,

The civilian industrial technology-program was concewed in 1962
“with the objective of stimulating research in lagging industries such
a8 textlles -machine tools, and bulldmg Grants and-contracts were to:
- be'given o manufacturing companies.. Although -the program never -
. became fully defined, opposition developed on the E
Federal funds would be used to expand technology in private indus-
trial sectors. It was alleged-that. such R & D would mterfere w1th

/- the free. market competltlon

Sl BT Congress .I omt Committes on. Atomm Energy }Iearmgs AEC Authorizing Legislatlon ﬁsea] B
- yaa.r 1966. - 89th Cong., 1st sess. -Pt. 1: p. 36; p. 652,
8 7.8, Congress. Joint Committee on Atomm Energy. - Hearings: AEC Authnrmmg Legmlation, figeal
--year 1967, BBth Cong., 2dsass Pt 3: p 1513—Technologica.1 Spinoﬂ OIC .

7217 063

asis' that the . '
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The Department Tequest stated: "

Program development and administration—In cooperatlon w1th other mterested"- e

agencxes, studies will bé undertaken in order o0-determine ‘aictions which rmight be . :
taken in order to remove deterrents to desirable innovation, to mvestlga.t;e adapta-
tion to civilian industry. of methodology and technologé developed in sdvanced
space and defense activities; and to identify changes in Government procureinent
" methods which might stimulate techinological improvement. Indépendent studies

of the effectiveness of pilot projects also will be supported in order to estabhsh a
‘sound basns for future program development.3” .

In any event the only appropriations made wetre’ o for $1; 625 000 1n'
1963 and the main accompfshment of the program was' the estabhsh-
mient of an’ information center for the textile industry. " The CIT
concept included a variety of technology transfer ideas which have
survived in the Office of State Technical Services. But the rejection
by Congress of any forthright attempt to use: Federal funds for 1n-_-
dustrial R. & D. was quité forceful. :
. In October of 1965, after the passage of the State Techmcal Ser ces
Act, the House Approprlatlons Subcommittee -held -hearings on a -

supplemental request for funds.: The.act:authorized '$10 million for -
fiscal year 1966, $20 mhillion for fiscal yesr 1967, and $30° mﬂllon for | -

fiscal year 1968, but only $7 million was request.ed
" Mr: Rooney, ThlB sounds to me like your so—called clvﬂ mdustrml technology' :

Mr. Hornomen. Civilian industrial technology:-

Mr. Roowey. That was' completely demed by the Congresa You are now back

. for:the same thing? -

- Mr. Hornvomoy, No, sir. - > _
. Mr, RooneY. What is the dliference between the two? -
- Mr. HorromoN. For the eivilian industrial tech.nology progra.m, in the ﬁrst

mstance, we came to you for:appropriations and not initially through legislation,

It.was largely a program of research which would be. -sponsored by .the. Federal
Government. - This is not.a program of research. This program contemplates
decentralized State activities which are matched, and in-which-the initiative:is

taken by the States.  There wasno such s,ctlvﬂ:y proposed inthe orlgmal cwllw.n S

_ industrial technology program.®

An amount of $3.5 million Wwas ﬁnally appropnated for ﬁsoal year
1966 despite an appeal to the Senate subcommlttee for restoratlon' S

of the f 1 amount.?®

For fiscal year 1967, $8 mllhon was requestad The House Ap- o

propriations Subcommittee: became concerned: as to whether the
- Department of Commerce had solicited support from the Association
of State Universities and Land Grant Colleges for the State Technical
Services ‘Act.” The preliminary ‘planning work was expla,med by Dr )
A V. Astm, JDn'ector of the Bureau of Standards: "

Dr. AsTin, Sir, we were explormg under this project. wa,yq to develop and E
disseminate technical information more effectively. This was the whole ‘purpose -

of that operation. That is, we have been’of the opinion for a number of years that
- the proper utilization of technieal information by industrial groups in this conntry

requires an_appreciation of local or regional problems and dmsemmatlon at o -

local or reglonal level. .
In conneotion with this there was condueted Here’ dbout 2 years ago a 1argc
conferencé ‘involving the techniéal people of most of the State governhmehts;

and one of the conclusions of the conference was:that it would be desirable %o 1"~

provide staﬂ? services for addltlona.l conferences and for regmnal conferenoes,

37 Hearings before tha Subcommlttee of the House Commlttee of Intorstate and Formgn Commerca for.'
fisesl yoar 1964, pp. 747-795.

3% U.8, Congress. House. Heanngs before the’ Sﬁbcommitteas of the Commlttee on Appropuatious. S

Supplemental appropriation bill, 1966. 86th Cong., 1st sess. Pi. 3, D)
3 7.8, Congress, Senate. Heanngs before Bubeommittees of the Commxttee on Appropnations Sup-
plamanta.l apprupmatlon bill, 1966. 8%h Cong., first 5e85., pp- 780-803. R
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and that was the primary reason for'the setting up of this office - which. was op-
erated by Mr. Bandy. = - .- o0 Cer S R AR
""One of the other authorities, Mr. Chaifman, is the authority of the Secretary of
Commerce to'stimulate the commerce and industry of the United States. . When
the Bureau was reorganized 2 years ago the Secretary at that time delegated to
the National Bureau of Standards part of ‘his responsibility to serve as the foeal
point’ within the Department of Commerce for the application of seience. and
- technology: to-the Nation's industries, so’this' whole operation as essentially o
probing of how better to disseminate information and what kinds of information
were-the most important when we looked at matters on a regional basis.d¢

. Despite some reservations about the operation of the program, 45
- of the 50 States were prepared for matching fund grants to begin the
analysis of business needs for technology dissemination. - The House

subcommittee allowed $5 million and the Senate restored an addi- '

‘tional-$0.5 million for a total fiscal year 1967 appropriation of $5.5

million.” Thus out of an authorized $30 million for the first 2 years of

__operation, only $9 million was appropriated.* - The budget request for
the fiscal year 1968 is $11 million. T

" T+ A CoMMIssioN 0N SciENCE' AND TECHNOLOGY

. The Committee on Government Operations of the U.S. Senate has
reported virtually identical bills'in-the 87th, 88th, and 89th Congresses
for the establishment of & -Commission on Science and -‘Technology.

. Although' the main -thrust of the study envisioned would be the
- feasibility of a Cabinet-level Department of Science, technology trans-
- fer is-a-specific consideration: Section 1(d) of 8. 1136: (89th Cong.)

© insuring the maximum utilization of .all available scientific know-how and infor-
mation by coordinating the research and development programs of the Federal .

L departments and agencies with those of American business and industry and -

. with nonprofit organizations, including universities and . other eduscational or
- technologieal institutions. # . . v D sl e T

“None of the bills was passed.

" G.THE CLEARINGHOUSE ¥OR FEDERAL ScIENTIFIC AND TECHNICAL

: R INFORMATION L _
. Although routinely funded as a part of the Department of Com-
- merce appropriations, the Clearinghouse was a subject. of interest to
. the Senate Government Operations Committee in jts assessment of

Government science. A letter from the Bureau of Standards to the .
© - chairman on January 28, 1965, reviews the program: a

Knowing the longstanding interest of the Committee on' Government QOperations
in the effective provision of Government-generated technical information to
" industry and the publie, I would like to review for you briefly the operations and
objectives of the Clearinghousé for Federal Scientific and Technical Information.
“The Clearinghouse was establishied in the Department of Commereg in February.
1964, following its endorsement by the Federal Couneil for Seience and Technology
and by the Office of the President. At that time, the Commerce Office of Techni-
cal Services (OTS) was transferred to the National Bureau of Standards where
it was placed under the Institute of Applied Technology. Building tpon the
., existing information serviees of OTS, the Clearinghouse has undertaken. an ex-
- # TU.8. Congress. House., Hearings before-a_Subcommittes on Appropristions. 89th Cong., second
sess.,pg).&ﬁz,'nﬁ#?&'i; ' Lo o A B T
5. Congress. Senate. Hearings before the Subcommittee of the Committee on Appropriations en-

’ ! Hd.“R. 198'119,- 80th Cong., 24 sess., pp. 334, 443-455.

Congress. Senate. Commities on Government Operatfons. Report on 8. 1136. . Commities

“+ " print. ,89th Cong., Ist sess. 1965, P. 8,
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panded role as the Tnational c'enter for the dlssemmatiou of Go\fernment—gelierated '

Jnformation in the physical sciences, engineering, and related technology...In
brief, the Clearinghouse has been established as the single point of contact in the

executive branch for supplying the industrial and techmnical community with
unclassified information about’ Government-sponsored research and development
in defense, space, atomic energy, and other national programs. It thus makes
readily available, at low cost, research information which may aid in the develop- -
ment of a new product, solve a -processing problem, or increase prociuctlvlty

.. through technical improvement.

In addition to supplying docurhents, the Clearmghouee functzone also 1nclude
provision of infofmation on Government research in progress, referral to sources
of specialized technical expertlse in -the' Government, and the developiient of

“effective means of conveying this:information to the various sections ‘of: the"

country, adapting it to the needs and mterests of local mdustrlal and techmcal ;

. groups.# e
The Clea,rlnghou&.e currently reoelves 22 000 documents eaeh i ear Y

CH SCIENTIFIC AND TECHNICAL MANPOWER

'l‘he Subcommittee on Employment a,nd Manj ower “of the benate o

Committee on Labor-and Public. Welfare held hearings in 1965 on
“The Impact of Federal Research and Development Poholes -Upon_m
Scientific and Technical Manpower.”” 4

In the report issued subsequently, technology transfer was seen to

be a part of -this broad . issue.  The importance of being a Federal .-~

contractor in, order to have access to R. & D results was discussed:

Inaddition, favored firms that perform Federal research and development _have S

the built-in advantage ‘of knowing the regults of this work and are able to-use this

information to advantage in subsequent skirmishes for contracts. Eugene Foley, '_ ;

of the SBA, has suggested that research and development performers should..
submit reports on potential commercial applications of what has been researched’or .
developed. | Sueh reports ‘do not seem feasible, but the suggestion-indicates the -

- extent to which other firms—especially smell ﬁrms-—can be ha,ndlca,pped solely Do

by & lack of appropriate information.
The secondary effecis of research and development a,wa.rds were the ma_]or ‘ones

with which the subcommittee was concerned. It s difficult to assess the direct . .'

effecis of a research and development award; and the secondary effects constitute
an even more diflicult and complex process to assess, for they involve new industry,

. better schools, and community attitudes reoepmvc to the pressures for growth .
‘and development.4 :

) Another possuble important 1ndust.r1a1 eﬂ'ect of research and development : ._:
funds, however, is the so-called spinoff. While enpaged in researcli, and also’in

development, a university or company seientist may uncover a new process, anew

material, or simply a new idea that has worthwhile industrial application. A spihi--
off company is born; a firm may be atiracted or established; and a major new -
product or mdustry may result. Again, the eyecle of Government contraets, -
eelentlsts, and busmesses can be set in motlon and area growth can be stlmulated v

1. TrE HOUSE SELECT COMMI’I‘TEE= ON"GOVERN'MENT RESEARCH= :

In 1963 the House of Representetlves estiblished Select Gom—"
mittee on Government ‘Research to undertake a broad review of =

Federal service. The importance of teehnology tra,nsfer was dlscussed e

in the summary of the hea,rmgs 48

43 Ihid., pv. 60-61. - R S R T TIE Ll
# U8, Congress. Seénate. Commlttee on La.bor ‘and Piblic Welfars, The Impact of Federal Research
and Development Policies dpon Scientific and Technical Manpower, Report of the Sabeommities ot -.

Ex‘rau}‘ljogment Manpower, an Poverey 80th Cong., 24 sess. December 1866, (Committee print) )
id., p. 51 :
4¢ Ibid, p : ' : nd e RN
AT, Ibid p 39 - .
8 Summary of heanngs before the Select Commlttee on Goverument Research of. the House of Repre- :

sentatives 88th Congress, 1st and, 2d sessions, pt. 3, pp. 12834




“Eﬂectwaness oj convert'mg R o‘b D. into pmcmcal products (Vwkers)

- “Research and development is viewed as a pyramid of four parts. At
the fop is basic reséarch; the greater the incentive for the researcher
to put his findings o use, the closer hé approaches the next segment

~of the pyramid. The next segment is applied research, which carries
- forward the application of scientific principles toward ulimate pro-
- duction of useful results. The third segment is development and the
fourth section or base of the pyramid is production.” .
" -“This, in our view, must. be the, })a.mmoun,t and ultimate. goal of the whole

research and. development process. - 1t is through the produetion and distribution
of the fruits of research and engineering that each citizen—who. in fact pays:for

"¢ the whole.effort—receives the benefits for which he pays.

#Tf the committee concurs with this premise, then the empha,sna in 1f;s apprmsal
" of Government’s role in-research and development.should be upon how effective
s the process of coverting research and: development into practical end produets
_serving the Natjon. Inasmueh as only industry is or-should be exclusively:
involved in the functions of production, sale, and distribution, it is apparent that .
the interfaces between ‘the: four segments of ‘the pyramid and thus: also of the
G%xg()arnment—mdustry relat10nsh1p become of utmost 1mportance (PP 1064—
10 . '

_ “Fmd’aﬁg useful byproducts of R. & D (Halaby)

" ““More attention should be given to getting double duty out of de-
velopment dollars by gleaning new products and byproducts of re--

search. Just as in industry, in the various agenciés there should be.

. -someone constantly watching for things that can be picked ouf of the

- research and deve opment programs &nd made usab e for cwﬂ apph-

S . ca,tlons (p.. 131)

' “Relat@onsmp between the mzlztary cmd 'mdustry m use of result.s of
' “defense R. & D. (Teller) =~

S " “(A member of the committee questloned the witness concernmg_

(1) the charge that too much time and attention are devoted to mili-
tary R. & D. at the expense of the civilian economy; and in particular
to (2) the charge that the military, under the guise of security requu:e—
ments, do not release results of R. & D. for civilian use.)

“T am under the impression that there has been a conselentious effort and an
effort that bas pald off to make available the resulis,of our mlhta,ry research
to our economy. ' One example is the deveIOpment of our planes, * ¥

“1-do not deny that there may havebeen cases where better, earlier a.vallablhty
would have been of help. . But in general 1 think. this charge is based on an
exaggeration, T mean the charge that military. developments are not ava:lia,ble

 "to the civilians, This I3 an exaggeration.,

“In one respect, however, the charge may be va.lld but thls is not, due"
_to action of the armed forces. ] :
“¥ %% We have laws, very restrictive laws, conoernmg secunty In many .
areas you.areé not allowed to eommunicate to the industry unless it is first clearly-
Cand completely proven that publication oannot posmbly hurt our eountry. Such
proof is. 1mmense1y hard to get. o o ; )
KGi beheve that at any rate ‘the burden of proof should be on the other gide.
Things should be open, unless proved to be dangerous * % % The willingness

for cooperation is there. The practice of cooperation is there.. But so_me of our
law$ make the cooperation unnecessarily difficult. (pp. 942-944, 951):

"‘Use{%lnesg of m@htary and space K. dZ: D 'm the. cwalmn eccmomy

.. oley

- “Most Government R. & D. Work is directed toward national defense.
. For the most part, the implications (the spillover) of militery tech- -
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- nology for civilian. uses’ are largely unexplored ‘The Small Busmess A

Admmlstra,tmn is conducting such explorations, and is working with
the National Science Foundation, the National Aeronautics and Space
Administration, and the Department of Commerce to supply small
business concerns with usable Informa,tlon derived from Govern-
ment-funded R. & D. The SBA is conducting several services for
transmitting such information to small business.

. “Tt must be recognized that the knewledge gamed from Government expendl—
tures in space and military research and development ean, in many cases, be
transferred direcily into Industrial application. - This’ information contains the

- potential for creating new industrial fechniques, materidls, products and proc-
esses. - If assimilated properly, it can exert a profound infiuénee on our civilian |
technology. The Federal Government therefore, hag an obligation ‘to ‘develop
a workable system of utilizing this eformous reservoir of seientific information
so that its benefits can be transmitted to businessmen both large and small in
order to provide :the ingredients necessary for an: accelerated growth m our
c1v111an economy. : * R (pps TH-TA2)T :

“The report of the select eommlttee contams a descrlptmn Of current
: _Federa,l transfer programs.
Among the findings of the report were:

18. Research and development can mgmﬁcantly ‘gontribute to growth of the
general economy ag well as of a given industry. Our current national rate -of
économic growth is less than that of several other nations. = The question arises
whether “our research and development eﬂ’ort can be better ma,rshaled to help
accelerate our economie growth rate:

19." A traditional concept has:been that spﬂlover, or-product-process- spmoﬂ-‘-
from our:space and military research and-development programs (which dominate-
the total national research and development effort) spurs development and

* utilization of new products and systems and ultimately, generally growth. This

coneept ¢an -be challenged, for the ‘record in this regard is far from conclusive::
While few would be w1111ng to eliminate all programs designed to. transfer to the
general civilian economy the results of our Federal research and development

activities; we must continue trying to arrive at a better formula-for couvertmg BRI

© the frmts of our research «efforts into eeonOImc sinews for the Natlon 0

J. THE NATIONAL COMMISSION ON TECHNOLOGY AUTOMATION, AND
: EOONOMIO ProGrESs ‘ R

At exécutive - request the Congress - passed Pubhc LaW 88w444__”

crea.tmg the National Commission on Technology, Automatlon, and
Economlc Progress. The Commission was charged, in part: ;
(d). To dssess the most ‘effe¢tive means for channelmg new technologies into
promising directions, including eivilian industries where accelerated technologieal:
advancements will yield general benefits, and ‘assess the proper relationship -
‘between governmental and private investment in .the appheat.mn of new tech— ‘
nologies to large-scale human and community needs; 5! -

- The Commission generated o number of thorough studles for Its

. deliberations. The Onimel motivation was the need for creative,
public policies in marshaling the techniques of science for-humean

" welfare without unwanted consequences of unemploymeént, economic . -

. dislocations, or other social upheavals. One of the most nnportant .
-studies was concerned with- teehnology transfer.’. :

4 Study No. VI, Impact OfFederal research and development pmgrams Re ort ofthe Seiect Comlmttee' :

Oltj l’(}Iﬁzr‘emment‘. Research of the Honse of Representetlves, 88th Cong second sess., Dec 28, 1964 p. i31 :
5L Op. cl? rer @, vol. I.-
* 32 Liesher, Rickard 'C and Huwwk GeorgeJ “Beckground Guidelines and Recommendatmns ior Use T
_in Assessing Eﬂeetive Means of Channehng New Techno]egles in Promlsmg Directiens ? Ibid vo V

N



. The sectlon in .the ﬁnal report deehng Wlth thls subject is repro--
L duced in full because of its relevance to.the present 1nqu1ry brm o

THE GENERATION AND TRANSFER OF TECHNOLOGY ‘

The- ev1dence is overwhelmmg tha.t technology stlmula,tes the rate and volume
of economie growth, and that the infusion of new technology can speed thie rate.
- of ‘economic growth. - It is evident that increases in GNP are related to expendi-
tures for research and development. -R. & D. expenditures are still rising rapidly.
In 1965, a total of about $21 billion will be devoted to R. & D., about $15 biltion
of which will be spent or supplied by the Federal Government. The way in which.
R. & D. is spent is important both for the pace of technological advance and for
“the determination of the areas where technology will—and can—be applied.
Four questions of policy-arise in relation to R. & D. expendltures and the uses

. 5 of technology for economie growth and social nesds:

- 1. TIs there some “optimal limit” to the amount of R. & D, expendltu‘res, baged
on our abikity to develop eriough Well—tramed research manpower, to use these
expenditures well? - ‘

2. Are there slgmﬁcant 1mba]ance5” in the present pattern of R. & D. ex-
pend.ltures, particularly by the Federal Government? - )

3. 'What can be. done- to stlmulate the greater use of - R & D by lagging
) .mdustnes? :

4, ‘What klnd of Federal pollcy is necessary for the dJssem.lnatmn of technologl—'
cal knowledge to potential users—problems ranging from the organization -of
comprehensive information: retrieval. systems to the dire¢t assistance of com-

.- munities,” small business, and other mdustnes in ga.lmng aecess to pubhcly

avalable technological knowledge? -
" A determination of an optimum research and development expendlture ig &
most difficult questmn Private industry has a basic market test of its ability
. to devote some portion of its capltal investment for research and development;
at some point R. & D. has to “pay off” or the company cuts its expenditure in
a specific. ares. What the limit of Federal expenditures should be, however, is
difficult because we have no test of the potentialities of R. & D.- In some areas
(e.g., defense or basic research) one may -want 10 encourage experimentation,
even where there is no immediate possibility of payoff: (either in. profitability or
in. new knowledge) because of the intrinsie worthwhileness of such experiments:
It has been suggested that precise figures should be gathered which show the
. annual employment of seientific manpower and dollars in relation to the putative
.. national goals they serve. Such a report might provide the framéwork for a. -
. more detailed. consideration. of the kinds of: Government expenditures on R. &.D,
*  The question of imbalances in existing spendmg is one which invelves political
judgments.” .Over half the Federal budget is devoted to defense and it is, there-
fore; not surprising that the largest part of Federal R. & D. funds are in support
of  defense objectives. . But. we- also feel that other areas—-prmclpally housing; ..
transportation, and. urban: development—have been- neglected .in federally sup-
ported R. & D, efforts, and considerably more has to be done in these fields.

It has been argued that some industries have: lagged technologically because
of the disproportions in R. & D. spending or the failuré to apply in other areas
technologies developed for one area.  The concentration of research arnd develop-
ment-in-a few industries is not, per se, evidence of misallocation.. Technological
opportunities are greater in some fields than in others, and uneven distribution

.of R. & D. does not itself indicate inefficient resource allocation within industry.
_Nor is there evidence that mcreased R. & D. Would necessanly stlmulate change
in all mdustnes ’

- The relevant ‘question is whether it is posmble to. help potential users who are
unab]e for a while to -help.themselves: - Government support of research.and
development in agrieulture and aviation has reaped rich economic rewards. In
areas whére market criteria cannot generate sufficient incentives for adequate

. researeh and development—such as weather foreasting, public health, educa-
tlon—the Federal Governmeént has a recognized responsibility. And where

R. & D. benefits are. ingufficienily realized through private: eapabilities, it is'the
task of public policy to provide incentives.. The responsibility is not necessarily

- tha;t of dmng Tesearch or even ﬁna.ncmg 1t but of prov1dmg lncentlves for getting:
- :it dome, "

8200) Ihid;, p. 103. )

53-57 These references w;ll be feund in the notes to ta.ble 1, p. 32

i
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The transfer of techno]ogles developed in. Federal la.bora.torles and a,gencles
~ for industrial and consumer use requires a more forthright and unified Govern-
ment poliey than exists at present. Technology transfer—using new technology
for purposes other than the specific ones for which it was developed—is not given .
much attention -in many Government agencies. Locating the technology and. -
identifying new and different uses require the assignment of. competent persons
-within the agencies for such tasks and the cooperation of the many different
seientific and technical missions. TUntil this task is given a higher priority, there
will be gaps in the collection of important technological information. :
-The other side of the coin is the reporting and: dissemination of such: miormatmn
to potential users. There, too, a national poliey ie necessary. The Government -
can engage in n variety of activities, from the simple publication of documents

(placing the burden of discovery én the potential user) to such more active roles *

as centralizing all bibliographical citations in an information retrieval system,
the creation of technical consulting services (available, for example, to small
businesses), or the use of governmental facilities by honprofit 1nst1tut10ns for
the adaptation of new technologies for commercial purposes.

:Given the range of possible activities, we cannot within our lmfuted purv1ew
define the exact limits of governmental involvement. Certainly, it would,seem
that the Federal Government has a legitimate role developing weather satellites
and mediecal research equipment. But we cannot say that it is an obligation -of
Government to assist all claimants or engage in partnership. with profit or non-
profit organizations to develo’iz all new technologies or devices originated by:
Government for civilian use. These are questions to be decided on the broader
base .of national goals. -~ As a minimum we do feel that the Government has a -
responsﬂnhty for making available for nongovernmental utilization the result
of  Government-performed research and other research that was substantially.
funded by the Government. The 1ssue, in the future, will be 8 vexing one, and
more detalled study is needed o R

K SUMMARY

The recent a,ttentlon to technology transfer has come as'a penpheral
issue to a variety of programs, bills, and congressional concerns.. The
%otentlal in the large and growin body of knowledge produced under

ederal funding is viewed in relatiotiship’ to needs for regional de-
velopment revitalizing certain industries, strengthening the Nation’s -
international trade position and assuring economic health. = Further, -

- there is a certain appeal to “Yankee” thrift in obtaining the maximum =

benefits from:a resource that has been obtained at cons1derable cost

However, there is some cauti efinin
_Government can. become mvolved in what is essentm]ly the E rivate
“Dbusiness problem of gra 2 ation, and survivalin Q-

etitive market. : None of the trial progrems or expenmenta,l &genmes
has had a dramatlc effect on the natural process of technoloiy diffu-

sion, And the present efforts are individually concerned with differ- -
ent.portions of the overall process. The Congress has recognized the
transfer of certain large packages of teehno%ogy from Government
R. & D. These include the civilian nuclear power resctors, jet:air-
craft, and computers. Furthermore, the direct TFederal funding of .
R. & D. in the private interest-has been approved contlnually in"
- medicine; agriculture, and natural resources development. -

- The record shows a consistent call for policy definition in the gra.y
area of technology from military space nuclear projects. Witnesses
from the business. and scientific communities, -as well as legislators -
and agency administrators.are agreed on this point. = Therefore, thé
present study is & further response with the hope of elucidating tech-
nology transfer and formulatmg 8 gu1d1ng policy for the future




V SCIENTIFIC RESEARCH AND DEVELOPMENT IN THE
: . UNITED. STATES : : - _ _ ’
A HISTORICAL FUNDING AND PERFORMANCE STATISTICS .

CIn order to understand the pOSSIbIhtIes for technology transfer, an
- analysis of the funding and performance of R. & D. is necessary.
Table T presents a summary of these activities for the period 1957-67.
. Unfortunately some data are only available for fiscal year (J uly to June)
periods, but because year-to-year changes are in a generally increasing -
- direction and not large relative to previous years, the comparisons .
. - are believed valid. To provide an- accumulative value, a summation
L ,of the 10-yea,r perlod 1957—66 has been made : L o




TABLE ‘1.—Summar§r of B. & D. activities in the Umied States, I 957—67

[Dpilar amounts in billions] -

Ttetn 1957 | 1958 | 1050 | 1960 | 1861 |- 1962 | 1es3 | 1gee | ‘1985 | a9ss | 1067 1957—?6
. : . Ny total
1 | Total R. & D. performed in the United States, calendar yeats__._|  $6.0 | #1097 w125 [-913 7| se6] 167 | #7.4 | $10.7 | s20.5] wza| w40 u157.5
"2 | Total Federal obligations for R. & D, fiscal years__.___ - 3.8 4.6 6.7 1.5 9.1 10.3 12,5 1. 14.2 146 115.9) 115.9 99.3
3 | Federal K. & D. performed intramurally, fiscal years. 1.2 1.4 1.6 L7 19 21| 2.3 2.8 3.1]. 133 | .13,4: '21.4
4 | Federal R. & D. performed by industry, fiscal years_ . 221 2.6 4.2 4.8 5.9 6.61- 83 “ 8.1 9.1 | 1HLO 19,7 62.8
. 5 | Federal R, & D. performed by others, fiscal years.... .5 B .8 1.0 1.3 1.6 . 1.4 .. 2.1 2.4 12,7 12.9 4.9
6 | Total industrialty performed R. & D, calendar years_... ... .71 "84} 0.6 10.5 10.9 1.5 f 12,6 18,6 142 - 1165 | 117.1 | 1164
7 Inc%ustl;imily performed R. & D. funded by Federal Government, 4.3 48| 56 6.1 6.2 5.4 747 LT} nB|-10.5 8.0 65,7
endar years . . : -
8.| Industrially performe.d R. & D, funded by company, calendar 3.4 3.6 4.0 4.4 4.7 5.0 " 54y . 5.8' 6.4 | 17.0% ‘182 49,6 ‘8
ol VG D, pbligations, Department of Defense, fiscal years._.____ 30| 34| 51| 58| 68 67| - 3| ‘73| &8 T4l 7.3 se4| o
10 | R. & D.obligations, Atomic Erergy Comumuission, fiscal years_____ .5 .6 1 .8 .8 L2y - LI .12 L2113 1.3 9.4
11 R.ﬂgz 11) obligations, Natxonal Aeronautics and Space Ageney, [-......- .1 .3 .4 .8 1.4, 2.9 4.3 501 - 52 4.9 20.4 | 11
cal years, : A : s
12 3-agency total (lines 8, 10, and 11} fiseal years ... 3.5 - 41 6.1 7.0 8.2 9.3 1.3 12,81 13,0} - 13.9- -13.6 8.2 | 12
13 | Gross national prodact, calendar a0 o S 41,01 447.0 ) 484.0 504.0|° 520.0°[ 560.0-| 59L.0|-632.0| 68LO| 740.0 (.. _____|..______ 13
14 | Percent of fotal R, & D. performed by industry (lines 6/1)--.....- 78.0 770 71.0 77.0 75.0 3. 0: 3.0 Lo 7LO 7.0 TR0~ 740 14
15 | Percentoftotal R. & D, funded by Federal Government (lines2/1)_[ 38.0 42.5 54.0 55.0 62,0 66.0F 720 75.0 800 68.0 68.0 63.0 | 15
16 Pirct)mt of Federa.] funded R. & D. performed by industry (lmes 56.0 57.0 63. 0 64. ¢ 65.0 64,0 66.0 4.0 62, 0 63.0. . 6L.0O 63.0) 16
17 | Percant of total industrially performed R. & D. funded by Fed- |~ 58.0| 57.0 | so0l 58.0| ‘sr.0| seo| B0 o] 50| sso| sno| sno0l. 17
) etal Government {lines 7/6). ‘| : - -
18 | Percent of total R. & D, fundsd by 3 agencies (lines 12/1). .. 35. 0 30 49.0 510 55. 0 59.0.1 65.9 67.0 6L 0| .60.0 58.0 56.0 [ 18
19 | Total R. & 1. as a percentage of GNP (lines I 3) 2.2 2.4 2.6 2,71 2.8 2.81 - 3 6} 3.0 3.2 F: 35 NN PR IR 119
t Estimated. ?
NOTES

‘Line 1: Estimated by adding lines 3, 5, aud 8 plus R. & D performed In universities,
research institutes, and private foundations which is supportad by their own funds.

Lines 2, 8, 4,and & From table O-58, p. 163, “ Federal ftinds for research, development,
and other Seiontifie agtivities,” vol. 5(\7 National Sclence Foundat:on. Washlngton
.ID.C., 1966 (reference 53).

Lines 6, 7, and 8: From table 1, p. 17, " Basio resonrch, applied research and develop-

ment in industry, 1964, “National Sc:ence Foundation, Washmgton, D.C., 1966 (refer- -

ence 64} and ”Reviews of Data on Seience Resources,” National Science Folmdatmn
£6-33, December 1966 (reference 55) . Estimated yalues for 1966 and 1967 are based on data
from an snnual survey reported in Indasiriat Research magamne January 1966, p. 33,

 and Januery 1967, p. 52 (reference 56).
Eines 9, 10, Ilkand 12; Derived from table C-54, D. 159 and table C—57 p. 162 “ cheml )

Funds,” "vol. XV (relference 53).
Lma 13 Economic Report of he Pres:dent January 1967, p. 213 (reference &7},
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‘Line 1 shows that the total amount of scientific and engineering
activity in research and development (that is, exclusive of production
. engineering, -education, routine testing, etc.) has risen from $9.9
billion:in 1957 to $24 ballion forecast for 1967. - Most of this expendi-
ture goes directly to final demand and so .can be calculated to account -
-_ia)_r a,l?[%l;.t 3 .percent of the gross national proditet at the present time
(line.19). - .. oo S P L N N S LSS I
.. - Lines 2 and 8 show that starting from about the same level in 1957,

. the Federal funding has quadrupled whereas private industry fundin
has doubled. . This is an indication of several factors: (1) science and- -
" -technology have been recognized as increasingly important in serving

. N many national interests; (2) strong science is-a responsibility of gov-

o . operated by Union Carbide.
... industry performance respectively.

~ernment; and (3) :many large-scale-technological projects are beyond- -
.the funding capacity of commercial interests.. Otherfactors contnbute

- to the dollar growth but do not necessarily reflect. more effort. Infla- - i

.. tion, rising salaries and inecreased. use of expensive tools, instruments

. and special apparatus swell the totals. - Funds for R. & D. facilities

" are not included in these data.but the Federal Government has

~obligated . $7.6 billion -for this purpose in the 1957—66 period-and.
private investment has probably been.comparable. - R

.. Line 3 indicates that the Federal laboratories were expanded
appreciably {corresponding with the NASA program).but have been
-stable for the last few years.” The long standing policy. of the Govern-

- 'ment has-been to do a sufficient amount of R. & D. intramurally to -

 -assure competence in monitoring grant and contract. work and fo
_identify promising areas of science.  Beyond that point, nongovern- .

ment institutions are chosen to perform the work. :Contract research -

- . .centers such as the Jet Propulsion Laboratory operated by the
- California: Institute of Technolﬁy or Oak Ridge National Laboratory
or

p:-are’ counted  as- university -and
. Line:-4 reflects :the fact ‘that industry is the major performer of
Federal R. &D.  This, in a sense, means that the technology developed
_ does not have ‘to:be transferred to-the private sector becatse it is
already there.. However, performance by profitmaking firms may not
mesan any closer tie to civilian products; processes er services: than if
the work was done- in:a Government laboratory.: Some industrial
laboratories segregate commercial and ' Federal projects to aveid
. patent: and .proprietary information problems. The-Federal agency
guides and controls the project, keeping its own goal uppermost and
prevefiting excursions or extenuations into interesting lines of investi-.

_ gations ‘which are not germane. Promising but nonrelevant- findings

- may be dropped before they are carried far enough to interest 8 com-
.- ‘mercial developer. A Government-funded team may be brokenup by a :
canceled or finished program without tying up the loose ends ofp tech-

_nology into a communicable package. S e
< :-Federally funded R. & D. performed by industry has been successful
. in obtaining results. The low salary scales .of civil service have been -
circumvented. Unwieldy facilities and organizations have not been
permanently added to the Government structure. On the other -
hand, some privately operated organizations have bacome claimants
. on continued Government funding, much as would Federal labora-
- tories, But, taken as a whole, the research and development results
are not fully integrated into the commercial technological stream.
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‘R. & D. performed by others (line 5) means educatlonal 1nst.1tu-.'," =

tions- and. the contract research centers which they operate, private
nonprofit institutions, State and local governments and individuals. .
"This expanding category reflects mainly the Federal support. of basw :
research in.the universities. Much of this“work does not.result in
‘immediately applicable.technology: Also the concentration by the -
institutions of higher learning on Federal research may have made -
them less interested in, and aware of, industrial ‘development neéds.
The special effect which Government funding has had on: nonproﬁt,
1ndependent research institutes is discussed on-page 79.

-Total industrial performance is.shown-in line 6, 1nd1cat11ig that the e
private sector R. & D. capability has more than doubled in the past-10-
years. i Lines 7 and 8 show that the increase has been proportlonately o

.. theisame for both Federal -and corporate funding sources. “The

discrepancies in-earlier years between-lines 4 and 7 cannot be oxpl&med N

by the National Science Foundation -which issues both ‘sets of figures.
- Federal agencies report their furids which go to.industry. ~An n-
dustrial survey -reports- funds. received from government. - Minor
. differences are attributed to accounting practice, the lag" between
- obligations and expendltures a,nd 1ncompleteness ‘of: mdustrla] data
The NSF warns:

The extent of federally ﬁnanced R. & D. pexforma.nce in certam mdustnes may

be understated because some compaties, in reporting their R. & D. figures, f4il
to account for the portick of company initiated R. &:D. projects: md]rectly
financed through overhead payments under Federal contracts.” = :

“None of these reasons would’ account for the mdust,ry total’s belng'ﬁ
- greater than the agency figure as is'the case for 1957 61. ‘
" - :The very large impact of just three agency grams is - shown in

“lines 9, 10, 11, and 12.- The ‘Department of Defense,” the Atomic '

Energy Commlssmn and -the National Aeronautics and Space Ad-

‘ministration, in their national secufity/prestige programs represent .

(()lxlrer half the total US R. & D, act1v1ty in eaoh year since: 1960'
nel8). -~ i~

"The Depa,rtment of Defense alone has funded 0ne~th1rd of the tobal
for the past 10 years. These R. & D. programs were seen to bevital
“to the national goals and strategies involved, and so have generated
their own funding justification; facilities, and management Tesources
in the military/space indust In this sense the R. & D. Tesults -are
n excess to tgose which -would have come normally from commercial

and other Government projects.. .1t cannot be said that the same .
amount of R. & D. would be performed (but for other purposes) if
these three agencies did not exist. - There isno R. & D.."pie” to-he- = -

divided up. Rather, R. & D. is funded, both publicly and pnva,tely
in the amount judged necessary to support missions and objectives.

The only limiting resource is trained manpower; and the redeployment - v
of scientists and engineers is & major concern as large technology =
programs wax and wane, or as. emphaSJS shlfts among ﬁelds and

disciplines. .
" 7' Op. cit. ref. 54, . ix.




B. Distorrions 1v. U.S. TECENOLOGY -
. _ 1. SPONSORSHIP 4 _ )
Research and development has an uneven character which is re-
flected in the kind of technology in the reservoir available for transfer

efforts. © To document and. describe these distortions, a 10-year total
_is examined in.table 1. From 1957 to 1966, $158 billion worth of

. scientific and engineering activity was performed. . The Federal Gov-

-ernment has provided 63 percent {line 15) or $99 billion of the money,
-. while 74 percent (line 14) or $115 billion was performed in the profit
~ sector. - Of the $99 billion, $63 billion or 63 percent (line 16) went to =
industry. Teee ol T S o
~The %l & D. resources of industry were devoted to Federal pro-
grams: to the extent of 57 percent (ﬁne 17),- or $66.5 billion: cut. of:
$115 billion. The amount of R. & D. performed complstely external
.. to.conmimercial laboratories: was $36.3 billien in this decade. Fortech-

nology transfer considerations, the results of this work ‘must be-

packaged and fransported across Government-~industry lines if they
are to be useful in civilian applications. The entire $99 billion Federal
portion may be considered to have been performed primarily for
Government agency purposes even. though 63 percent of the work
was. in industrial laboratories. Thus, some special effort is indicated
to obtain the fullest use of about two-thirds of all the R. & D. work

. .in the United States in the past 10 years. This is the rationale for

- seeking-a clear policy for technology transfer. = "7 .

Cre @y MANPOWE.'R

. . .-A measure of the distribution of scientific manpower résources may
be gained from table 2.-- These data represént returns from a survey
of about 415,000 individual scientists in the United States, believed
to include 90 percent of the Nations natural science doctorates. . It
should be noted that engineers are not covered by this survey. Re-
search -and - development: work .accounts for about one-half of all
scientists and about one-half of this portion is employed in industzy
(47,463 out of 223,854). = Basic research is concentrated in universities =
while -the: majority of applied research employment is in industlg.'

- All types of governmental activity account for 18.2 percent of R. &

scientists. . . e T
-Of significance to technology transfer is the fact that about-half
the R. & D. scientists are.in some other type of employment than

.. industry. This infers that good communications are. essential if

_ industrial workers are to have wide sccess to new scientific knowledge.
- 'This scientific manpower distribution does not correlate too. well
with the dollar distribution-in.table 1., Whereas the. percentage of
R: & D. scientists in industry. is 46.5, the percentage of dollar per-
formanceis 74. ~ (See p. 32.) - This is probably due to the heavy engi-
neering effort in industry which is not reflected in this table.. It is
estimated that 358,900 .equivalent full-time scientists ‘and engineers .
were employed in industry to do research and development -as of
January 1966.5" _The total number of scientists and engineers in the
United States is estimated for 1966 at 1.5 million (see table 3). -The

S msop.éit.,refereﬁce&é,p.l_z-"
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total R. & D ma.npower ﬁgure for all performers is est1mated at .

.. about 500,000.

_TABLE 2.'——Number of scientists, 51; work,' actz’viéy and z'ype'of employér, iQﬁ_’#

- ‘Mype of employer
- Work activity i Total ! Edues- | Fed- | Other Non- | Indus- | .-

. . . tional eral governs | Mili- profit | tryand {° Other -

' ' institu- |- Gov- | ment tary | orgeni- |- busi- T

ttons jernment : - zation ness

All activities. ... .... .. 223,864 1 77,727 | 23,405 7472 5,822 8,722 84,421 16, 595
Research and development..| 77,680 | 26,302 | 10,242 2, 006 999 4,344 [ 32,741 976
Basle research 35,781 | 18,804 , 002 779 31| 2,8: 68 378
Applied research - , 254 8,047 4, 536 1,148 405 1,738 | 15,924 ., 482
Research management 24,668 | - 2,708 [ - 3,846 908 - 631 | 1,257 (14,722 41
Total R. & D.. 102,267 29,185 | 14,088 | 2,914 | 1,630 | 5,601 | 47,473 1,386
Percentuf total B, &D .. C100 28.4 13.8 2.8 L6 6.5 46. 5 1.4

1'Adapted from “American Sclence Manpower, 1964, Natlonal Bcelence Foundation, NSF 66—-29 1966, . ' B :

tab]e 11 0 60.- . o

Tapte 3;—Scmmmsrs (INCLUDING SocraL SCIENTISTS) AND. ENGINEERS, BY
: InstrruTioNn IN WHIcH EMPLOYED, 1965 o

Industry._____r_____u____u"_____h,____u_ _____ U L 010 000

Government (Federal, State, and local) ________________ : 235 000 7

Colleges and umversxtles__,_' _______ siesonsloo. Coloill IR 17o, 000 .

Nonproﬁts_f-_;r _____________ L —_:__'_Hr_'_’:___:r-__-__?__;f_-',‘__’-::j 16, 000__ e
Totall. Ll L 1,436,000

Source Information supptied to the Legis.]atlve Reference Servioe by Mr Normeu Selzer, Oﬂice of

Economic and Manpower Studies Natlonal Selence Foundation, February. 19487, ;

8. INDUSTRIAL. SECTORS

"-Another distortion is presented in table 4 Where the largest mdustry I

sectors performing R. & D. are listed. These five industries are seen- A

to- account for 83 percent of all ‘industrially performed R. & D. as
estimated for 1967, The same five accountfor 92 percent of Federal

funds to’ industry and 73 percent of all company funds. - As might

- be’ expected, ‘the aircraft and missiles (space) recategory together

“with electrical equipment and communications dominate the entire -

picture, repréesenting 84 percent of all Federal-funds to industry.
The impact of these expenditures is noted in the frequent reference to

jet air-transports and computers. as prlme examples of technology ;o

transfer to civilian-application.
The concentration of R. & D. in these sectors is out of proportlon'
to their importance to the economy in sales and employment. -Federal
‘money %)rowdes the ‘bulk of aerospace and electronics work; while
private funds are the mainstay of research and development in chein-
icals, transportation and  machinery. Perbaps the” distortion is -
shown mete clearly by the industrial categories which are not repre-
sented in the table. “For 1965 (the last year in which information is
available) the National Science Foundation lists the following indus- -
tries as each performing ‘only ‘about 1 percent of the ‘total private
sector - R. & D.: food and-kindred products; textiles and apparel;
lumber, wood products and furniture; paper and allied proi ucts
rubber products, fabrmated metal producte and stone clay, and glass

[



- _ roducts,ﬁ";'“' et these mdustrles a,ccount for a substa,ntml ortlon of'
I ¥ . p

the gross national product :

-+ :In another study, it is pomted out tha,t “the 20 ma,nufa,cturmﬂ
' compames with the largest R. & D. programs accounted for 58 percent
- of the R. & D. funds but only 18 percent of the net sales and 21 percent

of the employment of .all ‘manufacturing ‘companies that reported

" R. & D..performance.” ¥ These same 20 companies ‘accounted for

71 percent of Federal funds but only 38 percent of compa,ny funds for

1ndustr18,11y performed R. & D.

! TABLE 4—R & D, performed by indusiry classzﬁcatzon, 1.96’?’—Est1,mated
: : S empenduures 1, _

‘[Deollar amounts in billions] - =« -

- _ o N ) S "Federal -
- Industry ’ Company | Federal Total funding .
AR R funds’ funds. .} ..c.C as percent -
. . of total -
AL ___________ Cogsz | oo | emi| 0w
Adreratt and missiles ____________________ e - ‘ .7 IR 88
Electrical equipment and commumcatlous D, 1,38 245 | 88| - 85
7 "~ Total ofzmdustnes__'_-.‘...' .............. S 2.05°. 7.45 | 9.5 78,
o 2—mdustry total a8 percent af all mdust,nesh.”_,...___,_ il .- B4 C BB |l
*_Chémicals and aflied prodaets...—....: el $L6 ) $0.3: 0. $Lo9) .18
Motor vehicles and other tmnsportatmn eqmpment-_- e 126 | 15 N P AR |
Machmery...;. ........................................ RRER TS I RNURR. R IR X 31 AR |
7 Total of 5 industries: i i 60 [ "Bz | 42| 7 BB
' ﬁmdustry fotal os percent of il InduSErY.o oo B e )

1 Adapted l'rum da,l:a in ]'.ndust;rial Research Ja.nuary 1967, p 53 (reference 56)

So it can be seen that the appecr&nce of new technclogy is not
umform throughout the economy. - It is more readily available in &

- few large companies in certain industries. Many other firms, large

and small, may look at this concentration of research results (provided -
largely by public funds) as a desirable source of technology if a transfer
process can be provided. -However, industries-not heavily involved
~in R'& D are'usually those where technology has not yet been judged.
to be a critical ingredient for growth and survival. . Firms which do .
not presently support some scientific and engineering-activity of their.
own are not likely to be alert seekers of transferred technology.
Other breakdowns of the gross total of R. & D. dollars are useful to .
show the type and character of the work. These divisions do not
imply that there is anything wrong ‘with the allocation of scientific

.resources but they do mdicate the relative volume of different.kinds. '

of - technology- available for transfer. Some research ‘fields which -
- might seem most relevant to civilian commerece or new publlc problems
have not been heavily supported by Federal fundin

. In_the 10-year 1957-66 period, $10 billion of Fe%era,l fundmg has
gone to basic research, $20 billion to apphed research and. $70 bllhon

Y10 development .58

T

7 e Op. eit., reference 55, pi A
.57 Op, eit., reforence 54, D 4
-"501) cﬂ: Tef. 53p 160, °. -
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The basm research Work for the most part ‘does not take ideas fa,r '

enough along to provide technology for transfer, although research

resulis themselves are highly transferable among scientific fields for -

further development. The $70 billion produces a great deal of tech:
nology in the course of -development, -invention, innovation and

preproduction engineering. There i is 1o avallable brea,kdown of thls o

sum as to ﬁeld of sclen('e

4. FIELD OF SBCIENCE OR ENG]’NEERING

" The $20 billion for applied research in the Jast decade 15 °a prlma,ry
source of transferable technology and some view of its distribution can
- be gained from the following percentage composition as estimated from
date for fiscal year 1967.% In decreasing order of support, the fields

are: -Medical sciences, 19.6 percent; aeronautical ongmeermg, 8.7

pereent; astronautical engmeerlng, 8.3 percent; electrical engineering,
8.3 percent; solid earth sciences, 6.9 percent; physics, 5.9 percent;

social sciehces, 4 percent; chemlstry, 4 percent; atmospheric so1enoes :

4 percent; .chemical engineering, 3 percent; mechanical engmeermg,
~3.percent; metallurgy and materials, 3 percent; biological sciences;-2.3

percent; psychological sciences, 2. 1 percent; mathematical sciences,

2 percent; agricultural sciences, 1.8 percent; oceanography, 0.7 percent;
olv11 engineering, 0.7 percent; and astronomy, 0.4 percent.

- The significance of this composition for technology transfer is that '

some lagging civilian industries (e.g., textiles or housing) are unlikely
to find %&rge blocks of federally sponsored research directly related to
their operations.  This does not mean that some novel device or tech-
nique in astronautical engineering would not be applicable. But the
overlap of fields of science and engineering may not be substantial.
- So, horizontal transfer with subsequent further development will prove.
to be more. likely than the straightforward acquisition.of. technology -

. -

in the industrial field which needs on]y vortlcal transfer mto sala.ble o f-'

' products : e e
S S - B. GEOGRAPHICAL DISTRIBU’I‘ION

The geographmal dlstrlbutmn of R, & D. porforma,nce also poses e

problems for technology transfer; The word. ‘geographical’’ is not the
correct adjective to describe -the nonumformlty of R. & D. within the
United States, but its inferred meaning is well known. . Equitable.
distribution does not refer to an equal number of scientists per square
. mile; rather, the concept is that%{ & D. are important to economic -
vitality of a region, both as prerequisities for industrial growth and

as support for continued progress. For a variety of reasons, agglom- -

eration of scientific laboratories occurs. These concentrations match.
fairly well the industrial cénters of the United States, particularly the

Los Angeles-San Franclsco Milwaukee-Pittsburgh, and Boston- -

Washington bands. .

; 8 Op.eit.y reference’53 p. 123




VI TECHNOLOGY TRANSFER AS AN INTERNATIONAL .
PROBLEM i

A FOREIGN OOUNTRY PROGRAMS ,

The transfer of technology from one economic area to another is &
problem common to the industrially advanced countries of the
world.  Both democratic and totalitarian systéms are acutely aware
of the need to speed the flow of technology within the state, and of
the advantage in institutionalizing innovative mechanisms between
~ research’ programs and industrial and commereial sectors. Underlymg
this concern 1s a recognition of the mcleasmgly nnportant impact of
science and technology. on economic development. Government
economic plans are being broadened in scope to take into account
national strategies for the utilization of scientific and technological
Tédources. Yet, economic plans translate into operating programs that
vary somewhat from country to country. . Differences in the public/pri-
vate relationship and in the technologloal complexion of s particular
_. ‘nation provide the motivations for the varloty of approaches deswnedf

: to facﬂltate technology transfer ' , .

1 USSR

The Sowet Umon has experienced dlﬂiculfsy in spreadlng techno-:
1001cal know-how throughout their industrial and commercial complex.

- An organizational gap has existed between basic and applied research—

the former . is under- the aegis of the Academy of Sciences and the
latter is largely located within the industrial ministries. The Soviets
have had to contend with a semisutonomous growth of many of
their induistries, which has prompted the pendulum of change. to
swing from’ centrah?atlon to decentralization in the searoh for more

- effective coordination across ministry lines. -~

. Recently top Russian science administrators and party -officials
-'showed " great concern for the technology transfer problem. At -
the 23d Party Congress in 1966 new policies and programs were offered..

More scientists will be encouraged to work in applied research and

development facilities. Information networks are planned under the

direction of the All Union Institute of Scientific and Technical Informa-

tion (VINITI). The network, as conceived, will connect territorial

-and functional information centers for the purpose of preventing dup-
lication of research activities and facilitating management control.

Included wﬂl be all unolasmfied rosults from  the space and defense_

programs. = .

"Three other natlons—G-reat Bntam The N etherlands and France—m

- offer illustrative examples of how other governments are proceeding to,

" solve this problem. Meaningful comparisons can be made between

these three countries and the United States because of the similar
political/economic structures. and . the heavy. comnntment of eachf

. government to the support of” research and; development

- 77—217 0—67-——4 : S _, _ Y
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2. THE NETHERLANDS

The Netherlands has created a unique sclentific mstltutwn The

Central Organization for Applied Scientific Research (TNO), estab- .

lished in 1930, is a science service corporation independent of govern-
mental control It is the axis on which turns the Dutch system of
. government/industry partnership in’ the apphcatlan of  science.
. Through the efforts of research institutes, service departments
' (Mathematlcs and Statistics Department, Patent Department) and
nutnerous committees, TNO. attempts to respond quickly to the
research needs of mdustry :

A board of directors composed of experts in the natural scierices and
economic affairs governs the Central Organization. Four specialized
research organizations—Organization for Industrial Research (1934),
Organization for Nutrition and Food ' Research (1940), National
Defense Research Organization - (1946), Organization for Health

Research. (1949)—are constituted under the Central Orga,mzatmn, o

which coordinates “their activities,

" TNO receives support from the government and private mdustry

The Ministry of Finance grants to it an annual subsidy (67,000,000
Dutch gilders in 1966). The funds are allocated according to the needs
of the specialized organizations and provide for the acquisition of
equipment, ‘facilities and personnel. fll decisions ‘are made by the
governing board ‘in conjunction with the directors of the four research,
bodiés. - Governmerit influence, however slight, is to be noted in that

each Ministry with a divect concern in the activities of TNO sends a | -

delegate to the board.
Industry supports TNO when & contract is made Wlth one of the
research institutes or service departments. A corporation that decides
it needs to have research done on a problém is free to negotiste with
TNO. Onece the ~agreement is made, TNO takes steps to protect the
proprietary rights of their temporary client. Medium and large size
industries account for almost all of the research. “For small industries
(below 100 employees) . . . thehard fact is that they donot know-—
even still now do not know—how to fit science in. thelr shops.” 58 - -
The result of this fitmly established institution is a tnangle of 1nter-
actmn between government, enterprlse and sclenee L

3. UNITED KIVGDOM e

: a The M'Lmstry of Technology

“When the Labor Government stepped into power at the end of 1964
it brought about a drastic change in the governmental organization for
science and technology. A new Ministry of Technology was created
which would command ultimately the entive research and development
functions of the British Government with the exeeption of Govern-
ment-supported research at universities. (The Ministry of Science

and Education would retain that responsibility.) The reorganization .

was predicated on the assumption that a ‘‘modern industrial nation
requires & colicentration of power in an organmatlon capable of
initilating change.” ®° ‘ e

4. U.8. Congress. House Subcomnuttee on Seience’ Research and Development oE t.he Committe.e on
Seignes and Astronautics, Bighth Mesting of the Panel on Science and 'I‘echnology, statement by . W,
Julius, “Govemmenblndustry Partnership in Scientific Applicatmns 90th Congress, 1st Sess Janua.ry
24, 1967, Washington, D.C,, U.8, Govt. Print. Off., 1067. 11 p.

60 THhe Short History or t,he Ministry of Teehnology," Nature, Ju]y 9, 1866, p. 115,
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The entlc1peted consehdemon of resea.rch and development fine-
. tions -was not consummated. until late 1966 when it was announced
that the Mmmtry would be responsible for all defense research and
“development, - The action erased much of t.he uncertelnty about

o . fulfilling the original mandate.

.The innovative approach that the Ministry Would teke has been
eummenzed by ane Minister Wilson. The three me]or funetlons
- would be to:
" 1. Generate general teehnologlcel advance end deal effectxvely
_with factors which promote or impede such advances: ‘
—forge closer links between industry, government, and
. universities in ideas, people, and research.
. —increase flow of talent into technological dlsc1p1mes
... —disseminate information on technological development
i --——anelyze impacet 4 of mcentlves on. promotmg mnovetmn ,
¢ o7 in industry. -
2. Im rove the Government role of stlmulator by enhenomg
“fall out” of in-house research. Four areas were mentioned:
h —-Atomic Energy Authorit
—National Research Deve%pment Corporetnon
- —relevant. Government research stations.
—contacts with some 50 (eutonomoue) industrial researeh '
I " associations, :
3. Encoura,ge scientific. and technologlcel ‘advances in- Bntlsh
.. industry. Thisisthe other side of the coin described in item 2.
... Organs ce.pe.ble of deahng w1th ‘this problem are vu-tue,]ly the
_same; '
- U.National. Research Development Cerp
—Industrial Tesearch. associations. ‘
. —Special research bodies in teohnology end more mdely
" theresearch stations..- -
- —Industrial economic: development eounells ‘
Early interpretation - of - the Ministry’s mission pointed towerd
- a.dramatic across-the-board .approach for-improving Britain’s eco-
_nomie.- condition; “In ‘the ‘process the- Government: was perhaps
-overly optimistic about the speed at which: “fallout” would oceur. ‘At .

- thesame time, the Ministry inherited: a host of institutions that elreedy

-~ had specific orlenta.tlons and -used preferred approaches. - It is this .
-, diversity of .approach’ within an admlmstratwe Whole Whlch best

- -characterizes the Ministry today.

- The atterapt to:speed the science to sales process is embodled in ‘

. cooperetlve research, -and development assistance programs as well as

the: actlwtles of 1ndustr1a1 halson centers a.nd mdustrlal resea.rch

- agsociations.

: Coopera.twe résearch metltutes serve the needs of speclﬁo lndustnes-
~ or specific technologies. ‘In many ways they are functionally similar
-to agricultural research stations and-advisory services. In 1963 these’ -
institutes received $32.5 million, 19 percent of which was supplied by .

,_: . the Government. One-fifth was directed . toward .basic research, -
L one-helf toward apphed reseereh and the remamder la.rgely for _

B servmes ) ) . .
' u Wilson, Harold “Scienee, Industr_v and Government. '’ Nature A’pr 17, 1965 pp 231-232 .
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b The National Research Deeelopment Corporation -

‘ Development assistance programs are executed by the Natmnal .
- Research” Development Corporation. In a unique way the British
have 1nst1tut1onzﬁ1zed entrepreneurism:  An-independent - ”pubhc o
corporation, NRDC is financed by the Ministry of Technology with -
Government grants.  NRDC is designed to promote the adoption by
industry of new products and processes invented in governmental -
laboratories, universities, and elsewhere. It advances money where
necessary to bring new ideas to a commercially viable stage: )

The Corporation ‘“‘underwrites” industry to promote inventions

that the private sector would find either too-costly, too risky or that

would take too long to develop. - ‘For inventions t at are successfully

exploited, NRDC expects in Teturn to receive & share of the profits, . .

Although ‘solle successes’are recorded, the record of the NRDC -
- from July 1, 1961, to March 31, 1966, shows that $23,795,650 have been

‘invested with & net loss of $15 386,250.” It may be that the early |

operations were experimental and the concept will ultimately prove to
be a financial success. Some observers believe that the Corpomtlon‘
-is under considerable pressure from Government research labhoratories
to promote technology which has & relatively low utilization potentlal :
ha,vmg already been passed over by the private sector.
- Development assistance has covered a wide range of technologies.

‘Projects in computers, fuel cells, flexible oil barges, pharma.eeut.lca,ls R

cryogenic engineering, diesel engines, variable speed gears, potato
harvesters, phototypesetters; and others have been sponsored. Per-
haps the most spectacular is the Hovercraft, a ground-effects machine
whose development into a transportation veh1 e led to the formatlon :
of a new private" corporatlonh—Hovereraft Ltd : S

el Industrial Ligison Centers

Industrial Hiaison centers pr0v1de a - means for the M1n1stry of .
Technology  to- foster ecoriomic and social development while, at the
same time, to gather information on obstacles to technological in-
novations and on the needs of industry for technical support.. In-
dustrial ligison officers ‘work- out of the centers which are based at
colleges of advanced technology and regional and . area . technical

_schools. The officers are charged with the.responsibility to establish -
and maintain a dialogue. between mdustry, the Government and the -
universities. Because an increase in industrial productivity is-the
current goal of the British Government, technology transfer is being-
concentrated on the large firms which have & major impact on ‘the
foreign trade position. . Contact is made with the local firms to in--
form them of vovernment,al and university services that are-available.:
At the same tlme, by analyzing the problems of a particular firm the: .
officers-can identify specific needs and direct, pertinent-information to
the firm. - The advisory facilities of the’ university related to research,
development productlon and de51gn are an 1mp0rtant element of the'
service provided. o

*d. Industrial Beseaioh Assocmmons o R b
Another ‘activity of interest is the mdustrlal researeh assocmtmns :

A total of 48 were supported by the Ministry of Technology for a ¢os I

. # National Résearch Development Corporatlon 17th Rept 1965—66 Londoen: Her MaJesl;y's St.ationery )
Oﬁice, 1066, p, 12. ) o
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of $10 million in 11966, These associations fc_)rm. a mechanism: for

L exchanging information, providing library services, and organizing

- conferences within s specific.industry. For example, the British Iron
' & Steel Industry Translation Service (BISITS) is a cooperative ven-

. ture that has brought together the major iron and steel companies of
the United kingdom, the Iron & Steel Institute, and the British Iron

1 & Steel Research Association (one of the Ministry-supported. assoeia--

- - gkills required.

- tions),” AR, o : N
~ Computers, standards, and machine tools are technologies that ths
Ministry ‘has placed high on its priority list. A National Computer
Cénter was established to provide services to all industry, coramerce,
and local authorities to.improve programing techniques, make them
‘more widely and easily available, and increase the supply of the special

A refinement of present standards of measurement and 'a shlftmg

.. from the English to the metric system are being encouraged by the
~ Ministry, not only for domestic economic reasons but for the improve-

ment of England’s competitive position internationally. - -

: | , SRS | . "pj;,_;ﬁcﬁ' IR | L

: T_In"Fi-‘aIipé_ the sﬁprem'e_body_ for policy. ‘plan.hin'g'.-'i'n science and
technology is. the Ministerial Committee for Scientific. and Technical

Affairs. Its job is to coordinate the research and development expendi-

" tures of thé various branches of Government. The Minister of Scien- .

- tific. Research and Questions of Nueclear and Space Research is also

at. the .ministerial level and a member of the -commitiee. The, inter-
ministerial committee is. assisted by the Advisory: Committee for
Scientific and Technical Research, which is composed of 12 sciertfists.

" These committees have a joint secretariat, the General Delegation for

L a. National Center for Scientific Reséarch =~

. -Scientific: and: Technical Research (DGRST). It is-the Government’s
- general staff for the conduct of science policy but-also has: its' own
" budget for-operating programs.... Tt S T A AR Y

h .. Despite the rather elaborate network, France has anly. ré,cen’t_ijr

. taken steps to foster technology transfér from the governmental to

industrial sectors. One focal point for this activity is the National
Center for Scientific Research (CNRS). The Center’s funetion is to

provide funds for fundamental research to universities and independ- .

ent research institutes established by it. Shortly after the French
finished their study of the NASA technology utilization program in
early 1966, Science Minister Peyrefitte proclaimed the need for a
. similar program in France..In the proposal that resulted, a National

.Agency for Research Evaluation (ANVAR). would. be affiliated -with
CNRS. ANVAR would be financially autonomous and industrial and

.. commercial in character. This Agency would cooperate in the evalua-
. tion. of the results of scientific and technical research carried out by

public' services and enterprises, particularly Iaboratories associated

. - with universities and CNRS. It would be able to lend the same coop-
. eration to isolated inventors and enterprises in the private sector; after

.- . Ventions, exclw

" afavorable recommendation from the Committee on Inventions which .

would report to ANVAR. In this way it would seek to establish sll

. the necessary operations for development and evaluation of these in-
tﬁng industrial utilization operations themselves.
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Another function of CNRS is to act as a documentatmn center by‘ k.
Illp ying. scientific and technical documents, by issuing -abstract

servmes

b. Deoelopment contracts

Risk sharing by the French Federal Government w1th ﬁrms ce.rrymg :
out development work was relatively small until recently. Between
1957 and 1965, 50 development contracts were partially financed by

the Ministry of Industry. These contracts are made with indugtrial
* firms for development work in areas where the Government is not the
- primary customer and where opportunities for innovation are favor-

able. Beginning in 1965 money was budgeted to the General Delega-

tion for Scientific and Technical Research for engaging in development
. contracts with private industry on behalf of the state. From an’original
 amount of $2 m1ll1on the fund was expected to increase greatly in
the future.® - : '

-¢. New techmcal acr‘tmttes : :
Several new technical a.ct1v1t1es were launched during the course of

etins and rev1ews and by prov1d1ng translatmns and hbra,ry o

the last general plan (fourth plan, 1961-64). The purpose is to support o
_technical research sectors where the ground would not be broken but . -

for-the intervention of the state. The 10 areas targeted for under the
fourth plan; at an initia] cost of $75 million, nclude research in me-

chanieal engmeermg, bulIdlng and pubhc roads and macromolecular -
ohemlstry' B

B THE UNITED STATEs AND ’WESTERN EUROPE—RESEARCH AND g
: . DEVELOPMENT IN THE CIVILIAN SECTOR

Frequently, one or another variation is heard of the theme tha,t our
: country is not committing enough research and development funds
to- the civilian: sector. - Sometimes it is ‘asserted that this lack of -
attention is occasioned by too heavy an R. & D. commitment to'space, -
atomic energy, and military purpeses. In one way or another, these
observers conclude that the United States is not’ malntammg Ats
technological competItweness W1th the other industrially advanced '
na.tlons of the world. -

‘On ‘January 26, 1967, Dr. Paul G‘rroga,n D1rector Ofﬁoe of State _
Technical Semces Depa,rtment of Oommerce, in a statement before
the Special Subcommittes on the Utilization of Scientific Manpower
of the Senate Committee on Labor and Publlc Welfare said that: .

Teohnologmal ‘change abroad has: increased forelgn competition:. As forelgn_ :
industry becomes more selective in the application of new technology to produce
. goods used in the ecivilian econorny, competition becomes more mtense ‘and

displaces American goods, jobs, and -pusiness opportunities. /
. Comparable émphasis is lacking in 'this country with respect to the use of

advanced technology to produce. goods for consumer markets at home and- :
abroad.®

- On the other hand the report "Technologma,l Innovatlon Its'
Envn'onment and Menagement 7 released by the Department of -

Commerce in February 1967 and prepared by its Panel on Inventlon_ o

& Qgyernment end Techniesl Innovatien,’” Organization for, Economm Cooperation and Development R

" Paris, 1066, p. 24,

o Siatement by Dr. Paul Grogan, before the Special Subcommittes on the Utlliza.tion of Selentific Man-

gower of the Senate Committee on Labor and Poblic Welfara January 26, 1967, stenograph:c t.ranscrlpt of
earings,; Vol. No. 3, p. 207. ) o
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. and Innova.tlon, referred ‘to the ‘“technological ba,lanee of payments,
-a terni introduced by the Organization for Economic Cooperation and

- Development in their report, “The Research and Development Effort .
. in 'Western Europe, North America, and-the Soviet, Union.” (Also

.discussed in the section: on the technology gap, p. 49). The effects
_of technological change on international trade were considered a per-

" “suasive Teason why the Federal Government should be concerned

) E that:

-about the promotlon of mventlon and 1nnovat10n The Panel noted -

The OECD complla.tmn shows the United Sta.tes receiving roughly 10 tlmes
a8 much in technological payments from abroad as goes out in payments to ofher
nations.  ‘This is a very s1gmﬁca.nf, secondary effect of muovatmn in the Amenean

~-.7 . economy.%

On the basis of a eomp&rlson of 1eseerch and development funding
in the United States and Western Europe it can be shown_that in

e ~ absolute as well as in relative terms the U.S. effort in the civilian

sector is more substantial than the Western European effort.  Table
5 presents figures and percentages brought together from two' tables
- in"the OECD study. In 1962, the latest year for which comparative

* statistics were available, the United States had. 2 gross expenditure
on research and development (GERD) more than four times greater

. * _than. the combined total of Belgium, France, Federal Republic

 of Germany, the Netherlands, and United Kingdom. In terms of
- GERD, as a percent of GNP the ;Umt_ed Stetes invests twice the

o percentage of the Europea,n countries.

- 8 Technological Innovation: Its Environment and Mauagement rU.S, Depart.ment of Commercc,
g :_Jnnuary 1967, Wa.shlngton, D.C, U 8. Govemment Printing Oﬁ'lce page By oo :




TABLE 5~wEstzmated gross ea:pendztwe on research and development (G’ERD), grass namonal ;praduct and pamczpatwn by ecaﬂomzc sector '
United States and selected Westem European countmes, 1962 T . i -

o _Peﬂormunée' !

Source.of funds

GNP at .
GERD market price | GERD as |-~ o e - S : o

Country ‘millions of | (milllons of | percent of '| - Business - Higher - |'Government | Basiness “Higher Government

’ T _8. dollars) | U.8, dollars) GNP |- enterprise. | education .| #nd-non- enterprise education™. | . and non-.

N .. seetor . |* seclor profit sectors seetor - sector profit seotor

- {percent) Coet L . ST

- United States ___________________________________ 17, 631 557, 580 3.1 PSP 10 36 [ 2o Ll . 63

Wostern Earope (Belgium, France, Germany, R SR . i .
the Netherlands, Untted kmgdom) ........... 4,360 267, 200 1. 625 9 12 : 48 | Xoo il .57
Belginm______ . __________._ 133 C 13,000 : 1.0 6851 13 - 22 63 - BT
France.__._ 1,108 72, 00 1.5} -48 14 .38 30 “70
Germany.......__.. 1, 195 28, W0 T.3.]; 81 20 19 60 4
Netherlands._..___. 239 12, 800 L8 80 | 14 26 65 35

United K_mgdom 1,775 . 80,000 2.2 - 63 |- b] i 36

1 Table adapted from statxstms in C. Freeman and A. Ymmg, “The Research and De-
- velopment Effort in Western Eurcpe, North Ameriea and ihe Soviet Union.””
Organization for Economic Cooperatmn and Development, Paris, 1865, pp. 71, 72.

. *Ineluded in gove_rn_nf'_ent se?itﬁr.

9%
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Lookmg at the ﬁgures by source of funds, Western Europe is’
slightly. shead in. the percentage supplied by. the business sector—
43 percent for Western Europe to 35 percent for the United States.

When these percentages are converted to total dollars; however,

the civilian sector of the United States outspends the civilian _sector
“of Western Europe by a ratio of 3.3 to 1—$6.15 billion for the United -
" States as compared to $1.87 billion for Western Europe. Relating -
L ghese figures to total GNP the ratio is 1.6 to 1 in favor of the Umted _
- States,
‘A final oompanson can, be made by total performance in the cnnhan'
sector Disregarding the source of funds, $12.45 billion was spent in
- the civilian sector in the United States in 1962, while $2.56 billion was

- ._; _spent in the civilian sector of Western Europe for a ratio-of 4.9 to 1

in favor of the United States. Relatmg these ﬁgures to tot&l GNP,

o _the ratio’is 2.3 to 1.

Thus, the United Statés, desplte its large expendltures for mlllta.ry-. .

. space- R. & D. ., supports its civilian industrial economy with science

| -and:engineering funding to a much greater extent than does Western

S _Europe. The result of this heavy commitment to industrial R. & D. .

is to provide a favorable flow in the balance of payments to the extent -
. that other countries license or buy U.S. technology, Certain fields.

can be selected where foreign concentration of efforts have produced
- severe competition for U.S. firms (for example, steel, glass, plastics

and organic chemicals). - On the other hand, talk .of a technology

. gap suggests the Huropean nations feel technologrcally inferior to -

... the United States in a'number of areas: ‘ Overall, there is no questlon,

- ;_of the rela.tlve teohnologloal strength of Amenca, s

C THE US -EUROPEAN TECHNOLOGY GAP

Forelgn Mmlster Ammtore Fanfa,m of Itaiy ralsed the questron of

a technology. gap between the United States and Europe at a May

. 1966 ministerial meeting of the North Atlantic, Treaty. Organization..
‘The assertion was that Europe lags behind the United States in tech- -

o nologmal prowess and-that the gap was steadily increasing. -
- The gap exists, it is postulated, because.the United States is spendmg- o

more-than  Western Europe on research and development. . The new
technology that results produces a commanding market position and:
a higher economic growth rate. It is argued therefore, that unless

S “the United States assists Burope to reduce 1ts technological inferiority,:

Europe will suffer economically and. be:less strong as a Western ally::
-, ... (Similar arguments are heard from some regions of the United States

_which maintain that the imbalance in the geographieal distribution of.
Federal research and development funds retards the economic growth

0 ratein regions that receive less than their proportional share. The
.. debate_revolves around the question of the relationship. between
research and development and ecoriomic growth,. as compared to-

i other factors affecting: growth rate;-e.g., .managerial a,blhty and fiscal

2. incentives.)

As.a oounterargument it can be shown that the annua,l growth of the

7 total output of the United States is lower than other Western countries: |

. which are not so rich in technology as is the United States. In

R partlcula,r the United . States and Canada are the.lowest of. Western .
T oountnes on the basns of rate of growth per capita.’ However thls
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. prob R
On November 26, 1966 the Whlte House am:uounced the appomt—

sn.nply means that the Unlted States is - fer in adv&nce of other _
Western countries in standard of living. ~ For instance, North America,
with 6.9 percent of the world ulation, has 31 percent of the real
GNP compared with 1nd1mtr1af]4lP

“world population and 25 percent of the real GNP.®

urope which has 8.6 percent of the =

Subsequent  to the ministerial meeting, Fanfani emphasmed the

relation of technology to economic growth and proposed a ‘‘techno-
iogical Marshall ’ to bridge the widening gap. Whereas, the
highly successful arshall plan was entirely financed by the United -
States, the Fanfani: proposal would: encourage European investment
in research and devefopment Nevertheless, the United States would
be asked to make available the fruits of technological advance in’
six fields suggested for cooperative efforts—electronic computers;
aeronautics; space:research; space satellites for scientific, industrial,

and commercial use; atomlc and general energy research; and Water' o

desalination and po]lutlon control -technologies. - -
President Johnson res onded on Qctober 7, 1966, by agreemg to -
* study the proposal ca.reh { and asserted that, “The United States is
t,

read to, cooperate wit e Europea,n na,tlons on: ell aspects of thls_ B
67 . )

ment of . Donald F.- Homlg, the President’s Special Adviser for

Science and- Technology, as-chairman of an ad hoc' committee o _‘ -

study the issue and find-ways to overcome the d.lSp&I‘ItlES (See P 99 '
for Dr. Hornig’s views on-technological change.):

- While the implication of the President’s Speech is that a. gap does' =

in fact exist, there has been much debate over the degree, and even
whether, mstead many gaps exist favoring various nations in different
ways. In certain technologies, e.g:, metallurgy; steel and sHip-

building, it has been noted that the United States.is, to an extent - -

behind other countries. The continuing argumenits over the General
Agreement on Tariffs and Trade suggest that’ technologleel supemcmty
is. not always in favor of the United States. .
1 It has been noted that a “technological Marshall plan’ may be one -
of many approachesto enhance the alliance in the Atlg,nnc cominunity. -

' With an ailing NATO, this may be one way of stressing the need for . ) _. '
a-thorough restudy- of* the obgectwes of the a,lhence——pohtlcal ﬁnd“ o

. economic as well as military. - - .
Former Secretary of Commerce John T\ Connor v1ewed the. prob]em '

in a different way at a seminar on_Technology and World Trade held - .

in November 1966. - He siressed the point that a ‘‘management gap” .

is often the primary problem which prowdes obstacles to the apphca- L

t1on of technological know-how:. -
Pertlcl%,nts in the seminar, including several Europeens, enera,ﬂy
Ngreed r, ‘H. B. C. Casimir, director of research: Iabor&tones, B
“N. V. Phillips Industrles, the Netherla,nds preferred to use the term

“organization gap.’* He-said that even if the United States had a . °

political composition similar to Europe’s—five or six official languages,
several minority groups within each. state, and tariff boundaries .

between -states—it would stlll take Europe 10 to 60 years to brldge e

the-gap.

‘6 Maddlson Augus “Economm Growth in. the West the Tweutieth Century Fund New York 1964
a7 ¢ Presidential address befors the National Cenference of Editorial erters” Oct. 7, 1966, Weekly
Compilation of Pres:dena[al Dccuments vol. 2 No 40, Oct. 10 1966 . 1425 _



thle the Fanfani proposal crystallized the. technology gap issue,
its emergence began before that. -The report, “The Research and
Development. Effort in. Western Europe, North America and the
“Soviet Union,” released by the Organization for Economic Coopera-

- tion and Development. (OECD)} in December 1465, provided a. sta-

~ tistical .comparison. of R. & D. efforts between these three regions: .
The report highlighted the numerical superiority of the U.8. research

.. effort.  Statistics on manpower resources and R. & D. expendltures
L ﬂlustratmg the greater scope.of American aotlwty

.., The report attempted to-measure the effectiveness or productlwtv .
of reséarch and development by comparing each country’s “techno-
logical balance of payments.” The term refers to payments.and

- receipts - between countries for technical know-how,  licenses, - a.nd .
patents B

The. I‘ﬁ.tl@ .of pa,yments to recalpts for the Umted States was well
boelow one (a favorable balance) ; the ratio for Eurépean countries was

B above one (an unfavorable bala,nce) The figures are: United States

. (1961)—.1; France (1962)—2.7; Germany (1963)--2.7. The ratio of

" Western European transactions "with the United States alone is even

higher—35.6'in-1961. In other words, Western Europe: paid the United
- States $5.60 for every dollar which the United States paid them in the.
_exchange for patents, licenses, and technological information, The
- report concluded that some indications of the American lead, as evi-
. denced by the introduction of advanced techniques and the attain-
* ment of higher levels of prodiictivity in the civilian sector as well as

. the greater allocation of resources to research and development over &

- long period of time, are provided by information on the technological
- "balance of paynients between the Umted States and Western Europe,
- a,nd by patent statistics.®® =
Lawrence C. McQuade, Assistant Secretary of Commerce, in an
~April 1967 speech on the transnational facets of technology quoted

recent figures on the technological balance of payments. In 1965,

the United States esrned $614 million’ from all other countries -48
compared to the $138 million that was paid out. The ratio in favor
of U.S:! was 4.5. He stréssed that technology, “by raising productivity
-and lowering costs per unit of production, helps American 1ndustry :
" -compete more effectively in world markets.’” %2
. _.The question of thé technology gap arose only a ionth later, in

_ January 1966, at the Second Ministerial. Meeting on Science spor-

. sored by OECD. In answer to European desites for cooperation with -
- the Umted States in order to close the gap, Dr. Hornig, the U.S. "

representative, replied, in part, that an essential ingredient in the
- technology to roguotlwty cyole is an environment which encourages
innovative application.. :
‘Secretary of Defense McNamara has stated, ‘* * 1 boheve that
‘ the techriological gap is misnamed. Tt 'is not so much a technological
_gap as it is & managerial gap. And the brain drain occurs not merely
because we have more advanced technology here in the United States,
buat rather because we have more modern and effective management.”
(Address at Millsaps Coliege, Jaokson, MISS Feb 24, 1967. )
S Op.. eit, Fnotnntal Tablo §, pp. 74-6.

a. MeQuade, Tawrencs C., “That Troublesome.'Iransnational Techuologlcal Tiger,” speech i)efore the
Western Regioual Conferenc-a on Seience; Indusiry, and Law in ’I‘ransnatlolml Busme.ss Transactions,

E "_University of Denver Law Center, Denver Oolorado April 21, 1967, p 3 .
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=

Whlle the Unlted States stand was a combination- of concern &nd B

skepticism, the Soviet Union tried to take advantage of the issue for -
- its’ own purposes. Premier Kosygin, during his warmly received
- visit to France in December 1966, accused the-United States of trying ~
to dominate Western Europe through 1nternet10na1 ‘science cooperas
tion. He enjoined European scientists and engineers not to add to the
“brain drain” problem and called for greater: technologlcal cooperatlon
 'between-the Soviet Union and France.. : .
- Currently, there are at least four studies in progress deswned to :
~ provide a firmer base of data and a more comprehensive ana]yms of
issues from which judgments on the nature of the gap will be made.
- NATO, OECD, the Common Market, and the Hornig Committee are

expected to make recommendations in. the near future which will be -

predicated on_ the severity of the gap as each group interprets: it.
Particularly within NATO and OECD . the search is on for 1nst1tutlona,l
forms suitable for attacking the problems involved.-

-Oneé recent article viewed the technologleal Marshell Pla,n as a.n'
impractical concept '

The underdeveloped nations would certainly ‘have first call on any Amencan

‘effort on that scale. And besides, American industry would doubtless: view 2
Iatter-day Marghall Plan for Europe as su1c1da1 altru1sm 52 . .

~Yet it has also been stressed that:

Whether the gap is Teal or chimerical, Europe 8 most 1mportant poht:mans be--
lievein its existence, It is therefore, a pelmcal fact to be reckoned thh one that
hasg political consequences. 10

The technology gap presents an lnteresting problem ini - formmg R

policy for technology transfer: The issue is this: if the U.S. Govern- -
ment supports extensive efforts to disseminate technology from Federal

R. &. D. programs to American industry, to what extent would these

same efforts be available to foreign business firms? What restrictions
should be placed on subscribers to government dissemination services?
Or conversely, if the United States agrées to participate in a technologi- -
cal Marshall plan, would the information come from Federal agencies?.
Would the United States in turn be able to. draw on European
teehnolog% S
NASA has & forexgn licensing ; program for ‘patents which it holds

Foreign patents are being acquired to control the exploitation of U.S.
Government sponsored ‘technology in other countries. Firms holding
nonexclusive licensés from NASA in the United States may be given '
exclusive licenses in 11 different foreign countries. Since forelo‘n -
licenses will not be royalty free, foreign firms may be licensed. exclu—_ '
sively in exehenge for a royalty to the U. S Government to help offset
research costs.™

Onpe of. the problems with pa,tents and with’ nonpatenteble 1nf01~ S

mation, publicly or privately held, is that the Government regulates
the export of technical data under the Munitions Control Act and the
Export Control ‘Act. The Departmenf of State administers the
Munitions Control Act by requiring an export license for all technical

" data with Inlhtary utility “that is destined for free world countmes .
o Walsh, John, "NATO A North Atlantie Techuology Orpanizailon,”” Science, Feb, 24, 1967, p. 988

W Nossiter Bernard, “ U.5. Gets Too Smart, for Europe's Good ” Washingten Post Feb. 12 1967, p.- El.

™ Parker, Gayle “Thg NASA Domestic and Toreign Licensing Prugra.ms Techno!ogy Utlhzatlon :
Forum, vol. 4, No. 9, Feb. 1, 1967, NABA, Washmgton, B. C ' D 4 o R
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o Previously p.ublishéd data and those included on a list of exemptions
~are excluded from the licensing procedures. The Department of
Commerce administers the Export Control Act in an effort to control

7 the export of technical date to Communist countries. Nonmilitary

_technical date destined for a Communist country must be licensed. ~
Nonmilitary data to be sent to free world countries do not require
. licensing and requests are not scrutinized unless the possibility exists
“that a Communist country will be the ultimate recipient. ’ .
.. There appears to be nothing to prevent free world countries from
. becoming users of technology transfer services such as the Aerospace
 Research Applications Center, for example. Yet, at the same time,
it Seems that the United States should not freely make available to

: 17‘ ‘ - foreign countries the results of research and development paid for - -
- with publie funds. - : - ) S ‘

: . Some knotty problems are evolving as technology is recognized as
- .a tangible resource -in international economic competition and a
p_ossib%e instrument of foreign policy. Science has always proceeded
under the assumption that research results were to be freely and
widely distributed when they did not compromise national security.
International patent agreements have protected the value of inven-
©- - tioms. | But the gray area of technology, not simply facts and data
- and yet not patentable, is a subject for considerable discussion.
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... VIL ECONOMIC FACTORS IN TECHNOLOGICAL CHANGE . -

: This  section of the report describes the process of technology
- transfer and its relation  to economiec activity.and public policies.
- The subject is complex and new enough so-that a diversity of opinions
~ exists In many areas. Studies have been made from the empirical
. approach of examining case. histories. and correlating  statistics - of
. invention and innovation with economic indicators. -Other studies
proceed from a theory of industrial development to induce and predict
the. role of new technology. Technology transfer is. a socisl science
... phenomenon and will not be. understood with the precision that can
" . be brought to problems in the physical sciences or engineering. . Dis-
agresments on interpretations and cause-and-effect relationships often
"~ cannot be resolved with available data. There are few opportunities
.. for short-term. conclusive experiments.  Thus, po]icy._p}fa,nnjng.--for
. technology transfer:is different. from, and more difficult than; space
© " exploration or high energy physies, . s e e

_A. PremisES - -

-...1. BCONOMIC GROWTH. IS A, NATIONAL GOAL .. . (..

2 In order to confine this study to reasonable dimensions, certain
.7 .. premises arz adopted. First, economic growth on a national scale is
..~ assumed to be desirable. The rate of this growth should be greater
- than the population increase to enable the United States to improve
~the standard of living for its own citizens and to meet the mountin
requirements of world leadership. Economic growth occursin several -
| ways, among. them being increased productivity and the addition of
“’. new products, processes, and services. These growth factors depend
_. on new technology which brings changes in the makeup of the economy.
. One of the major effects of new technology is the reorientation of
supplier-purchaser relationships among industries.  For example, the
: increasecf use of plastics in automobiles means that the same product
. is made from different material. The plastics producers benefit at the
- ~expenseé of metals. . Another example is the, “invasion” of the copying
ﬁ:efd ~by xerography which is. threatening = conventionsl copgin
S _equipr(rilent_. " The net results to the economy of such changes is har
“- ‘to predict. 7. T e
" Negative effects of technological change are most commonly thought
of as unemployment because of automation or occupational obsoles-
- ‘cence. Feather bedding is a defensive reaction to the replacement of
;- labor with machines. These social problems cah be mitigated by
. advance planning and reeducation. The long-range result of auto-
.mation can be a redistribution of the labor force into higher skills.
. .- 'The depersonalization . which accompanies high productivity can
bring .a degradation of quality values in goods-and services. - There is
... & vestige of Luddite ci},ink,ing in some attitudes and reactions-to
.- technological ehange.- "< " LT L e




3

54 .. POLICY PLANNING FOR Tncrmonoer TRANSFER

“Technological change also may detract from economm growth 3'
substituting new goods: or services with less economic worth for old, .
or by social costs such as deaths and property damage from the auto-

mobile. Nevertheless, technological change has had a great net =
-~ beneficial eﬁeet on economic growth desplte spec1ﬁc problems nsome .
_.areas. S

- TECHNOLOGICAL CHANGE IS DESIRABLE R

The prelmse of fostenng technologmal ohange 1mplles that the a.va11a~' L
bility of scientific research and development results must be adequate

~to-the needs of industry. ~Change’ via new technology’ means the .-

acquisition of facts and know-how by industry. = The technology is new
to-the user, not necessarily new in the sense of having just been created. .
New technology may be acquired by performing directed ‘experiments
suggested by the recognized application needs, or by selecting the use- = .
ful knowledge from the reservoir of prevrously performed resea,roh and -
development i

- Technological change 19 mam_ly concernéd withinnovation-—the I'lSk-r o

ta,kmg step. of introducing inventions or ideas into: the economy )

Buccessful innovations thén diffuse into other industries and uses.”

'change, it may represent only 5-10 percent-of' the total investment in o

While new technology is the essential first step in teohnologmal}

a new product or process. It is estimated that subsequent costs' are
divided: engineering, 10-20 percent; tooling, 40-60 gercen_t manufa.c—

“turing, 5-15 percent and marketing, 10-25 percent.

The magnitude of the risk depends on the market assumptions made - |

by the entrepreneur and the quahty and quantlty of technology e,vaﬂ- o

.- a,ble to hlm

kN MEANS OF ACQUIRING NEW TECHNOLOGY o

As science ‘and engmeermg heve developed “the complemty of
research projects in“equipment and manpower has tended to increase
the minimum size (or critical mass, to borrow a concept-of nuclear -

shysies) for an efficient laboratory operation. - This investment may
Ee too much for many firms. Even large industrial research labora~
tories ‘do not contain expertise in every field of science. Further,
the great variety of seience which may contribute to (or be neoessery

for) a complete innovation precludes the direct experimental acquisi-. -

tion of all the facts. -~ Itis ‘economically imperative that existing knowl-
edge be used to the fullest. The expense of obtaining khowledge by
transfer should be considerably less than the cost of 'directed research.

But the costs of packaging and transporting technology are not zero,

- and the quality of the technology may not be known with confidence.

In any event, transferied technology is now cobsidered along with

: resea,roh-acqmred technology as a slgmﬁoent source for the prooess of o

teehnologmal chenge

4 INFORMA’I‘ION SYSTEMS WILL BE DE'V'ELOPED

Technology may. be oonfused with sclent1ﬁo arid techical mforma?
tion.- Whet is transferred 1s, “of course, mforma,tlon And  the

2 Holloman, J. Herbert Technology T:ensfer Address before the Conferenoe on Teohnology 'I‘ra.nsfer_ c
an_t_} gmovatzon 6].}I’a.tiomal P]annmg Association, Washmgton D.C., May 16, 1966,
p. Cit., Tef. ) ) :
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: developmg mechanisms and orgamza,tlons for handling teohmca,l in-
- . formation are basic- to the technology transfer process.” Much tech-
- trology - is-included in research :reports, scientific: papers,: drawings,| -
. specifications, performance reports, economic analyses, and the docu- |-
]lljardware and process development. But much tech-
. nology also remains unreported and perhaps unrecognized as the
“know-how” derived from applying science. %or example, technology
_is the technique of welding two dissimilar metals by use of a special{
flux. This item of technology might be incidental to some R. & D.
project -and not be described or disseminated by any conventional|
mformation system.  But the welding technique ‘could also guite
Jikely be used by other apphed research and development Workers a,t
another time. " . -
“With respect to the technoioglcal 1nforma.t10n to be processed the
premise is taken that the current efforts by the Committee on Scien-
tific and - Technical Information-of the Federal Council for Science
and Technology will bring about an integrated national document
handling system. The goal of this system would be to assure ‘“‘the
. existence within the United States of at lesst one accessible copy of
évery significant publication in the worldwide scientific and technieal
literature.™ " The timetable is contingent on the selection of a-sys-
'-tem design, and Jprovision of the money and manpower to implement
“In the me&ntlme, current sand evolving centers and networks will

s __serve specialized science and technical information areas. The Fed-

eral responsibility for a system seems to be an &ccepted national policy.
- The responsibility of the researcher to communicate has always been
# cornerstone ‘of the scientific method. A panel of the President’s

" Science Advisory Committee made. this point in the Weinberg report

_(named. after :Dr.. Alvin. Weinberg, Oak Ridge National Laboratory,
the committee chairman). - The panel was mainly concerned with the
handling of scientific and technical information, but succmotly stated
the case for identifying and reporting new- technology: -

. Transfer of information is an inseparable part of research and development .
_All those concerned ,with researeh and development—individual scientists and

engineers, industrial and academiec research establishments, technieal societies,

Government agencies—must aeceept responsibility for the transfer of information
- in-the same,degree. and spirit that they accept responsibility for research and

- development itself.. The technical community generally must devote a larger
share than heretofore of its time and resources to the diseriminating manage-.
© . ment of the ever-increasing technical record. Domg less wﬂl lead to fragmented
.- ..and ineffective seience and technology.®

The recommendations of this. PSAC report are bemg carried out

. for scientific- information. - A sucgessful technology transfer program o
will require that this reporting concept be extended .to the new tech-

nology generated by Federal R, & D., the results of which usually are

' . not.included in conventional sclentlﬁc papers and reports.

A - scientific -information system will be a valuable a,d]unot to
; technology transfer. The mechanics developed will be applicable to
‘technological as well as sclentlﬁo information.. The system will not,

. Carter Launor, “Natwual Document Handlmg Systems in Science and Technoiogy,” Scsence, Dec 9,
1966, p. 1

. Th Federa] Couucll for Soience and ’I‘ecimology "Recommendatlons for National Doecument Hand]i.ng
Sylsé:eli:rls in Science and Technology," PB 168267, Clearinghuuse for FederaJ Sclentiﬁc Informatlon Spring-
- fie] a :
T T8 Sgcé;me Government, and Infurma!um Report ot’ tha Presu:lent’s Sc]encP Adwsory Comm]ttee, Jan

: '1 ] 5 :

77-217 ot
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at first, contain a]l of the technology but-could accommoda.te lt even-— S

tually as identification and reporting is expanded. -
As far as the consumer of technical knowledge is concerned, teehnol—
«ogy transfer is proving to be a new information source, “related to but
. not a substltute for conventlonal sclence 1nf0rma,t1on

5 THE RELEVANCE oF NEW TECHNOLOGY

Generahzatlons about technolo transfer are as mlsleadmg as
about any other subject. It should be understood that while new
technology is important to industripl growth, not ali new technology

" is relevant and not all industries are hi hly dependent. on science.
The nontechnological factors are often %1
venting or br nging about a new product. There are cycles of in--
dustrial change %Jch seem to have little ‘to do with invention.
Much of Federal science and technology is concerned with environ-.
ments and stresses which have little to do with civilian requirements.
" Buceessful technology transfer occurs within the overlapping region
where “existing . facts and know-how answer recognized needs and

e most important. in pre- . :

demands. The amount of overlap or relevance differs from mdustry' R

to industry and between scientific fields. :

Lesher and Howick, writing for the National Commlssmn .on
Technology, Automation, and Economic Progress place the relevancy
of Federal R. & D. resu.lts in this perspective: 4

: Crlt.lcs of existing: programs to ‘transfer- technology from oné mdustry or one' B

discipline to another generally state- the proposition. this way: “If we sremt
billions of dollars to develop better home appliances, would -we, in the process,
get a man to the moon or build a better ballistic missile?” :
The answer, obviously, is “No.” But the wrong question has been asked;
Rephrasing the question to recognize the nature of R. & D. efforts of NASA,
AEC, and DOD, we would ask: “If we spent billions of dolars in research and
development in every seientific and engineering discipline, iz it llkely that the

new knowledge thereby generated might find wide applicability in helplng to_ .

meet the problems of an industrialized gociety?"’
Now the answer, obwously, i “Yeg.” 17 : :
" The central question in putting money mto purposeful t.ransfer -

programs is whether there is enough relevance to make it worthwhile,

The alternatives are to rely on demand-directed originsl research for

: the answers and let transfer oceur ra,ndomly at an mdetermma.te rate _ E

6. THE AMOUNT AND" LOCATION OF AVAILABLE TECHNOLOGY '

It is difficult to conceive that mankind could have too much knowl— .
edge -Every additional known fact increases his capability to solve
‘problems or meet contingencies; Therefore, the premise is made that .
all technology has.some potential in serving society, whether in'com-
merce or for <‘pubhc purposes. In considering the business sector in

" the United States, It might be argued that the $58 ‘billion “which
private industry invested in R. & D. for its own benefit during the
past decade has been sufficient. The Nation has progressed and: has
competed successfully in world markets. On this assumption: the

. $99 billion investment by the Federal Government in new technology

for its purposes could be said to be excess to any needs of industry.

Another argument for technological saturation of the economy is that

tiLesher, Richard L. and Howmk Georgel., “Assesslng Technology ’I‘ransfer,”\TAsA SP—EOG? National i
Aeronautis and Space Admmiqtratmn 1966, p. 24 :
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venture-capital is imited as well as the personal interests and efforts of
entrepreneurs, Large companies are reported to provide funding and
*. management. guidance for only a few innovations each year even .
 though- others seem equally good risks. Despite - these admitted
indications of technological opulence, the Federal research funds are
estimated to generate severa Il) hundred thousand fragments of new
technology eachyear. (Seep.9.). The enormity of this accumulated
. reservoir of knowledge ma,kes 1t 2 na,tlona,l resource Worth cons1dera,ble
,-__eﬁort to ta,p - . . :

7 NEED IDENTIFICA.TION AND INNOVATION

Joseph A @meter_stated long ago: “____lgr_l.g_a.s_th.ex_m_t__

carried into pracfice, inventions are econoriically irrelevant.”
1T it is true that the availability of scientific-and technical informa-
tlon is not the pacing item in innovation, what are the implications '
for technology transfer? . Evidence is mountmg that the pressure of
- new technology has little effect on the rate of invention a,nd innovation.
--Rather it is demand which pulls on science and engineering for answers.
- Jacob-Schmookler has studied the variations over long-time periods
- of inventive activity and industrial growth in & number of fields. He
finds that patents are a reasonable indicator of R. & D. effort.  The'
number of patents in a given field rise and fall with the sales of products-
... 1in a closely coordinated manner: But the patent curve lags behind
- and does not precede the sales curve. When sales begin to rise and
an industry expands, the rate of patenting in that teehnology increases
SN | Hshort time later When sales fall the rate. of, mventron soon ta.pers
"o .
~ The most reasoneble e%planatmn for the relatmn an explanatmn
consistent with the kinds of stimuli-that lead men to ‘make important
inventions, is probably’ the- simplest. It is that - (1) invention is
largely an economic activity ‘which, Jike other economic activities, is .
pursued for gain; (2) expected gain varies with expected sales of goods
.- embodying the invention; and (3) expected sales of improved capital
©.goods are largely determiried by present caprtal goods sales.™ .
These economic studies lead to an economic theory which suggests
* that deficiencies in economic growth via technological change are
- more related to inadequate identification of demands and choices
among conflicting wants and needs. The long held impréssion that.
., science stimulates mventmn is relegated to a secondary 1mportance
' by this analysm : L :

’ 8 TECHNOLOGY TRANSFER EFFORTS ARE WORTHWHILE

In a 1963 study, the Denver Research ‘Institute concluded:’ t.ha.t

1ntan0'1ble ‘spinoff is more important than the obvious transfers of

: complete packages of technology such ds jet aircraft or computers.

- -According to their report, spino can be proﬁtablv explo1ted by many
- companies and is a stimulus to economic growth

-8 Schumpeter, JosephA ”The".[‘heory ofEconomlc Development."Harvard Economlc Stud:es XLVI

Harvard Universlty Press; Cambndge ‘1634, p
o Schmookler Jacoh, “Invention and Eennomlc Growth " Hal‘vard Unwerslty Press Cambridge, 1966,

. 208.
Sl % Welles, J ohn G, and Robert H. Waterman ““Space Teehnology -Pay- off from. Spinoﬁ » Harvard Bus-
.- iness Rewew .Tuly—August 1084, p. 106

N
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Dr. Frederlck Seitz, Presadent of the Natlona,l Acedemy of. Sclences, S
comments: : .

“‘The topic of spxllover from space reeeareh was a matter of llvelv discussion
several years ago and hag frequently been regarded as a joke since. It seéems to
me.that this levity is unwarranted. Really profound innovations take time to
assert their influence. The automobils, the airplane, and the radio were the
butts of jokes in their early phases,- The benefits which the ‘United States has
gained as a result of emphasizing digital ecomputer technology between 1945 and
1960. are-not regarded as jokes by the Europeans, who now find themselves. at a
disadvantage in this field. No one who believes that reliability and mansagerial
effectiveness are to be taken seriously should write off the revolutionary potentla,ll-
ties associated with the space program. too qu1ck1y 81

Therefore, when considered in the total context of the Natlon
economy, technology transfer is judged to be worth eonelderable eﬁ'ort
The rationale is summarized as follows:

-~ 1, When demand or recogm:red need doee stlmulate mventlon,
-the knowledge produced in. the past limits the state of the art

J

- within which invention_must occur. So¢ the technology at the =

o glsposal of the a,pplled researcher determ_mes how full);r demand Wlll
--+be met. :
;2. The total reservou- of knowledge is hkely to be- apphcable o
- many industries since almost-all industries are becoming more
diversified in their products and services, and since-each product
+ or service involves many bits and pieces of technology. - -
. ‘3. The new technology arising from Government directed re-
-search is- unllkely t0 ‘become easily avallable to lndustry Wlthout
- specific effort:in transfer.: | -
4. Federal control of $99 billion Worth of technology over 10

years suggests Federal responsibility to get the most-good out of -

~ thisresource. . Additional tangible returns on the investment may
be realized in other Government programs as well a3 in increased
corporate taxes from economic growth. Of tangible benefits: to.

the Nation are an increased standard of living and mternetlone] o -

-power and prestlge from mduetrlel strength

B BARRIERS TO TECHNOLOGICAL CHANGE N

1. THE CLIMATE FOR INNOVATION

There are rather obvious and eonmdereble ﬁnanelel end technlcel
barriers to- the acceptance of new technology and to teshnological
change itself. The technology may cost too miuch to acquire, the
subsequent development may seem too expensive or disriiptive, and
the relevance may be obscure. The firm may be doubtful that any.

governmental bureaucratic talent could be helpful to business; or sus-

picious. that consultsnts and transfer agents might Carry away trade
secrets. But more important are the barriers of the “climate” within™

which innovation takes place. Dr, Charles N. Kimball, president of -

_ Midwest Research Institute, suggests that corporate ma.nagement
- the scientific commiunity, and universities. are responsible for ‘fout- -
dated institutional practice, lack of entrepreneurshl , and -of relue- '
tance to aceept new ideas and new practlees 78 Phili p anht ina

8 Bpitz, Fredenck “Hcience and the Space Progmm " Sclence Fune 24 1966 p 1720
L Quoted in Lesher and Howick, op.-¢it., ref, 81, p. 39. .




- study for NASA at the University of Ma,ryla,nd has 1dent1ﬁed the
followmg difficulties in the commercial utilization of new. technology

. The dJscouragmg effect of abortive rewewmg of techmcel mformatlon
. Dificulties of evaluating advantage. - -
Diffculties of assimilation, S
- Inhibiting effects-of companies’ new, 1dea. receptlal [sm] procedures S
- Cheerless.effect of the high cost of evaluation.. .
. -Frustration owing. to delays in response. to questxons
- The impediment of the difficulties of locating,.
.. Adverse effects of inadequate disclosures.
" ‘Adverse results of unfavorable e¢omomics.’
Batriers owing to educational defieiencies. - . P
. The. obstructing consequences of inadequate ﬁnances
" Adverse influence of Government policies.
‘OQbstructions owing to jmpractical nature of innovations. ] )
Diflieulties owing to mapproprla.te onentatlon of the presentat:on of techmcal
mforma.t.lon :
‘Discouraging effeets of lumted apphca.tlons
Inhibiting effects: of the absence-of information about a.pphcatlons ] )
Hampering situstions created by company disinterest in nonexelusive llcensmg
. Adverse effects of inability to- devote tlme to evalua.tlon
- Dieterrent:effect of ‘obsolescence: -~ )
~-Impending outcome of weak patents.-
.. Handicaps:due to poor commumcatmns.
- - Deterrent-effect of proprietary. desi ownershlp
" Obstructing impact of security regulations.
“Preventafive effects of fear of la.wsmts 88

- A purposeful transfer progtam must lnclude efforts to overcome
" these social environment effects or even fhe best 1dent1ﬁcat10n and
' dlssemma.tlon system Wﬂl bc lneﬁ'cctwe ' : ‘-

2 THE PUBLIC UNDERSTANDING OF TECHNOLOGICAL CHA.NGE

The chmate for inmovation 1nvolves the management response to

the_ individual entrepreneur. -It is apparently not' true that ' the ;

¢ world will beat a path to the door of the inventor of a better mouse-

- trap. ““The successes and failures of technology transfer will depend

. to s great extent on the receptivity of society to new ideas.  Carl E:

. Barnes describes the 1mp0rta,nce of m&nagement attltudes towa,rd :
~the.innovator: .

Selling research . developments requires Skll], persistence, a.nd courage I
emphasize. courage because there is always danger of failure and the consequent.

“damage to one’s reputation. In most eompanies 1 ha.ve known, the man who is

- associated with a research failure is rarely given s “‘plus” from top management

‘for his effort, so far as advancement iy concerned.

. Tomy knowledge, there has never been a successful new prcduct put on the.
market which did not -have its “product champion’’ ~-80Mecne ‘who. risked his.
reputation, or possibly even his job, to put it over.

. Management which wants to suéceed in increasing the productw:ty of . its

. Tesearch- operation must always be aware of the essentizl role played by. the
product champion. . And- it must see to it that the barriers he encounters are
not insurmountable. .There must be barriers, of course, for they constitute the’
creening operation which separates good projeets from poor ones. But in many
companies these barriers are so formidable that good developments are lost—due
eittier to lack of courage or incentive; or both on the part of thoec who. must?

ell those developments to management.® :

. Many modern corporations are torn between the belief tha,t. innova-
s .txon is essential to their grcwth and the fea,r of the uncerta,lntles whlch

8 Ibid, p. 40-41.
-# Barneg, Gar! R, “To Promate Inventmn,”. International Seience and Technology, December 1966
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go with new ventures. Techholog{-'may'nbt be recognized ‘as a .
- primary ingredient in decisions which are made by business manage-
mént, but it underlies the entire process. Donald A. Schon writes:

-In the pfocess of innovation, everything:is done to'perrﬁit'~decision' on the "

basis of probable dollar costs and dollar benefits. In.the process, the corporation .-

-converts the language of invention to the language of investment. ~Instead -of
- talking about materials, properties,  performances, experiences, éxperiments, and -
phenomena, the corporation talks of costs, shares of market; investment, cash
_ flow, and dollar return. S S e MU
In summary, there is a difference betwéen general recognition or -
awareness that science and technology.are un}];_?rtapt and the realiza-
tion that a particular critical need exists. = This difference is what'a - -
technology transfer program can demonstrate to business management. -

Y énbpﬁ_iE'i‘A;;Y i‘iéﬁfs, ' - ) _
In considel'in%]the proprietary aspe'c:té‘;'(_)f _ té:c]ciﬁology it is"generally

acknowledged that the organization performing the research and
development cannot capture all the benefits, nor prevent other groups

from taking advantage of the knowledge without compensating the ™ |

risk-taking firm. The rights of the researchér, inveiitor and-innovator
are guarded to various extents in order to encourage exploratory work
by assuring some control of the profits but the protection is incom-

- plete, especially as time goes on. Proposals for technology transfer

must balance the need for wide dissemination againstthe Tecessity
for_proprietorship. ~Some protectiol to p’:ﬁ_deveIO{)_er 1§ mecessary
to justify the additional expense in moving the technology to the point”

of sales and social-economic benefit. Of course the major advantage -

‘which the entrepreneur gains by his willingness to take risks is simply.
the_head start in.time over:potential competitors. This. favorable
_position-can oftan be maintained throughout development, production;.

and marketing - as constant improvements  are introduced. :But <. °

smaller firms may not be able to afford the pace of rapid, competitive

~ development . and ‘thus a limited period of exclusive use may be

~ essential. .. . . .. - S R TE I
" a. Scientific and technical information L e ege o
. Scientifie information: from research is:- usually: reported in:the .
grchive literature of the field as a requirement of ‘& professional
character, oo T e e D
"The scientific information is..expected to be used by others with:
reference crédit but.no compensation to the original investigator.
Government-laboratoriés urge rapid publication of the results of their
researchers. Agencies call on their contractors to publish significant -
results promptly. In the case of basic research grants, the “page. -
charges’” for publication in scientific journals are often an allowable
cost item. - Industrial laboratories  vary ‘in their attitude’ toward
" publication. There is an advantage ‘in fostering such professionsl =
activities, for the industrial scientist, and for public relations purposes.
There is a disadvantage in revealing the course of investigations which -
indicate marketing goals and, after all, present'competitors with use-
_ ful information free of charge. With both public and private support’

there is an attempt to gain patent protection for research results of .

© 8 gelion; Denald A. *“The Fear -of Innovation,!” International Science and Technology, N;Ot;‘ﬁﬁt-l‘;hj@l_“ L . ol

- 1966, p. 71, T4.




- potentml practlcel value before publication in the scientific 11terature

. In any event the time lag between. d1scovery and pubhcetlon may be
; qulte long——up to several years -
- 'The: Constitution recognizes the need for propneta.ry protectlon to
. gain wide and early benefits from technology. Section 8, Powers -
Granted to' Congress states: ‘“T'o promote the progress of science
-and useful arts, by securing, for limited times, to authors and inventors -
the “exclusive rlght to their respective writings -and discoveries.”.
~ This led to patent and copyright laws with their definitions of origi=
.. nality, state-of-the art, and value. It is not clear whether unpatent-
-able new technology should quallfy for a degree of propmetary g
protectron or not. :
‘It might be possnb]e to develop someé new proteotlon and reward
,system for the creators of technology which would stimulate dissemina-
.tlon. - Some special treatment is needed for the nonpatentable. but
valuable devices and.techniques which make up a great share of the
“improvement’’ in innevations. J.S. ‘Butz, Jr., of Air Force magazine
has suggested a “true’” value concept in whrch a.sort of: technical
- judiciary would identify and trace the lineage of significant techno- -
- logical contributions, identify the originator and award an appropriate’
compensation. “This process would oceur after successful commercial-
ization of new products, processes or services embodying the tech-
" -nology. "As an. example he dlscusses the 1mporta.nt “coke bottle“
. shape for aircraft: . . : :
The development and 1 use of the area.—rule concept in au-plane design serves to-
1liustrate the workings of ore possible type of ‘“true” value'system. The area rule
- is 1tcll_§)a;‘1 for the lineage. of its key ‘ideas a.nd ha.s been dlscussed by manv technical
au 8. :
Briefly, it began: with the deVelopment of a specl.ﬁc mathematical theory Whmh .
could be used to predict flow conditions on high-speed aireraft. Wallace D. Hayes
originated’ this theory while employed at North American Aviation, No one,
HMayes included, was immedistely able to see that his equations could be usefil
- in reducing thé drag of airplanes flying near the speed of sound. It remained for

Richard T. Whitcomb of the National Advisory Committee for Aeronautics’.
Langley Laboratory to make thls deduction and prove it through wind-tunnel

.. tests.

Several aireraft nrxanufacturers put Whiteomb’s ideas “to work The most

‘ notable was Convair, WhOSG F=102, F-106 and B—58 depended on the a.rea—rule o

ap, lication for suceess.
nder a “trug” valie system: Convair would have been entltled to compensatlon
for its praetical application of the technique and for development and. production

- of the aireraft. In a ‘“‘true” system both North American and. the Langley

Laboratory also would have been compensated for the original ideas which were -
generated within their organizations-and whmh were erucial to the success of the
entire multlbllllon—dollar eﬁort £ B -

‘b Patent Policy. .- : :
The question of Federal patent, pohcy Wlll not be dmcussed in th1s

- - réport but the eventual outcome of the intensive debate on the subject

will be signifieant to technology transfer. Whether patents resulting

. from Federal R. & D. sponsorship are exploited via a Government

- hcensmg agency or transferred in title more egeneraﬂy to mdustry, the
: Srotectron of the invention may be retain The question is sub-
ivided ‘into the aspects of direct exp101tat10n by the holder or by
licenge. If the Government holds title it-will not be likely to develop the
patent- further with public funds It may follov:r an aotwe hoensmg

IS ® Butz, J. 8., Jr., “A.re Research a.nd Technology Outgrowmg Free Enterpnse?" Air Force magnzme '
: Novemberlw,p 44 : ) : o . e
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program to interest mdustry in. the mventmn Llcensmg can: be

either nonexclusive or exclusive, and with or’ ‘without a. roy&lty fee:

A nonexelusive royalty-free license from a Government agency is little

more than & form of open publication. The developer must establish- .
his competltwe position by adding more techriology to the invention -
or by having an existing manufacturing or marketing advantage. -~ -
Exclusive licensing. as practiced by either Government or industry
has the effect of transferring the invention from an organization which .-
is not willing to exploit it to one which will, with a royaltv fee ag a -
possible means of paying back some of the costs of R. & D 2 Some
private firms promote the patents they own; others:donot. . .-
The promotion of patents held by pmvate nonindustrial orgamza--

, tions such as universities and foundatlons has been successful. - The

Research Corporation history is an interesting example. Almost 200
colleges, universities and scientific institutions assign patents to the.

corporation in return for legal assistance and a share in the profits -
from future explmtatlon i recent &rtlcle summanzm the system B

- Through srrangenients with Resedrch Corporatton ‘nhe lnstltutlons may submlt
for evaluation such inventions made by their staffs as they wish. In making its
evaluation, the patent staff uses ag criteria the patentabiity of the invention, its
potential commercial usefulness, the prospect of inducing industry to invest in its
development, and other less tangible but substantial reasons for patenting, such
as benefit t0 the public-or broad, long-range scientific importance. -

If the stafi’s evaluation is a.fﬁrmatlve, the invention is assigned fo Resea.rch_
Corporation, which then proceeds 0 seek patents and license them to industry.
The Foundation’s speeialists work eclosely with the inventor and outside patent

_counsel in preparation of patent applications and in following the course of patent

prosecution, often bacoming involved factually with interferences, appeals, and
similar matters that are not exelusively problems of patent law.

After the patent application has been filed, Research Corporatmn selects quall—
fied industrial irms and discusses with them the invention’s technical significance’
and its potential utility. SBince the gap between the laboratory and the market-
place can generally be bridged only by further work on the invention, a major -
factor in the choice of a potential licensee is the adequacy of its research and-de-
velopment facilities and its willingness to commit the funds for commercial de-

‘velopment. As industrial interest is generated, Research Corpora.tlon negotlates

the appropriate license agreements, . - s
AII' the costs of evaluating invention ‘diselosures, ﬁlmg and presecutmg patent
applications, and ligensing are borne by Research éorporatmn Certain -unusual
expenses, such as the eost of patenting in foreign.countries and of court lifigation
in defending the validity of patents, are borne initially by it; but eventually. are
shared by the institution and the Foundation if royalty income is generated.
Relatively few inventions are likely to have the wide usefulness that results i 1n
substantial royalty income; most will produce little, if any. . Even when an in-
vention is suecessful, the recelpt. of first royalties rarely comes in less than three to
five years after the 'start of commercial development. When royalties on an 1n-'
stitutional invention do begin to flow, payments are made to theihventot and
his institution in accorda.nce with the ingtitution’s patent policy. . The inventor’s’
share in most eases is 10 to 15 percent of gross royalty; with 85 to 90 percent belng

‘shared: equally by his mstltutmn and Research Corporatlon

Suppart for grants programs in science e T
The- Foundation’s “share of ‘this mcome, mcludmg the royalties derlved from

patents gnren outright, is devoted to its patent programs and grants programs. 5"

“Clark Kerr then President of the Umversrcy of Oahform& Wrote to -
the subcommittee: '

“Under the Umvermty pollcy regardmg pa.tents mventors are gwen an oppor-
tumtv to share net roya.lty recelpts wmh the Unwersmy ThuS, mvestlga.tors are

K Mardy, Wlllard “'I‘ha EndOWment of Smence by Inventton ” Resaarch Managemenf:, vol 9 Novem-
‘ber 1966, pp. 377, 378, 370, .




J:’ULJ.UI PLA.NNJ..TNU FUR THURNULOGY LTEANDSNE |

glven an added incentive to dlllgently report all possibly pa.tentable ldeas for the
board’s éonsideration. .
When reports of possibly patentable 1deas are reeelved the University’s

specifie patent obligations to sponsors of research, if any, are determined and

" discharged. Reports of those inventions in which the University has rights are
reviewed a8 to whether or not the ideas are considered patentable and of eommer-
- cial use. The regents of the University being opposed to protective patents per

' .. se, applications for patent are authorized only on those pOSmbly patentable 1deas '

“whieh appear to have commereial value.

On the basis of the University’s e dperlence in maintaining a patent program_ S '

for almost 25 years, it has been found that new technology involving patentable
material is more llkely to find its way into public use when patents have been .
. obtained and licenses issued under the prevailing patent laws and business prag-
tices than would be possible under publie patents. Publie patents per se do not
always serve the best interests of the public, for manufacturers are likely to shy
away from sueh inventions, irrespective of their usefulness, when no periods of

"‘_excluswmy, within which development coste might be recovered are poss1ble

In some industrial cases the Government has forced hcensmg be-

' " cause of antitrust situstions. These and other ramifications of the

patent system show that proprietary protection can vary w1de1y as it

- a.ffects innovation and diffusion of" mvenmon.

-When technology is not patented or is not patentable, and when
it i5 not disseminated in the scientific literature, it is often treated
“as a trade secret or proprietary information. The law protects the
- owners of such technology . against its theft and unauthorized dis-

“ semination. Employees may not leave a firm and communicate this

knowledge to another without permlsslon even when t.hey have been
involved in the original R. & D. '
Technology transferred by Federel programs Wl]l come under SOme :
. part of the spectrum of protection. At present it seems to be treated
© . as scientific information, available on a nonexclusive basis. Whether
" this policy inhibits the w11]mgness of industry to build further on the
technology ‘cannot yet be established. The views of agencies and
-contractors on reportmg new technology are dlsoussed on p. 159







. :. VIH THE PROCESS OF TECHNOLOGY TRANSFER
A. TECHNOLOGY TRANSFER DIMENSIONS '

A useful three dimensional framework for dlseussmg technology
transfer is shown in ﬁgure 1. The vertmal dlmensmn is the famlher

N THREE DIMENSIONAL TEGHNOLOGY TRANSFER FRAMEWORK
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: progresswe development of sclent1ﬁc 1deas end faets mto sales and

social -benefits.. Most technology, when- transferred at some point -

in this scheme undergoes further development before introduction
into the market. The cases where direct horizontal transfer from one.
field to another results in & useful end product are rare in the R..& D.

" stages but may occur frequently when. a. product is on the market.

For the most part horizontal transfer is followed by additional vertical
- transfer. - The third dimension shows the relatlonshlp of nonteeh— :
_ .nologmal eﬁ'eets on 1nnova.t10n and dlﬂ'usmn : S

es




66 °  POLICY PLANNING FOR TECENOLOGY TRANSFER

* THE DIFFUSION OF TEGHNOLOGY

Research and Deie[bpfnenf-

industry

.~

Figuré 2 shows that téchndlog'ydiffiiéeé”;co é;:g'.re‘atei' extent a,s-ji_ﬁ g

developed. This simple illustratzon indicates how ome line of scientific

© research can impact on many industries, other technical fields and
mteract) with nontechnological influences in"society (after Jantsch,

-see p. 8). P R -

A typical transfer path is shown in figure 3. Research knowledge IR

may be produced with no end use in mind, in terms of basic research
- or knowledge for the sake of knowledge. The field in which the
, tesearch originates may find no immediate- use for the results but
seientists in another area pick it up at point A and develop. the'idea
further, perhaps to the point whers a device or -technique is:invented.
In this example it is assumed that further development does not occur
in’this field -but the reduction to practice becomes known to industry,
Government -or : 6ther - applied- research groups -at point B.:: The
invention is introduced into the economy through innovation in several
. different  forms, . by -adding engineering, testing and evaluation .at
point -C. Fimancing; marketing, and other nontechnical effects are”

.+ both'felt and made as the technology develops and diffuses at point D.

. The total picture of technological change would show thousands of

such transfer paths interacting with one another. Time would be _._'_*;ﬁ



L ing up of the diffusion process. - -

| TEGHNOLOGY TRANSFER PATHS

preseiit as & fourth dimension, showing some dormant periods -and
others of rapid advance.- The widespread ufilization of technolo

‘may take many decades. - A program in technology transfer would
‘have. as one of 1ts main objectives the selective and purposeful speed--

B. InrormamON ProcESSING -~
o Muchof the science .\is'ejdiby é;pp}i'éatibnsfi'eseai'éhers and enginéerw '
ing developers is. acquired in: their formal education.. And before it

~ was taught, a timelag occurred during which the facts and relation- - -

ships were verified and packaged.  The e ific_infor-
mation hag revealed the conventional educational process as inade-
quate. Reeducation and continuing education are necessary for pro-

- duetive scientists and engineers, - The concept of multiple successive:

careers has attracted attention. - University instructors are no longer ‘-

the only teachers as industrial and Government researchers communi-
" cate their own findings to the profession.. Facts which are old to one

Ry Vﬁeld become new raw material -for developments in others as tech~ .




68 - POLICY. -PLANNTJNG FOR -‘TE\CHNOLOGY ' TRANQFE;R

nologles involve more dlﬂ"erent disciplines. - In’ fact 1nterd1sc1phnary.' L

science is probably the only kind there is today. Even specialists

inquiring deeply into narrowing questmns use sophmtzca.ted t.echmques: - B

based on many selences.

2. NEW TECHNOLOGY

Techno]ogy is accumulated for some purpose even if only to s&thfy o

a curiosity. The purpose may often be served without any formal o
record of the technology or at least without the packaging of the =

- knuw-how in & way that makes it easy to transfer. The cost of
creating the technology may be acceptable if a portion receives only

one application or: solves the original problem. Maintenance of -

_competitive advantage has tr&dltlonally inhibited the reporting of
industrial technology. This has resulted in an R, & D. process which .
does not clearly call for preparing new technology for transfer; whereas
in scientific -research it is usually accepted that pubhcatlon of . the
results is a requirement for.a compléte and professional job. _
New science can originate in any part of the R. & D. process; in’

" trouble shooting a product which is already being manufactured, or

in fundamental research. But the large body of facts and know—how P

- which is technology comes into being durmg applied research, develop--
ment, and demonstration engineering. - These are the bits. a,nd pieces

of knowledge which a program for technology transfer must judge to

. be worth processing for additional use. The processing steps are not

free, so some evaluation to select from the mass -of mformatlon 1s S

mdlcated at the point of origin.

T

3 IDENTIFICATION AND REPOR’I‘ING

[ If new technology does not take the form of & patenta,ble invention, = -
d is of too practical a nature to be includéd in a scientific report, it -
ay not be identified or recognized beyond the immediate technician
r laboratory where it-originates.. The technology may seem so routine
hat it is not worth mentioning; or may seem (to the investigator) so’ -
pecific that it could-not be useful elsewhere. The R. & D. personnel -

which has potential for transfer. Justas R, & D. organizations main-
tain_patent departments to assure the identification of inventions,

special training and assignment of personnel may be necessary to find
new technology. If & purposeful transfer program is considered then
it must operate on the widest possible input and the identification and
reporting phase is of primary importance (see p. 122 for NASA pro-

must be ﬁltered out even at- thls eaﬂy staae of the process

4. SCREENING AND ORGANIZATION ’

Any mformatmn handhng system can be glitted mth trnna éfiﬂié
judgment must be made as to whatis an 1n51gmﬁc&nt va,rlatmn on the
routine and what constitutes a meaningful or: ingenius technique. :

may not be those best equipped to identify and report technology'

cedures). - On the otherliand the cost of reporting means that tnvm o

Then the bits and pieces must be orgamzed 1nto categones and de m-i'_& S

tlons of A commaon thesaurus co




' ./5. STORAGE, INVENTORY, AND RETRIEVAL "

The technology must be recorded in a ‘systematic fashion in one
. place (withreplicate copies as necessary). A means of knowing what
18 in the system and of getting information out on the basis of adequate
- deseription is essential. The ability to “browse’” through available
facts is. important to the inventor and innovator and should be a fea- . |

. -ture of any technology transfer system. .
6. PUBLICATION AND DISSEMINATION - :

. _Some technology. will: be so obviously .uséful to the operators of
the system that formal publication is warranted. With other knowl-
edge, it is more important to publicize the accessibility of the retrieval

. system and the kinds of facts whieh are collected and stored. An-

" other approach to publication is’ the-assembly of related. bits -of

technology into- & state-of-the-art:review for publication. ' These

costs are appreciable. Good technical judgment based on demands . .

* from-users can select the areas for emphasis‘in publication. o
- Dissemination is related to the traditions of the knowledge industry
and-the source habits of users. ~The competition for the reading and .
searching time of the innovator is so great that he will not expend

"¢ extra efforts to get information unless its particular value is recog-

nized. - It should be noted that-all these stages require technical
judgment which means that trained personnel must be made available.
- NASA estimates that one new technology agent should be employed
.. for every 300 researchers. HEstimating 500,000 U.S. scientists and
- engineers as active in- R. & 'D. yields a requirement of: about 1,700
- workers inidentification, reporting, and screening. -~ ST

.. C.-BoURCES OF SCIENTIFIC AND TECHNICAL INFORMATION

. 1; ‘CHOICE BY THE INNOVATOR °

_'The innovator will arrange to cbtain the required technology for g
‘business venture in the same way he acquired other ingredients such as
financing and labor at least cost in time, money, -and effort. - Low-cost:
~_sources-may be suppliers of raw materials or equipment and -their
technical sales organizations, the trade press, catalogs, meetings, and
exhibitions. Greater expense is encountered in professional journals, -
- patents, consultants, formal courses, association memberships, and
abstracting services, The most costly technology is acquired. by -
performing specifically directed research either -within the firm or by
- contract to'a commercial nor not-for-profit institute. Of course, the
. adequacy and guality of the technology must balance the cost so.that
there is. no obvious. preferred source. for a particular information
requirement.. .o T = T
- 'The choice of source is apt to be made on the basis of confidencé
established by training or past experience, Informal communication
is much more important than formal as the rank of the communicator
increases. . High-level decisionmakers depend .largely on personsl|
contacts rather than written material. I AL IR
. The Denver Research Institute, in a study for NASA, has surveyed
... - anumber of firms in a variety of industries as to their external sources
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 of scientific and technical mformatmn In- decreasmg order of i nnpor—
tance the sources were ranked as follows: :

Professional jotrnals T Abstract and index servmes

Trade publications . & . - Formal courses | ]

Meetings, conferences, and shows » . . Patents:: - . ‘ -
Supplier personnel - . . . - Professional and mdustry assoma.tlons

. Vendor catalogs o .. . Mass media
Textbooks and handbooks  Formal information dlssemlnatlou'
University and other consultants - centers ; .
Cusdtomer personnel Clipping service Vo
Glovernment publications. .- -~ .- Other channels &

L1bra.rles

2. GOVERNMENT PUBLICATIONS

The relatwely Iow rankmg of Government pubhca,tmns and formal
information dissemination centers as compared - to - conventional
pubhca‘mons may reflect the confidence. factor.. The applications.
engineer is educated to refer to the tested screening and endorsement
of professional journals for new technology. Government, cotitract
‘progress Teports are notorious for containing preliminary and incom-
pléte information.: Other Government publications may - not have
passed through a rigerous editorial review process.. The information
centers are recent additions to the list of sources. It appears that
one of the tasks of a technology transfer program is to demonstrate
an upgraded quality of Government: derived 1nf0rma,t10n and t.hen :
acquaint users with evidence of quality. . - e

he Denver Research Institute report concludes:

Our research indicated that many people in comimercial ‘industty 1nvolved in.
teehnology aequisition do not even think of Government research as offering the

possibility of useful information for them. Much less are they convineced that - . -

the Government research dxssemlnatmn channels are worth monitoring or search-
ing. A majority of the respondents in the firms studied assume they will hear of
any worthwhile: Government econtributions to:technology through nongovern-.
mental channels, while a substantial minority assume that Government-developed
technology is not even pertinent to their work. - Therefore, it appears important

that there be more Government interaction with all of the edueational processes :

. 1:‘J::trougl'l which commereial indystry scientists and engineers. acqulre their educa-
fon.,

The very skeptlclsm ‘of many commercla.l industry personuel about the useful-
ness, to' them, of Government-déveloped technology  argues for dissemination
through the conventmna] channels:-. These are the channels carrying the prestige -
of the intellectual market place. Government technology passing through the
channels’ sereening and editing is somewhat preselected for their users, and may
be more readlly aecepted because 1t has survwed th1s competltlve process

PI'OfeSSlOII&l journals with their board of teferecs and editors setfve'a Cvital ] pur— o

pose in their market-process of judging the utility of scientific and technologieal
publieations. Tt is suggested that (%overnmeut agercies should explore the possi-
Elhtlsefs for supporting these act1v1t1es which seem vﬂ;al to eﬁ’ectlve technology )
ransfer. :

" "The clearinghoiise for Federal sciéntifiec'and technical mformatlon appeam to be the :
best known source of Government technological publieations to our respondents.
As such, it would seem to merit support and cooperation from all of the govern—-
;mental tech.nology generating agenecies. .
Consisténey in technology transfer policy is'a problem throughout government
‘Different agencies have varying policies about making their research results readily
available to commercial industry. ~ More uniformity is needed, and it would seem

“that the growing demands for socially useful research results wﬂl engourage: agen- o

c1es to. more toward more effective and more uger-oriented dlssemma.tmn e
. 8. Denver Research Instltuta Final Report, NASA Contract No NER 06—004—039 '




The Federal. G’ovemment 78 leadmg the way toward national systems of technological. N

information. It i Siggested that it make mazimum use of existing channels of

. technological communication and of existing resourees. It should seek ‘the par-
tieipation of universities and.industry; even if it must coax them, in the design of .

such systems. It seems particularly important that industries and firms thought.
of as being less. technologreally gophisticated be included in such. design- efforts.

Otherwrse, overspecialized information systemns. might be oriented toward particu-
lar groupings, of firms and mrght have upsetting eﬂ’ects on existing industry strue-.
ture ‘and industry concentration relationships. ' In other words, the experience

- with mission-oriented,  Gevernment-supported information centers may .not be
. wholly applicable to fostermg technology transfer in the diverse mdustry and uni-,
. versity sectors.

Our research indicates that commercial industry research, preduct, and manage-
ment personnel all: spread their technology  aequisition: efforts:over numerous
channels. This pattern is not apt to change abruptly. It suggests that new sys- -
tems be: designed for redundant dlssemmatlon mto various channels, mcludmg

* those now 1n use.5?

'Sumner. Myers, in .a. report to the Natmnal Sc1ence Foundatlon'

“studied 75 cases-of innovation in six industrial firms.®- It is perhaps

CH

. ‘significant, that most of the information inputs were from outside the

company . but in:the private séctor: . 'Where Government funding was-

. a- source, .the Department of Defense, which has no overt formal
e transfer progr&m was the most. 1mp0rtant agency The report. sum—. .
s marzzes

Hreuuonrrs .

o The most typlcal innovations a.nalyzed in this study—- - :
. Were directly activated by . tee!mlcal problems and opportumtles ra.ther.
. than market factors.
Were capital goode—lteme that the ﬁrms expected to usge. 111 theu' own pro—
duetion processes. '
. Were changes: that- lmproved performance, mcreased durablhty, or cut
. manu.facturmg costs of an item. . e ;
-Usually did not affect productivity of the mnovatmg ﬁrms L
- Were moderate in scale, costmg between $25, 000 a,nd $100 000 to im-
plement. :

o _--'The most typlcal 1nputs of m.formatlon analyzed in t}ns study—

- Were'generated in the private sector - without the financial support. of the :
Government: -But when Government funds were. involved, the Department
. of Defense was the major source of support.
Dealt- with thhly detarled demg—n and performance charactenst.ms of some
“'kind of “hardware.”’
- Came through personal contaets, mciud.l.ng vendors and potentlal supphers
-Had been agquired by: the Innovator during the normal course. of his- pro-
fessronal training or vocational aetivity.
" 'Were well-diffused and readily available to innovatorsin the ﬁrm 8 mdust.ry
.- Were not obkusly apphcable requu-mg elther lnventlon or adaptatlon
“before being used:: :
Solved or- expedlted solutron of partleular problems that the firm wae al-
ready working on. . But many of the inputs stimulated basic-ideds for new
‘ 1tems or 1mprovements that the ﬁrm had not been- thmkmg about :

3 MANPOWER MOBILITY '

The mportance of personal contact is stressed by all studles of the
transfer process. Much: technology is packaged. and: transported in
the form of the researcher himself. ~ This will probably always be the
case, regardless of how elaborate & system is set up. . Therefore; the
mobﬂlty of manpower is-an important factor in diffusion.. Technical

. personnel change- employers frequently in the: early stages of thelr_

# Thid,
9 Myers, Sumner, “Industrial Innovations, 'I‘heu' Characterlstlcs and Thelr Sclent.lﬁo and Teehmeal
Iniormat:on Bases,”” National Planning A.ssoclatlon, April 1966, p. 2
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careers. Later on, pension progranis, age d1sor1m1nat1on, trade secrets _
laws, and progréss into management decrease mobility. This is’
* partially compensated for by increased travel and proféssional meeting
attendance at which ideas and- technology are exchanged. -Although

technology transfer may not be a significant point in settmg policies”
" which govern manpower mob1l1ty (if indeed a free society is subject to
such policies) the converse is important. - Whatever trends ocour in:
" the interchange of scientists among mdustnes and fields Wﬂl affeot the
rate of mformatlon diffusion.

4 DEPARTMENT OF DEFENSE EXPERIENCE

The ra,tlonale for Government s:_ponsorqh1p of reseerch a,nd develop- _
ment is an illustration of the thesis that demands (recognized needs)
" are the motivation for the acquisition and organization of new.-tech-
nology. Science and engineering are not considered to be purposes: of

the Government, - A responsibility is felt for public funding of basic .

research, particularly as.it is a part of higher education. .- But 80 to
o percent of Federal R. & D: funding is in-support of well-defined
objectives within approved agency missions. = Just as:in the purpose-
ful, directed R. & D. of private industry, the application and use of
the vesearch results (or vertical transfer) is planned from the start.
The “market” definition precedes the acquisition of the: technology.
John H. Rubel, former Assistant Secretary of Defense, suggests that

-Government can apply this same techmque to public needs other than o

mlhtery OT SP&Ce Programis:

" There's no gilver bullet, no. maglo formula, no. direct spl].lover from one ﬁeldh o

into another, and sgpace technology Itgelf waan’t going to solve urban problems.
But one thing we had discovered was that when' you ereate a snarket for rockets -

~ to"the moon, you get rockets to the moon. - There is no market that is-not served -~

‘by some industty or business, and no industry or business that is not served by

some market. We'd learned that if you don't have the technology for something, . -
you_can’ create a market and. get the technology. The method of ereating a -

market: for a solution to a problem has proved 1t3e1f capable of producmg the
: tec]:mology to golve the problem.® - - . .

The Department of. Defense has’ reoently analyzed several la,rge" o

weapons projects to see where the teéchnology came from. The re-
view, “Project Hindsight,” concludes that innovation is highly corre- -
" lated with need recognmon In these complex systéms, any substan-
tial advincement was- necessarily the result of integrating many bits
and pieces of technology, often with synergistic, not merely additive
effect.” ' It'is not surprising that in 85 percent of the successful innova-
tions the technology was acquired after need recognition by the appli-
- cations engineering group responsible for the systein performance.
- Inmovators who did not understand the current and anticipated needs '
‘of the project were less likely to produce useful ideas. . - : ‘

. Piojeet’ Hindsight has been interpreted by some observers to indi-
cate that basic research results from Department of Defense programs
do not. contribute to weapons development. However, the study -
actually shows that basic regearch facts take quite a long time to -
appear in finished systems. For the most part; they must be tiken

_ through a directed applied-research stage. The dehberete eﬂort to 7' T

. % Quoted in New Yorkor magazine, Aug. 13, 1988, p. 20,
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- couple innovation to real problems was the motivation for successful
. Thatis, science and technology funds deliberately invested and mansged for
defénse. purposes have been about one order of magnitude more efficient in pro--
ducing useful events. than the same amount of funds invested without specific
-goncern for defense needs, . Thus, we see that although technological ‘‘spin off”’ -
into defense weapon systems from the nondefense sector exists, it is very small, .
and It is quite inadequate to produce the number of innovations néeded to make
- - posgible. the large- inereases in performanece which have been attained. o
DR ST ST ) R TN co i
There is no question that over a long-time seale undirected. research has had
-great value.. The sequence of contributions.in atomic and nuclear physics
- ‘culminating in the diseovery of fission in 1939 has had a revolutionary impact, on.
military arms and strategy.  Without the organized body of physical seience
extant in 1930-—classical mechanies, guantum mechanics; relativity, thermo-
dynamics, . optics, . electromagnetic theory and mathematics—only. a-fraction: of
the technology events could have oceurred. Thus, in the past, in at leagt these
areas, undirected research has paid off on:the 30-to-60-year or. more time geale.
I our study we see no eviderliée that this situation has changed. However, the
fact remaing that the contribution from reeent (esgentially, post 1945) undirected
science to the systems we have studied appears to have been-small. - . .- -
. We emphasize that this conclusion does not question the value of scientifie
research. (Recalling fig, 10, 8 percent of the identified events were scientific in
nature.)” Instead, it focuses on the relative values of ‘alternative practices in the
“management of scientific research and suggests that the'length of time to utiliza-
tion_ of seientific findings is decreased when the seientist is working in.areas related

1o the p_r_ob_lem_s of -his _spo_ns_c)r,_",2 I

... D. Tus Costs or TEcHNoLOGY TRANSFER EFFoRTS .

, If the transfer of accumulated technology is to be the subject of
" " overt Federal programs, some measure of the costs involved is neces-
sary.  From the Government standpoint it may be assumed that the
dissemination and application phases will eventually be self-sustaining .
. from industrial fees. This assumption does not refer to the continuing
programs of aid to small business or regional development. Nor does

- -1t refer to the direct primary transfer of technology by the Department

of Agriculture, the Department of the Interior, and similar programs

“which develop broadly applicable data and information.

- The identification, reporting and processing for dissemination may

" become continuing Government costs. A rough estimate is con-
- structed as follows: . ; - '
. Special analysis I of the fiscal year 1968 budget states: _

" Both the existing seience information activities of the Federal agencies designed

to put data on research into the hands of users more effectively, and investigations

designed to make the entire National effort in this field more efficient, will be .
strengthened in 1968. Approximately $60 million will be provided for the

iy support of research and development on' secientific and technieal information

systems, techniques, and devices, - . .
~ Assuming’ that this figure includes the current NASA and DOC

~ dissemination programs, the direct costs to the Government could be
expected to remain $60 to 100 million for a continuing or somewhat
expanded program. The indirect costs of the Government arise from
increased allowable charges by contractors for the performance of the

' identification and reporting function. NASA guidelines suggest that

one-half to.1 percent of the direct science and engineering labor would
be appropriate. Assuming that one-half the total R. & D. expenditure

. #Sherwin, C. W., ond Isenson, R. 8., First Tnterim Report on Project Hindsight (summaay), Office of
.- Director, Defense Research and Engineering, Department of Defense, Oct. 13, 1966, pp. 13 and 14. o
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* for direct labor, a $16 billion annual Federal R. & D, budget would
- represent a $40 to 80 million identification and reporting cost. 7.

These figures, rough as they necessarily are, indicate that a Govern- =~ - :'

ment-wide technology processing program would require perhaps $150

‘million: annual Federaf)funding-if the dissemination and application -
costs were supported by fees from users. If this total is accounted
as an alternative fo direct newly performed R. & D. estimated, for

- example, as 5 percent of net sales or as a 5-percent royalty, then the -
$150 million in new technology should result in at least $3 billion in -

" increased sales or public be_n'egts S LT e
+This arithmetic exercise shows that while technology originated for
one purpose may be considered free for a secondary use, the cost of
packaging and transfer-is significant. -On the other hand, the cost of-
transferred technology, as an information source for industrial innova-~ -
tion appedrs to be quite competitive with direct research. Further-

. n_%ore, the worth of new: technology cannot be measured in dollars
calome. e e i e

"~ Transfer efforts may be -manpowerlimited. -The -Agricultural

. Extension Service requires 8,580 man-years annually.: The centralized =
. Russian information system (VINITI) is reported: to require 2;200

persous -just” for. scanning, evaluating, and translating. Since “the
transfer agent must be knowledgeable in both industrial practice' and

" information sources, high intelligence and considerable éxperierice are-

necessary. However, K. & D. scientists and engineéers-can “‘double”.
as transfer agents in many. cases if encouraged to do so (see p. 129).

LN




IX. ROLES AND INSTITUTIONS

The opinions and studies dnalyzed in this report suppert. thepropo— o

sition that federally derived technology is a valuable resource and that
&. purposeful  transfer program can improve the rate and extent of
utilization at a cost competitive with that of directed R. & D. The

elements of the transfer process, if not the detailed mechanisms, seem -

clear. The technology resides in the institutions which make up the
Federal R. & D. complex—contractor, university, and government
laboratories; agency management groups; and information centers. It.

i to be used by private.industry, large and small, with. varying

degrees of technical literacy.. It is to be transferred by a complex

o of existing institutions—Federal business services, not-for-profit, and

. includes judgments on w.

. comiercial research .institutes, consulting éngineers, regional, State,
and local engineering extension services—and by newly devised trans-
fer operations. - The appropriate -assignment of roles. is extremely:

.- important to the success ‘of the coneept.”

- A. TerE CoMMERCIAL UTILIZATION BTAGE . -
. - It is necessary to examine briefly the commercial end of the process
. before further discussing the Government role {or roles). _ B
...+ Theintroduction of a new product, process, or service into the market
- and. the economy usually results from a risk-profit' analysis. This
{@ ther the necessary technology is available
_.or whether some sort of scientific ““breakthrough” will be required for.
success. - The analysis-also considers  how well the market can be
- controlled and ‘protected. * This may depend on the source of the
- technology. A technically integrated firn may prefer to invest in
.. fields in.which it already has a strong proprietary position. A tech-
. nically weak company may be less hesitant to use nonexclusive tech- -
. nology in order to soﬁre problems or enter a new market. -7
- Sales. and profits depend on-proper market analysis. There is'a
* tendency for: marketing personnel to judge innovations by present

- .. markets. The entrepreneur is used to being discouraged in this way.

Reécently a trend toward creative marketing “has developed where
. ingenuity is employed to translate individual and societal objectives
'+ into products and services which then generate needs for technology.

. The “feed forward”’ of science in stimulating commercial invention'is
8 time honored concept and certainly does operste. with significant

" new ideas such as atomic energy. But the “feed back” of alert sales

- organizations all the way to the research scientist also ocours. Almost
~ all-resedrchers are interested in suggesting ‘applications for- their .

results, and of considering the possibilities which their new knowledge . .

‘raises. The stratification and compartmentalization of scientific and

.. engineering sctivities are overcome to an extent by the very fact that

... research scientists, and their families do live in the practical world of

o
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The diffusion of technology to other industries a,nd to serve soc1ety S

comes about through the diversity of corporations in the free enter-
prise system.. The social institutions—universities, research founda-
‘tions, professional societies, et¢.—work to spread the utilization of well
developed technology.. The technical literacy of the whole society is
_increasing rapidly and this leads to an awareness of the beneﬁts of
technologloal change.’ .
.~ "There are exceptions to the “need 1dent1ﬁos,t1on” hypothesm

Some néw technology is sufficiently and obviously useful that. “solu- o

tions do go in sedrch of problems.’” The problems were already there
but ot defined in terms of the possible solutmns through resea,rch and
development. - Barnes suggesis: o

Many researeh ma,nagers insist on “need orlented” resea.rch ag the wa.y to
insure produothty But in fact, is this type of “‘practical” research really the °

. most rewarding in terms of 1mproved profit margins?  Produets like neoprene,

nylon, : polyethylene; silicones, penicillin, Teflon; - transistors; xerography, and
the Polaroid Land Camera did not come into being because there was a recognized -
: .need for them. The need came after the product was developed.

Most of the products. I have just listed proved ‘to be exceptionally good profit
earhers for their companies. - They afe the kinds of products nost managements
. really hope for from- their ressarch programs. . But-they are unlikely to come 4f -
_ the research effort is limited to ﬁlhng existing needs.’

The identification of needs may be equaled Wlth‘ serving the future'
“but industry is becoming alert to the opportunlty of creating’ demands :
o a,nd thus shapmg the future

B SMALL BUSINESS

1 R & D, REQUIREMENTS

Contrastmg Wlth the. mdely held view that R & D is too rlsky -
: for small business, are statistics which indicate that those small firms
which do- -engage in research are more productive of results th&n ‘are
large comapanies. -Mansfield concludes that increases in the sizeé: of
firms are correlated with decreasing invention rates (patents per man- -

year of research effort)™ Cooper states that R. & D. personnel in -

-small firms tend to be of a higher average caliber, perhaps because less
productive researchers  will be tolerated in 1arge firms.® Accepting
these optimistic data for small businesses which do undertake R. & D.
is not equivalent to saying that most small businessés should do, so.
Rather, the statistics are & reflection of the number of small businesses
whose primary product is R. & D. results. 'The fact remains that
manufacturing firms must be quite sizable to support any significant
amount of R. & D. out of profits. A reasonable lower limit for an:’

integrated research laboratory would be 25 professional scientists or - -

engineers.. The: annual cost per man including equipment, technician
-alds and supplies is about $40,000. This million dollar R. & D.
budget would represent 5 pereent of $20 million net sales or 3 percent

- of $33 million. Companies smaller than. this may do R. & D. under

Government contract which is related to their business but the compe-
" tition for such fundmg I'&.ISES another substantml set of problems '

S Ca T b s
¢ Mansfield, E., "Industrie] Research and Developmont Expendttures Determma.nts Prospects, and .

‘Reletion to Size of Firm snd Inventive Output,”” Journal of Political Economy, Angust 1964, pp. 334-3386.

p » Clogoﬁgier, A?S C,"R. &D. Is More Efficient in $mall Companles,’” Harvard Business Rewew May-
une . 78. .
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In September of 1957, President Eisenhower called together repre- . '

. sentatives of large and small business, the R. & D. institutes, and

o . development but the resulte of researc

commercial firms and appropriate Government agencies for a Presi-
dent’s Conference on Technical and Distribution Research for the
. Benefit of Small Business.® The Conference participants concluded
_that R. & D., like some form of mass production, could not be scaled
down below certain minimum limits. The hazards for small eom-
panies investing their own funds in internal R. & D. projects seemed
to outweigh the possible benefits in most cases. | At the same time,
small business was seenito have a definite- need for se1ent1ﬁc and
technical information just as does big business. In summing up-the
.Conference, Chairman Charles N, Kimball said of the small business- -

- man, “Perhaps what he really needs presently is not research and

Eend development ne.

2 THE SMALL BUSINESS ADMINISTRATION

The need is clear for aid to firms which are not technically staﬁed :
in order to identify technology needs and apply acquired facts. This
“aid can be provided by grantees of the Oflice of State Technical
Services which are partially supported by Federal funds, Or the
“middle ground” research. institutes and consultarts can give assist-
ance supported by fees or subsidized by government transfér programs.

‘An slternative approach is the historical role of the Small Business
Administration whereby Government employees are trained to assist
- businessmen at no expense to the private firm. SBA has sponsored
- several activities in the past which have to do with Federal R. & D.
. programs.  Aid in: obtammg R & D. contracts hes been. furmshed to

" small businesses.”
- A Presidential Conlérence was held on the need for R & D in’ these
- firms. (See above.) In'1965 the agency sponsored a pilot program’
with Bjorksten Research Laboratories, Inc., to- collect information on
plastics from Federal R. & D. reports and to disseminate the processed
technology to small business by mailing. - SBA is currently working
cooperatively with both NASA and AEC technology transfer projects.

- Another. approach is. the identification of common technical problems

by trade associations with subsequent SBA searches for apphceble
technology and eventual counseling in application. =~
o These direct transfer efforts by a Government agency depend on
. the quality and treining of the personnel making the contacts. The
program is similar to the industrial Hiaison offices in Great Britain.. (See
p-42.)  Transfer techniques can be learned although effective transfer
. agents are likely to have natural entrepreneunel inclinations which
- -“are inconsistent with bureaucracy.. :
" Administrator Bernard L. Boutin has informed the subcomnntt.ee of
?ddlthn&l plans and 1dea,s for SBA partlclpatmn in technology trans-
fer: -

What we'in the Small Busmess Admmlstmtlon enwsage, however, is the a.dop—

o . tion of a “Projeet Foresight,” which would require research and dévelopment
= (R, & D) contractors to expa.nd thelr final R. & D. reports, in execution of their

‘% Proceedings of the Conference are aveilable i‘rom the C]earlnghouse for Federal Sclentific and Tech-
mg.’allblﬁformation as PB 131-460, .
* p

Lo e Bmall Busmess and Govemment Research a.nd Development” Small Busmess Admmmtration. i R
K Washington, D.C., R
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contracts beyond the’ immediafe mlssmn, and ’oo explore posmble commerclal
uses for the -development described in their final' R. & D: reports.. We would pro-
pose, then, that.these future. refined findings be widely disseminated. to specific
industry segments within the small business community. With the knowledge
" thus provided, concerns interested in the utilization of this tecnmology would be
enabled to decide for themselves whether or hot toproceed to the commerelal ex—
ploitation -of the technical know-how thus made available..

SBA realizes that here, in the utilization process, funds may become necessary,
and these SBA stands ready to provide. In fact, on Qctober 28, 1966, & directive
went out to all SBA offices throughout the Nation to engage in an “aggressive
‘effort to sesk out and assist any small manufacturing firm having both well-
quallﬁed management and innovative ideas for new- products, processes. or tech-
niques;” and to process loan applications for these firms in order to.finance their
innovations, This program is in effect, and ectwely in operatlon Thue, SBA is

already promotmg technologieal utl.hzatlon

These suggestions, of Government.-sponsored development beyond :
immediate mission requirements, and provision of venture caplta,l are
worth considerable discussion. For other SBA comments, see peges 152
.and 156
' 0 MANAGEMENT oF INNOVATION

1 THE ENVIRONMENT

The need’ for undereta,ndmg the opportumtles end poss1b111tles in
new technology by the nontechnical decisionmakers in business and
“society can be the subject of governmental efforts.  The recent De-
partment of Commerce report on technological innovation states:

- 'The large company is a complex gocial . orga.mzetlon The fast renction time ‘
we disoussed in reference to the small company environment is not easily attaina- -
ble here. The distance from the chief executive’s- office $0' the maintenance shop
‘may be a long way. ‘He is, in fact, often removed from the operational details
- of his company; surely, he is not familiar in detail with each new venture early
in‘its Jife time.” The complexity of the organization itself leads to certain problems.

There are the “know-it-alls.” - They explain- that they have thought about -
s:rmlar new ideas many times before, and have concluded that there are many,
many ressons why each new concept 'cannhot sieeeed. - Or, it will not. Work be-
eause it-has never been done before. There are many-other reasons. Why, in-this

experimental appraisal stage, prior “experiences and predispositions rise up to

bloek innovation. Often these take the form of an overly conservative estimate

of risk versus probable cost for new ventures. It is easy to make such decisions
- becatise there is always the choice of extending the present business rather than
. taking the organization into unknown territory.. As we have noted, the beglnnmg
small business has no analogous option.

These are different kinds of problems’ from those we dlscussed in reference to
the small company ‘environmeént. There, when the problem was to obtain initial
finanecing for the incipient firm, the problems were largely external (“Can we get
- the capital?’’). Here, we are concerned with what may be a lack of entrepre-
‘neurial spirit and commitment within a well-established, well-financed organiza- -
tion. . In a complex organization the overriding problem often is maintainihg an
a.dequate commitment t0 a new iden in thé face of internal obstacles to change.
There is an understandable reluctance to depart from what has been & suceessful
pattern of business. - 80 we-come back again to the need for understa.ndmg, within
and outside the company, of the speecial problems of managing and explojting
- ‘technological change. These problems are no less formidable in a large orgamza.—
tmn than they are in a small ﬁrm They are ]ust d1ﬂ’erent ”

. The report recommends

RECOMMENDATIOI\ 17

(a.) A Whlte House conference on “Understandmg and Improvnng the Envn'on- o

ment for Technological Innovatmn
B % Op. eit., ref. 85, pp. 27, 28,




~ - in the 5-year plans submitted to the agency by local groups.’”

(b) Soon theree.fter a series of regional innovation: conferences, composed. of
governors, mMayors, ba.nkers academicians, scientists, engineers, entrepreneurs,
. and others—aimed at removing barriers to the development of new technological

enterprlses, jobs, and community prosperity in the respective regions. .

Summing up,.we find that the eoncepts, uneertainties, and other reahtles of
teehnologmal Innovation are like a.foreign language, indeed a strange world, to
too many of us. Beeause of, this, we believe the most iniportant initial task
before us isto become more w:delv acqua,mt.ed with the “language” and “world”
of innovation, . ...

. Understanding, as Alexander P0pe m1ght ‘have. put. it, .is. the key to a drawer
wherem lie other keys. . When we come to appreciate and understand the prob-
lems and the opportunities assoclated with innovation, we can more effectively

" act on programs that- will best encourage beneﬁelaI ehange a.nd the contmued
renewal of our: soc1ety 100, . . ;

2 REGIONAL DEVELOPMENT

Regmna,l development is the. motivation for, State and locel gov-
ernments to participate in technology transfer programs. The expe-
rience to date suggests that the first step is elementary education in’
thé opportunities offered by new téchnology

The first annual report of the ‘Office of State Technical Services
(ﬁseal year 1966) lists the following major State problems as expressed :

A Existing loeal industries fa.ll to.apply. full modern methods::
. .1. Lack of information sbout modern technology. .
2. Lack of know-how in applying technological mformat;on. .
3. Services needed in support of service-oriented mdustry
-4, Resistance to change by some businessmen.
5. .Obsolete equipment and physical plant..

e _' B. Shorta.ge of experienced managers and qualified techﬁlcal pers()nnel

1. Few academic, governmental and industrial research facilities in Sta.te
2. Young people leaving State after completing education.
3. - Lack of continuing educational facilities to up—dete g‘ra.dua.te engmeers
et 4. Spirit. of entrepreneurship often lacking. :
C Economy in transition unfavora.bg mﬂuencmg g'rowth and development:
: 1. Need for new industry and greater industrial diversification. :
_2. Declining agrioulture has placed burden of employment upon growth
3. Cyclical swings in manufacturing.
o 4. Technologieal changes reducing employment in ma]or industries,
- 5. Pockets of poverty in some areas of State :
. 6. Problems of urbanization.

e D Loeation; resource, and climate factors seen ag limiting development

1. Major dependence on a few resource-based industries with high.

seasonal fluctuations in employment, for example, agriculture, lumber,
- eonstruction, tourist trade and mining. ‘

2. Natural resources and partially processed products. bemg shrpped to
other states to be transformed into eonsumer goods,

- Physical conditions in State impede industrialization. - ; -

. Bparsity of population and distance from major markets,- resultmg in

> unfavorable freight-rates as a share of cost of both 1mported and ex-

,:"ported ma.terxals and goode : . o LA,

o

D INDEPENDENT NO’I‘-FOR—PROFIT RESEARGH INSTITUTES

- At the beginning of the 20th century, the concept of undertakmg
."~_sclent1ﬁe research and development directed to the solution of specific

- industrial probleras was just gaining acceptance. Up to_that: time,

science had been pursued for its own sake and technological change
_occurred Wlthout any deep understa,ndmg or by usmg Wha.tever facts
‘0 Ibid,,

: 0 Office of State Techmcal Serv:ces, Fu‘st An.uual Report Department of Commarce Washmgton,
NS ) Xo Xk January 17, 1967, p. 5
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'Were already a.vallable. Prof “Robert - Kennedy Duncan at the
Umvers1ty of Kansas wrote extensively on-applied research and
engineering. The Mellon brothers in Pittsburgh became interested
in his idess with the result that he came 'to-the University of Pitts-
burgh in 1913 and eventually founded Mellon Institute in -1927.

Other- similar organizations arose—Battelle Memorial Institute at - .

Columbus, Ohio, in 1929, and Armour Research Foundation (now -
renamed the Tllinois Institute of Technology Research Institute) at

Chicago in 1936, After World War II, the benefits of applied research

had been dramatically demonstrated. The agglomeration of science

- Tesources around existing university centers of excellence on- both
* coasts left many regions 111—equ1pped to mtroduce new technology and_.
R &-D. methods:to local industry.

Farsighted businessmen and civie leaders in & number of cities
organized to provide nuclei for regional technology transfer. " Table 6
lists the major institutes today. The institutes were chartered to
serve nearby industry as contract research ]aboratones and consul-
tants in employing science for economic growth. ~Some ingtitutes are
loosely attached to universitiés but most have completely independ- -
ent staffs and facilities. Original financing varied from personal
philanthropy to public subscription to State and local government
“grants. The not-for-profit label indicates that their public:service -
nature has been recognized by the Internal Revenue Service as
exempting their income from taxation. This ruling is contested by :
commercial R. & D. and testing laboratories who claim that- the .
independent institutes perform identical services in competition with -
taxpaying organizations. - The'institutes do, of course, make a profit
and collect fees on Government cortracts. 'Burt the excéss of i income

over expendltures is ndt distributed to any stockholders or owners; L

it is plowed back into facilities or internally supported research in the
publi¢ interest;” A few institutes have set up ta,xpa.ymg subsidiaries
for specific commercla.l ac’cwltles ' _ .

TA'BLE 6. —Independem not-for—proﬁt reseamh msmmtes =

. . A Sl T ROED

S L ’ ) AR ' Professionsl | dollar- ' -

Ingtitute o .~ Location - .| Founded | staff, 1665 voll_gs.tsne,' g

o Do o : ' : (millions)
Batte]]e ‘Memartal Instltute ____________ Columbus, Ohm--.._ ________ 1928 . -.2,600 £3.
Cornell Aeronautical Laboratory._____.| Birffalo, N‘.Y--__-__.- _______ 1946 - 670 23.
Franklin Institate_.._..__._. .| Philadelphia, Pa.. 1646 . 225 . 5
Gulf South Research Institu Baton Rouge, La._ 1065 12 .
IIT Regearch Institute.: Chiecago; I, _cervne 1636 . 900 25,
Mellon Institote_ __.._. Pittsburgh, Pa.-_ 11927 | 570 22,
Midwest Research Institute.._..______. Kansds City, Mool 1044 : . 238 4
Ngrtl%ift%r Research and Development Minneapolis, Minn...________| 1963 : 25 “

- Institute . .
Research Triangle Institute__:_ Durham, N.C_.oooo_.. .o 1958 : 17 3.
Southern Research Institute. _| Bitmingham, Ala____._...__ 1645 . 217, 4,
Southwest Research Inst,ltute__ _.| Ban Antonlo, Fexo oo 1947 280 | -9,
Spindletop Researeh: - .- . ..| Lexington, Ky.. _._ | 1961 P i.
. Stanford Research Institute..__.____.__ Menlo Park, Calir 7077 | 1046 1,407 50.
Uiuvteﬂrtsl;tty Clty Sclence Rese.arch Phila.delphia, Pa. 1954 .
g e - : o

eSO DEMWGWD

The orlgmal mission “of  the mdependent. not~for-proﬁt research

institutes was to do exactly what recent studies of technology transfer - -
have found necessary That is to Identlfy technologlcal needs within



2 firms, which . ére not fully integrated with complete rTesearch and
-engineering staffs of their own. The institutes were to act as transfer
agents, knowledgeable about sources of technology on the one hand and
. able to perceive application possibilities in local industry. Their
o Frimary radius. of operation was within a few hundred miles of their-

ecation.. - T S T
~+ The-concept required considerable education of industry as to the
“opportunities in industrial R. & D. The major confribution of the
_ institutes was in rajsing the level of awareness and technical literacy.
- in. their regions. They attracted to- their staffs.{and subsequently.
" . trained) a problem-solving type of scientist or engineer—who %e_came_
what amounted to an institutionalized entrepreneur. This unique
public service was developing with considerable suceess and very little
-support from Federal agencies during the late 1940%s. -.. " -~ -
~Federal Government programs began to support applied R. & D. in .
rapidly mounting volume in about 1953. ' (The, total for 1953 was
$3.1 billion, up from $1.8 billion in 1952, which was the first year since
World War 11 that the 1945 maximum of $1.6 billion. had been
. equalled.) The:independent research institutes were a readymade
. performer for these Federal projects and the large increments of

- funding were much easier to obtain than the many small industrial

_contracts. Further, the public service charters of the institutes and
their tax-exempt status made it very difficult to turn away Govern-
- ment proposal requests. In a few ‘years, the institutes had been
_ diverted from the regional technology transfer programs. The per-
- centage of their annual contract support provided by Federal agencies
~changed from 20 to 30 percent-to 70 to 80 percent. - The-institutes.
- became:highly dependent on. Government R. & D.:contract pro-
cedures, talloring their facilities, staffs, and management accordingly.
A case can _be made that in serving the Federal Government, the
institutes and their regions have. been.thwarted-in . proceeding with’
° technology transfer. But perhaps more importantly, they are now
" bétter, equipped to take. part in -upcoming. transfer efforts.  The
original concept,of “knowing the territory’” is still valid, and now the
institufes are well acquainted. with the sources .of technology within
the Federal program. The institutes have much closer relationships
to.industry than do many universities. Their staffs are fully oriented
to applied research. "~ o o T T
... The State Technical Services Act was clearly designed.to:involve
" universities although research institutes have been helpful in formu-
lating State plans and may take on specific grant activities in the
- future. The NASA technology utilization program’ started with
- Midwest.Research Institute in %ansas City as.its first regional dis~
" . semination center, but since then has become more involved with

27 universities, | ‘

- The MRI program, although labeled. an experiment, has proved

*_ that - the -institute .concept. of technology transfer iz eflicient and:

= workable.. - Called -ASTRA (applied: space - technology-regional - ad-
- .vancement) the' program began in 1962. .As described in a recent

'.-"f.,_.’re‘pc)rt'.: i-'

2 of personalized serviee.

The ASTRA services fall into three major categories—consulfation, iufqrma;tioh
serviees,. and seminar partieipation. The program is designed around a conceph

. To be effective in working with elient ﬁrnis, the ASTRA techni_cal,pr.bfessibt_la..i .

~+. . must have a thorough knowledge of the client’s technical needs and interests.
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Each chent firm is visited twice éach year to a.pprelse—and reappralse—the ehent.’ fa
needs... In addition, the staff of the client firm is encouraged to.visit Mldwest
Research Institute for consultation with the ASTRA/MRI staff. . :

Industry response to both, the surveys and the seminars, has been excellent
‘suggesting that they represent a very effective and efficient means of dlssemma,tlun

OUne of the difficult, challenging, and frustrating aspects of an information dis-
semination program like ASTRA is to micasure accurately its impact on the par-
ticipating firms. If the information provided-is off target .and not. useful, the
firm usually doesn’t take the time to report baek. 'If the information pr0v1ded
leads directly to a really mgmﬁcant advance for the firm, industrial secrecy is
usually imposed to proteet a competitlve advantage. The result is that meaning-.

- ful feedback from the firms is not $pontaneously supplied; it must be dug out.102

'The research institutes would seem to be. a focal _pomt for riational '
technology transfer efforts. ~They are ideal training centers “for
transfer agents.  They dre located. in regions which have demon--
strated initlative in recognizing technological needs. They are & type:
of institution which is oriented to public service and independent from
(btit thoroughly conversant. with) either government or 1ndustry‘
Technology transfer is their raison d’etre.’

The initial financing of & future national technology transfer pro-
gram will be largely by the Federal Government. A suggestion has
been made that the heavy dependence for R. & D. performance by
the Government on organizations such as the independent research .
‘institutes has engendered a respons1b111ty for sustaining ﬁnanela,l
support so that other’ local services may-be adequately contmued

Were Govern_ment now to reeogmze t.he need for building.a long—term seérvice .
capability in orgamza.twns with unique or speeial talents, it would seem an easy
matter for Federal agencies to begin to apply to the private agencies on whosgo :
services they 'depend the same principles now applied to the -universities. For
cxample, sustaining grants to such organizations could provide funds for ad-
mlmstratlve costs not allocable to contracts. Such grants could also provide

‘‘venture eapital” for programis ‘which, though not of current interest to ihe -
Government, would develop the general competence of these orgamzatmns, :md
hence the:r longer—range usefulness to Government . Lk

Nonetheless, the real issuc is begmmng to emerge clearly Is the nongovern—
metital organization of the futurd to be simply an anxiliary to the state, a kind.of
‘willing but not very resourceful handmaiden? Oris it to be dstrong, independent -
?djunct ?that provrdes government with a type of ca.pa,blhty 11; cannot prowde
or itself?

If it is to be the Iat.ter, and for most Amerlcans t.hc queetlon is one that is 11kcly
to admit of no other aniswer, then we must face up to the difficult problem of how
we are to finance these organizations. More can be done on thoe private side, as
private - responsibility will—and should—continue.” For example, there might
-perhaps be s6mie advantages to be found in experimenting more widely with the -
notion of cooperative fund raising which has worked so well for.some community.
chest organizations. But the question must also be raised as to whether responsi- .
bility for the general financial health of at least the rost 1mp0rtant of the non-
governmental organizations should not now be shared by the Federal Govern- .
ment. Certainly the time has come for a comprehensive and careful study of thc )

: problem from both the governmental and nongovernmental gides 1058 . --

The not-for-profit institutes are in- a - position to nnpart l*uofh
leverage . to regional technology - transfer programs. Whether by
sustaining grants to allow the expansion of services not supported by

revenues, or by direct contract: for. performance of Federal transfer - :
actwmee, these unlque organlzatmne W111 be a v1ta1 part. of fut,ure.' S

-eﬁorte

102 Aleott, James, “Teclmo]ogy Tiansfer Via'a Research Insntute "' Research.uDevelopment, September S

1966 Pp. 23.24..
108 Pifer, Alan, “Phe Non-Governmental Orgamzatmn at Bay " the Annual Repurt of- the Carnegm
Foundation, 1966, pp. 10, 14 : ) . : .
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e ) __Scienée and engineering are important and often dominant functions '
in_institutions of higher learning. The emphasis is on teaching and

. research however, and not on technology transfer in a short term sense

_ to business. In the long run, the universities are increasing the techni-
.cal literacy of the enfire society and this will contribute to the demand
- for, and understanding of, technological .change. -

. Proponents of placing transfer programs in universities have no'i;séd !
that two purposes might be served. Tirst, the professional teaching
stafl is a source of transfer.agents who should be able.to educate users

as.t0 the value of new technology and assist in problem identification.

"Second, the exposure of academicians to practical commercial tech-

- nological needs would. result in teaching which _produced graduates
" better tuned to industrial requirements. In addition, the university
“today is becoming a multipurpose institution of public service closely
integrated with the community rather than an ivory tower  of

- knowledge.

_ The merit. of thés;_é'édfgu'ir:lén't-,s_g_depends' to.a great extent on the atti-

~ ©_tudes of particular university managements. . To attract the endeavors

of competent faculty members, technology transfer programs must
offer rewards and recognition equivalent to teaching and research.
' The agricultural extension services in land-grant colleges were usually
“staffed apart from the teaching faculty.. Many university research
“centers are also separated organizationally. Tt may be. difficult to

_arrange a recognition system for the relatively new concept of tech- =

nology transfer which will truly involve the faculty and not result in

"~ .a mere administrative attachment of a dissemination center to the

_ university. Dr. Alvin Weinberg has noted. that whereas society is
- ‘migsion oriented, universities are discipline oriented. -~ =
" ~The preference of students to pursue pure science hag raised con-
~cern in industry and government. Dr. Edward Teller states:

In our educational institutions.applied science may almost be described as “no
man’s. land.” - Recently I interviewed 24 most. promising: students from -the
varipus departmients of :the Massachusetts Institute - of Technology. These
departments included mathematics, physies, chemistry, and many branches of

. engineering. The purpose of the interview was to seleet students for fellowships

- in applied science. The interviews revealed that 22 out of the 24 showed a
marked preferenee for pure science. In noting this ratio, one should eonsider
that the Massachusetts Institute of Technology is supposed to have a particularly

close connection with technology.10 Cl :

The subcommittee contacted the University of California, the
University of Chicago, and the Massachusetts Institute of Technology, .
. three major . contractors for Federal R. & D.. These institutions

. called attention to the fact that their faculties engaged in & number of
different technology transfer activities apart from the teaching role.

.* . Included. are consulting arrangements with industry, R..& D. clinics

- and seminars for business, and participation in “spin-off’’ companies
derived from research projects at the univérsity. Other comments
from the schools are found on pages 166-167. ~ . = 7~

_ Therole of universities in transferring Federal technology to business
could be. extensive, but specific administrative adjustments will be

“necessary to get the full benefit of these institutions. -

o lﬂziﬁgBasic Research and National Goals,” National Academy of Sciences, March 1065, Washington, D.C.,
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F. FepERAL CONTRACT RESEARCH CENTERS

These laboratories are operated by varioug mstltumons s,nd mdus—
tries: under contract with agencies. They could be given an expandéd
role asregional technology transfer centers.  The value of the contract
research centers as -a national ‘asset far beyond the perforimance of
their primary mission’ has ‘been recogmzed As agency assignments
change and pew public needs -arise, the -centers should ‘be flexible
enough to take on new tasks. As an example, Oak Ridge National

Laboratory has assisted in studies of @’ combined - noclear electrm _

power desalting plant with the Qffice of Saline Water. ~

Participation of the Federal laboratories in cooperative educatlon-
projects with universities would strengthen applied research training.
On a_case-by-case basis perhaps, technology transfer activities could
be added to such an arrangement. - As with other institutions, the
advantage to be gained'is 4 closer coupling of originators f technology
with users. -The AEC Offices of Industrial Cooperation at-Argonne-
and Oak Rldge National Laboratories are the beginning operations of
what could become comprehensive transfer centers. " (See p. 130).

‘A list-of the contract centers is presented, adapted from’ NSF—66~—25
Federal Funds for Research, Development, and Other Scientific Activi
tIes, ﬁscal years 1965, 1966 and 1967 volume XV pages 71 72

FEDERAL CONTRACT RESEARCH CENTERS

Departmenb of Defense o e e
Secretary of Deferige: ~ - - e
Managed by. other nonproﬁt mst1tutlons
.. ~Hudson Institute. . :
> " Institute for Defenise Analyses
Departmen’o of the Army: . .
Managed by profit organizations: -
.-+. Rocket and Propellant Laboratory (Rohm & Haa.s, Inc)
. - Thiokol project (Thiokel Chemical Corp.). .
\/Ia.na,ged by educational institutions: =
"Army Mathematics Center- (University of Wisconsin}., - P
- Human Resources Research Office (George Washington Umvermty) )
Bpecial Operations Research Office (American Unwermty) ‘
Managed by other nonprofit institutions;. -
‘Resgearch-Analysis Corp
Depa.rtment ‘of the: Navy: y
Managed by profit orgs.mza.tlons e : : me
Ordnance Aerophysics La.bora.tory (Convalr D1v151on, General
« Dynamies Cor e
Ma.naged by educa.tlona.l institutions:
Applied Physics Laboratory (John, Hopkms Umvermty)
Applied Physies Laboratory {Univérsity of Washington).
Arctic Research Laboratory (University of Ala.ska.) :
Hudson Laboratory (Columbia University).:
Navy Biological Laboratory (University of Callforma) el
Ordnance Research ~Laboratory (Pennsylvania State Umver31ty)
© Managed by other nonprofit institutions: -
- Center for Naval Analyses (Frankhn Ins’mtute)
Departrnent of the Air Foree: .- . : :
Managed by profit organizations:’ .
"Iuclea,r Aerospace Research Facxhty (Oonvmr Dw1310n, General‘
. Dynamies Corp.). - ‘
~internationsal. . telephone - and- telegraph commumca.tmns systems
(International Telephone & Telegraph Corp) SIS i
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o _Department of Defense—Contmued
"~ . Depsrtment of the Afr Forcev—Contmued
~Managed by educational ingtitutionsg:
.- ... Lincoln Laboratory (Massachusetts Instltute of Technoiogy)
" Managed by other nonprofit, institutions:
. Aerogpace Corp. .
Anser (Aualytrc Servmes, Ine)
 MITRE Corp.
o "RAND Corp.
-»Atomle Ener ([iy Commission:
Managed by profit orgamzatrons
Betiis Atomic Power Laboratory (Westmghouse Eleetrle Corp)
Engincering test reactor, National Reactor Testing Station (Ph.llhps
Petroleum Co. and. Idaho Nuclear Corp.)..
Knolis Atomic Power Laboratory (General Electrie: Co.).
" Savannah River Laboratory (E. I. duPont de Nemours & Oo Inc)
Mound Laboratory {Monsanto Chemical Co.).
-:Qak Ridge National Laboratory.(Union Carbide Nuelear Co)
- SBandia;Laboratory (Sandia Corp.).. -
Ma.na,ged by educational institutions:
‘Ames Laboratory (lowa State University of Selence and Teehnology)
- Argoxme National- Laboratory (Umver31ty of Chlcago a.ud Argonno
=+»: . Universities-Association)..

Institute of Technology).

--Lawrence Radiation Laboratory {including’ the leermore Ra.chatlon
.- Laboratory, University of California). -
- Los Alamos Scientific: Laboratory: (Umversrty of Ca.llforma) i

Prmeeton—Pennsylvama Proton Accelerator (Prmceton Umversuty and ’
.+ - University of Pennsylvania}. ‘ :
Prmeeton Stellerator (Princeton Umvers Sy)
Stanford Linear Accelerator Laboratory { tanford Umvers1ty)
C \Ianaged by other nonprofit institutions:  °
AR - Brookhaven National Laboratory 1% (Associated Universities, Ine)
T "~ Oak -Ridge. Instltute of Nuclear Studres 10¢n (Oa.k erge Aesoem.ted
cow Universities)
Pacific Northwest Labora.tory (Ba.ttelle Memorlal Instltute)
N a.tlcmal Aeronautics and Space-Administration: :
cpnln T Madaged by edueational institutions:
B . Jet Propulsion Laboeratory (Ce.hforma Inatltute of Technology)
7.~ National Science Foundation:: :
: Man%ged by other nonproﬁt institutions:
itt Peak National Observatory (Assocxa.tlon of Umvermtlea for Resea.reh
in ‘Astronomy, Inec.).
National Radio Astronomy Observa.tory {Associated Universities, Ine)
Natjonal ‘Center for Atmosphenc Research' (University Corp for
Atmospherie Research). @ -
Cerro Tololo Inter-Amenean Observatory (Assocm.tlon of Umversrtles
f0r Resealeh in Astronomy, Ine) :

G THE FEDERAL GOVERNMENT

1 THE SPECTRUM OF POSSIBILITIES

Lesher a,nd Howmk present, the posmblhtles for the Federal Govem-
ent in:the question:’

* Should the responsibility of. the Federal Government end with:

Publication, l.e., making the:.results of research and development a.va.llable (db
‘In libraries, dep051torles, and journalsy for interested partles, {))ut plaomg the fu]I
o burden of dlscovery and use on the potentla,l user? :

Bibliographic control 1, e makmg it easy for the mtewsted partles to seek out
releva.nt publma,tlons? ‘ : :

‘ Cambndge Electron Aeoelerator (Harvard Umversrty and Masaaehusetts o '

) b 10::-;, Opemted by nonproﬁt corporatlons sponsored by edueatwual institutions, but not, dJreetly managed- Co
Yy

-,
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‘ Desse?mmatwn ie., actlvely dehvermg relevant publlcatlons to mterested &
parties? :
Communicotion, which 1mp11es some personal (versus only paper)’ mvolvement in
defining the needs and objectives of the user and geeking to match specific: tech—
nical information to those needs, 5o that understanding is achieved? © ’

Education, which implies not only communicating specific information but e

also bmldmg the background of the recipient of the m.formatlon to a level Where !
‘the relevant information ean be more effectively utilized?
Encouragement, i.e., actual continuing eonsultation with the user of the mfor-
mation to promote utilization (versus transfer, per se) of the technology?
Assistance, i.e., Government aid in adapting technology generated for a Govern—
ment mission to make it useful for nongovernmental purposes (6r che Govern-
ment agency ‘adaptihg ite technology for the use of another Government ageney)?
Deselopment. assistance, which implies: Goverhment action to £dd ‘to the knowl-
edge base and devélop new technology speclficaliy to meet; needs and- objectlves

‘in:the civilian economy? 1% -

These activities can be added to the 1dent1ﬁca.t10n ‘and processmg; "
steﬁs (see p. 67) to complete the. initial stages of techndlogical change.
osenbloom, in his study for the ‘National Planning “Association
comments on the respon51b111t1es of the Federal Governmerit, industry,

and ‘a “third force” of universities and the. resea,rch mstltutes, the.'

knowladge transformation'industry: o :

... Although the existence of some Federal responsnblhty in, th1s ares, seems beyond -
‘doubt, there’i is & serious question of degree. The substantial involvement of the

Federal agencies in modern science and technology implies some responsibility *

for the consequences of that role. Since two-thirds of all R. & D. work is sup- -

. ported by Federal funds, the Government elearly has s responsibility to make the -
results of this'work available for the widest pessible use. The.establishment of a -~ -~

Federal clearinghouse o distribute all technical documents resulting from Govern— -
ment research and development moves in this direction. . :

An important question remains unanswered. How far should the Government
Zo, not only in making findings available, but also in selectlng and tailofing repotts
for-most effective use by private enterprise and even in promotmg the receptivity -
of private enterprise for utilizing the advanced technology? - Here the question-of

_what is proper activity for the Fedéral Government merges with the question: of

what means are available to the Federal Governmerit to act eﬂ"ectwely mthout
interfering with the responsibilities of private enterprise.: .

Whatever the limits of Government efforts to facilitate- transfer it-seemis clear
that coordinate activity on the part of private industry will be a prerequlslte to
the success of the Federal effort. Defining the responsibility of the private firm
in this regard, however, is more difficult. %Ve presume that the private enterprise

" best serves the general welfare by the pursuit of its own interests (within the bounds )

of law and custom). The ultimate payoff and best test of the transfer process is
the corporation’s willingness and capacity to effect innovation. In the private
corporation; however, special mechanisms, instituted to facilitate the acqulsitmn
of new technology, clearly must pay their own way in the lorig run; There is a
cost of receptivity to new technology. and if that cost outweighs the benefits -
derived by the firm, one cannot expeet continuation of such programs, - Unfor- :
tunately, the costs are likely to be far more tangible than the benefits, suggesting
that profitable programs may be forgonc or abandoned beca.use of the d1iﬁcult1es‘ )
of making an accurate evaluation, i

The educational and research msmtutzons also’ have an 1mportant role in“the’ 3
transfer process. Research and training in the new “sophisticated’”’ technologies -

and their incorporation in the heart of educational programs will lead to wider
understanding and acceptance, and ultimately to their commonplace apphcatlon

Without discussing the complex issues concerning the nature and extent of univer-. -

sity responsibilities, their dual relevance to this subject should be noted.: The
university influences the utilization of technology both through the guality and
character of the training it glves to technologists and-through its cwn. activities

generating new technology. . The Government, in turn, by its actions may help . 3
or hinder the educational and research orgamzauons in fulfilling their functions. -

A middle ground institution, probably in the form of some kind of specmhzed

information center, might help to couple sources ‘and users of technology It.'__'_ ) -

165 Op, cif., ref, 77, . 48-40.
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-would have to be familiar, on the one hand, with the charagteristics of the available
national infortation resources and, on the other hand, with the conditions within
the firms which are to be servige, . Such a center could algo perhaps assume much
of; the responsibility for the: ereative transformation of the information, which i is
likely to be so necessary to effective innovation.” The center should be in a posi-

© tion also to answer epecific questions in relation. to problems alréady perceived
by privaté enterprise. Werner Hirseh, of the University of Ce.h.forma, has re-

- ferred to these activities as an emergent ‘knowledge transformation industry.”
‘Even though the initial stages of such a knowledge transformation industry

ean already by observed it is not vet clear what structure would be most appro-
priate for this ¢ 1nduetry” or what'its chances of success are in the long run. We
take note of the possible role of such a ‘“‘third party,” not as an argument for the
encouragement of new ms‘mtutlons but as a recogmt.lon that several sueh org&mza—
tlons have already -emerged. -

“Despite the possible contnbutmn of - Feder&l programs and thlrd parties, the
ultrma‘ne responsibility for transfer rests with the business’ firm. Whatever the
effectivences with which these ‘new functions are performed by Federal agencies, .
~ of by intermediaries—and. there is evidence of modest progress in these diree-:

tions—the greatest benefits will be derived by the firms which are’ themselves

best equipped to -acquire, appraise, and implement new technieal information. -

The most significant problem here would seem 6 be the achievement of an effec-
- tive coupling across the boundary’ enclosing the corporation -itself."- To do this

requires hoth sensitivity on the part of the Federal agencies to the mechanisms

" by which businesses may fruitfully equip thernselves to acquire and use informa-

.- tion, and awarness on the part. of busmees of the eteps berng taken by externa.l )
ageueles 06

./, The Federal respons1b1].1t1es for teehnologicel 1nn0vat1on are deﬁned
by the. Department of Commerce Panel on Inverntion and Innovation

-0 include “studies of the innovation process, the adverse inpact. of
Government contracting on small technologically based . firms. and
the absence of an eﬂ’ectwe Federal spokesmen for suoh ﬁrms 107 The

report recommends :
. : RECOMMENDATION 9

ik The Dep&rtment of Commeree should broa.den and complement its. studmes of

the -innovative and- entrepreneurial processes by initiating an. integrated . pro-

- gram,.in.cooperation with the universities; including the preparation of empirical

- data and ease materials on. these processes; studies of the venture capital system;

and experimentation Wlth teaehmg methods to develop mnova,tlve a.nd entrepre—

- neuriel talents 0 R
R i B RECOMMENDATION 10

" An mterdepartmental ad hot review of current contractmg poileles and pro—

: cedures of .such. agencies .as the Department of. Defense, the National Aero-
nautics .and Space Admm1etrat1on, the Atomic Energy Commission, and the
National Institites. of Health,.to insure that these pol1e1es are conducwe to the
long~range growth of smell enterpnses : N ‘ .

RECOMMENDATION 11

The Department of Commerce should serve as t.he “Federal spokesman repre-
sentmg the interests of new technologmally basged enterprises and should develop
the necessary competence and organization to deal effectively with problems
. _assocmted with venture capltal availability and the generation of such entérprisés. %

" A recent study . by the - Rand Corp. and the. Brookings Institation
' suggests the establishment of & National Institute of Technology for
. éxpertmental development of - adva.nced technology under Govern—

_ment sponsorship. - SR .

TN Rosenbloom, Rleherd S “Teehnology ".{‘ransfer--Process and Pohcy," N'etional Plannmg Assoem-
- tlon Special Report No. 62, Tuly 1965, pp 29, 30,31, 32,

.L37 Op. eit., releretice 85, P 45, . . . SRR _' . .
IUBIbld pp 45, 46 47 e T L Lo

77217 O—6T—T ' - : -




- 88 : PoLioY- PLANNING FOR -TEecmroLoGiﬂ‘TRAﬁSFER '

FUNCTIONS AND CHARACTERISTICS OF ‘THE INETITUTE

There are two possible models for such a program One would be to fol]ow the
example of the National Advisory Committee on Aeronautics and conduct. the

~research in Government facilities.” The second would be to follow the example of

the National Science Foundation and work prineipally through support to.outside
organizations. - (The National Institutes of Health and theé Department of Agri-
culture regearch support programs are somewhere in between.) Greater flexibility
‘suggests. the second approach; though the organization will need some jn-house
capability to evaluate proposals. One possibility would be to link the Institute
with the National Bureau of Standards. The balance between in-house research
and grants can be worked out as experience accumulates, but the Institute would -
probably be pnmarlly a .grant-giving agency. It should be wﬂlmg fo take the
_ initiative to point out promising areas to which it would give priority. :

To stress the analogy to the %\Iatmnal Science Foundation and to the Natmnal
'Instltutes of Health the proposal is called a National Institute of Technology:
The mission of this organization is to.support research and experimental develop-
- ment meeting three criteria:

1. The proposed research or expenmentatmn, lf successful would produce

. knowledge which could be exploited to yield significant inereases in the per- o :

formance or efficiency of a class of products or processes. -
. 2. There should be a reasonable chance of success at a level of fundmg
- commensurate with a high rate of return, if suceessful, . :
3. It should be established why business firms, presently are not under—-

: takmg projeets of this kind despite the high expected social rate of return,
There are some extremely difficult questions regarding. whether the Instltute
should aim principally to support work done by business firms and private in-- -
ventors; or work in the universities. It is quite possible that the former-would,
.- yleld -tho greatest payoffs—that the Institute should aim to stimulate proposals -
from imaginative engineers. in buginess firms, and to- provide encouragement .
and financial assistance to freelancers. There would, however, be serious problenis
regarding dispositions of any resulting patents. Busmess firms or private inven- -
tors would probably not aceept Government support for ideas they thought excit~
+ing if the price of such support was abandonment of patent rights, and while the
useful knowledge created usually would transcend the patent rights, a privately
held patent might obstruci others from capitalizing on the knowledge created.

While some kind of a patent licensing arrangement could be worked out; it is-
suggested that the objective of the grants should be viewed as knowledge for gen- :
eral use in the public domain. Any resulting patents should vest with the public;

and there should ‘be full publication and publicity of results, This would mean - -.

‘that the bulk of the grants ‘would go to colleges and universities: (principally
. engineering departments) and nonprofit organizstions, However,  grants for
research conducted in the facilities of business firms should not be precluded. For
. certain kinds of prmeots 1ndustry fae:lltles and pa:rtmlpatlon may be very fmi-

portant.1%s -~ - .

“The research support program of the Instxtute undoubtedly would" overlap the )
scope of the engineering sciences support program of the Naticnal Science Founda-
ticn, and m gome cases the basic research program of mission-orientéd Govern-
ment agencies like the DOD.  For experimental hardware projects there would be
some overlap with mission-oriented Government agencies, if not with the Nationgl

Secience Foundation; although this should not present a problem. Presumably the

Institute would avoid projects where other financing was readily attainable and,

in any case, multiple alternative sources of support for this kind of work are to be

highly desired. When the National Science Foundation was established there.
. were major alterhative sources of Government basic researeh support, and the

NSF continues to be a small-scale supporter of basic research, relative to such -

organizations as the DOD, NASA, AEC, and HEW.. The prmolpal distinguish-

ing function of .the Instltute, like the dxstingmshmg characteristics of the NSF,
would be the responsxb;l:ty for across—the—board support of a partlcular class of

.18 Tnder thesa circumstances the fellowing condltlons might. be lmposed to assure that the- knowledge
entered the Eublm domain. ' The praject must be run jaintly by a university and a business firm or group
of firms with a university person in at least joint project directorship. The research project should be
- separated physically from any proprietary work to assure that there are no constraints on visiting and
observing.” Finally, the academic group would have authority over the project write-up and reporting.
However, setting these restrictions might preclude certain useful projects, and an agreement that resu.lts_

be fully publlshed and that patent rights vested w:l;h the publm may be sufficient. :
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s a.et1v1ty Whlle the NSF is concerned with advancmg the frontlers of -science, -
s the Instltute would be concemed with advaneing the frontiers of technology 108

<A TECHNOLOGY PACKAGING FOR PUBLIC NEEDS

One of the beneﬁts Whlch can be sought Wlthout ergument is the "
use of accumulated federally sponsored technology in other newly
developing public purpose programs. These include the restoration.
of environmental quality, pollution abatement, crime prevention,.
urban mass. transportation, arms control and dxsarmament highway
safety, worldwide nutrition, and urban redevelopment. The Depart-

-ment of Commerce Panel on Invention and Innovation. reports::

Any consideration of the total innovative process should include analysis of
the interrelations between social and private innovation.  Private innovation in
the industrial. sector has produeed éonditions which eall for gocial innovation in
the public sector. Moreover, advances in prlvate mnovatlon are. dependent upon
the climate provided by sccial innovation. .

We have considered the possible sources of soclal mnov&tlon and the roles of

-government and industry with respect to its performance. Social innovation in
the public sector must depend upon private as well as publie resources. Az an
.. illustration, improvements in the control of water. and air pollution must stem
. from private innovations producing changes in automobiles: and in industrial

i processes such that the polluting elements which are dleeha.rged into the envu-on— ‘

ment will be reduced of eliminated. :
» We believe it is incumbent upon gcvernment, both local and natlonal to pr0v1de
the essential framework for social innovation. As a general prmelple, WOTEOVET,
- "government should encourage the use of prwate resources for social innovation
© whenever possible, In this effort we conceive of’ governmental funetmns along
the following. lines: e
(@) Defining the social probleme and the pnontles for their solutions.
(8) Intensifying the planning for such solutions. :
{c) Encouraging private enterprise to seek proﬁtmakmg opportumtles 1n‘
*. the development of such solutions.
(d) Developing regulatory and other mechanisms, such -as government
purchasing policies, to_compel or encourage industries to modify productive
_processes and products in such ways that they will contribute to the better-
ment of the socla.l sector (for exempie, regulatlons rega.rdmg water and air
"~ pollution). _
{e) Carrying on the necessary teehnologmal developments, when it is cleal
»-.-that private. resgurces eannot be depended upon to undertake them satle-
faetorlly 110

Technology transfer could provxde an unportant addltmna,l Gov-
kernment function in assembling special packages of federa]ly -controlled
technology which are important to the desired social innovation. For

example, the.electric automobile might be an attractive alternative
to the internal combustion engine powered car for certain urban uses.

- The Government is not likely to'contract directly for the development
of -an electric atto. - Pollution abatement legislation may strengthen,
the. market demand and -stimulate private-R. & D. Such efforts
" could be launched from. a higher state of the art if all the scientific
. and technical knowledge from Federal programs which was relevant
to electric propulsion weas made readily available to prlvate developers

- A Federal technology transfer program could refrieve and organize
‘these data with the end use clearly in mind. Industrial developers
would not. have to make repetitive searches individualily. - The =
~ existence of such a specialized technological package would aceelera.te_
~_ innovation toward 1neeting this Well-defined public need. .
108 "Teehno!ogy Eeonomic Growth and Publle Policy,” Nelson, Richard R.; Peck MertonJ’ and Ka!n-_

" chek, Edward D. The Brookings Instltution, Washington, D.C., 1957, P- 180 181, 182,
3o Op eit., ref 70, pp 11, 12.
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H TECHNOLOGY TransrEg BY THE U.S! DEPAR*i‘M"ENT'.w '
— : "~ OF AGRICULTURE T '

Any dlSGllSSlOIl of -& purposeful program for movmg se1ent1ﬁc - j";”, ?.‘

. information into practical application soon involves the success story .
- of American agriculture.  Most of this sort of transfer is the’ direct

and primary use of R. & D. which was perforied for a well-recognized

reason. ' But a significant amouni of agricultural technology has found
“additional use far removed from the original project.  And most:
" importantly, the Government was acquiring the technology but the
thousands of individual farmers were the appliers,” So an efficient and
widespread -transfer system was developed. -The concept of the
extension agent seems quite relevant to industrial technology transfer, -
‘The following description is presented so that valid extrapolations -
¢an be made and also to show where the analogy breaks down. Thls
section was furnished to the subcommittee by e USDA

1 INTROD'UC'I‘ION B

The colleetlon a.nd dissemination ‘of . 1nformat10n on e,gncultural" L

technology has been & national policy of the U.S. Government since .~ -’

the early days of the Republic. George Washington in hls last' annual -
message to Congress stresséd the “primary importance’ of agriculture
to the national welfare and observed that among the ‘means used to
promote agricultural development— . -

" é% % ¥ pone have been ntterided with greater success than the mtabhehment of

boards (composed of proper characters) charged with collecting and diffising

information, and enabled by smail peeumary alds to enoourage and assist a spmt R

of discovery and improvement”’.

: Funds from the first approprlatlon for agneulture lnade to the o
Patent Office in 1837 were used not only to acquire knowledge, but °
also to finance the publication of information on agricultural subjects
including technology. Trained writers were employed for. thls pur-
pose, a practice that has continued to the present.

The act establishing ‘the US Departmernt of- Agneulture in 1862 ©

. directed that the new agency “pequire and diffuse among the geo ple
of the United States useful information on subjects connecte

with

* agriculture ‘in the’ most general and: comprehenswe sense of the,t-_, o

Word * ¥ kN

- It also du‘eeted R Commlssloner of Agrlcuiture to am}un‘e B

: and preserve in his: Department all information concerning agriculture

which. he can obtain by means of books and correspondence, a,nd by- L

practical and scientific’éxperiments * * *.”

From the beginning, the Department defined its. respon31b1hty to -

inform the people in the broadest sense.. The Department not ‘only -
publishes the results of research in scientific journals or monographs;

it also.-accepts the responsibility of communicating research ﬁndmgs e
in forms that can be understood and used by f&rmers and the genera,l' S

pubhe ;

The Department malntams an - open door” mformatlon pohcy :
Requests for informsation are freely filed, subject only to certain =
legal restrictions or -departmental regula,tlons Representatives of
* “the communications media are encouraged to interview polley, a,dmm- g
' 1strat1ve or technical personnel Wlthout restriction. R




s

L As a .feséult of the -pblidy laid down in legislation enacted over &

.. century ago, the Departiient now has the most comprehensive system . '.

~ for technology transfer of any department of Government. Itisbased -
-~ on the following: (1) Publications; (2) dissemination of scientific and
" technology findings through the mass communications media; (3):

. Agricultural Extension; and (4) the,_Na.tional:Agriqultural' Library.

" the Nations’s foo

7 R 2. PUBLICATIONS ‘ Lo
' "_jIn.linéz-vi\rith its historic ‘missibh_,'U SDA has developed an extensive
Ezblic_ations_program for transfer of the technology developed in its
boratories and e:({lpérimental.farms 1o those who produce and market
and fiber. The Department at its Washington -

headquarters (including Beltsville), issues about 1,100 scientific and
technical publications.annually. = In addition, up to a thousand recur-

e ring reports each year present economic, statistical, and market infor-

- mation nedessary for the operation of modern agricultural industry.
_ The USDA has long followed a-policy of adapting its publications to'

- theneads of the users. Several publication series have been developed, .
..each designed for the requirements of a defined readership (See

... attachment). Thus, the findings of & particular research project may. - o

o be published in a technical bulletin written primarily. for scientists or

- specialists; be the basis for a mnontechnical article for the general
public in one of the Department’s periodicals, and presented. in a.

... farmers’ bulletin wyitten specifically to inform farmers and ranchers.
_how they may put the findings into practical use on the farm.. (Other

outlets such as Exténsion, mass media, and the National Agricul- -

. tural Library are discussed below).

A citizen can, obtain free a single copy of most USDA i)liblic.aiti'bﬁs_

© o as long as the supply last. = However, priority is given to libraries,

- universities, cooperators, and the communications media which can

.. further disseminate the information. Most major USDA publications
. also are sold by the Superinténdéent of Documents. o

The Department’s publications for. the most part originate in-the
several agencies of the Department, such as the Agricultural Research.
Service, the Eeonomic Research Service, or the Forest Service. = Here
the. manuscripts. are planned and prepared, and the publications.
fingnced. Several other functions are centralized in staff offices of
. the Department, principally the Office of Information, so that USDA. .
. has. & coordinated publications program rather than an. aggregate .of =~

separate agency publications programs. .- - T - L
The Oflice of Information.provides policy review and control of all’
" manuseripts . and coordinates interagency - and inter-Department
aspects. It provides illustrations and. design service in.the prepara-.
tion, of manuscripts for publication, and handles arrangements for

" printing. .

Many. USDA bulle'tiris--réporting i'esearc_h Afindings derive from

projects conducted cooperatively by the Department and the State -

. Agricultural Experiment Stations. The results of such cooperative

o - research projects may be:-published by either the States of USDA.

-*While Department bulletins are used in publishing more complete
- findings of research, extensive reporting of research results is done also

. through professional journals. Upward of 3,500 articles by Depart-

' ~ment researchers appear in scientific: journals each: year.. -Separates,

)
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.or prints, of these articles are commonly used in hmlted quo,n{uty by
the Department in eommunlcetmg this mformatmn beyond the/
readers of the journals. :
-Department scientific and technlcal pubhoetlons whlch onglnate in
the field -and are primarily for use in the geocrrephmel area of orlgm .
_ are published in-thefield.- -
In addition to the formel pubheatlon program of USDA 8 grea,t-'
- deal of information on science and technology is disseminated to the
‘public through personal contacts—letters, telephone calls, visits, and
speeches. Concurrent programs' of research in the several- Sta,te
agricultural experiment statlons, many of which are cooperative with
. USDA, are y1e1d1ng an impressive body of scientific -informatiori.”

This involved in fiscal year 1965 over 8,000 articles in scientific. -

journals, over 1,100 technical reports in station bulleting and. periodi-

cals, and some 2,500 popular bulletins and circulars. New informa- |
‘tion' thus released by the experiment includés the results of reeea,roh_ L

supported. by Federal grants and contracts and by State funds:
Is an 1mport&nt part of the new teohnology in agrloulture

e 3.0 MASS COMMUNICATIONS MEDIA o

_'Press mformatwn R :
USDA prowdes research mforma,tmn to newspapers, magezmes,'
and wire services through two principal channels: (1) Press releases,

and (2) replies to dlreot 1nqu1r1es end conferences brleﬁngs, 1nterwews, S '

and tours. B
*Press releases 1ssued ‘on research projects 1nolude &nnounoements of s
all USDA grants; tesearch contracts, and’ cooperative research’
agreements. Later, when research has been  completed, agency -
information personnel carefully screen profeésional journal papers and -
write releases on_ those USDA-funded findings considered to- have

news value for the agricultural, trade, scientific, or general press.
- Several hundred such releases on agricultural and forestry research
are written each year by USDA agencies and cleared and issued by
the Office of Informatlon Additional releases on research are 1ssued
by State universities. and land-grant colleges, .

- Research information is also made available - to the press in response
to direct inquiries by reporters, writers, and photographers “In many
instances, the inquiries are made to’ USDA personnel in Washington;
D.C.; many others are made diréctly to researchers at field installa-
tions ‘or during their attendance at professional meetings. - Frequently, j
press inquiries result in interviews with researchers and visits to
researeh facilities. Less frequently, research information is dissemi-
" nated to the press during press ooni'erenees specml bneﬁngs, end 1n_
- public ‘addresses by Depa,rtment oﬁicmls : §

-,Othermedw ST i
' USDA also. uses -television programs - and- films, radio- tapes and -

programs, motion pictures and shdes, photogrephs and picture.

stories, and posters and exhibits to disseminate research mformetlon-
. among agricul turalists and the general public.

In. cooperation with WRC-TV . and NBC, the Department of“':i 'j-_*;:'
Agrloulbureh Iiroduces two color  programs each week: “Across the - -
a.

f-hour show viewed in 15 major cities, and “Down.to"

Earth . which is. shown in 5-minute daily segments in i number of




metropohtan areas. A" large part of these shows consists -of inter-
- views with scientists and. econom:lsts, who communicate theresults
- of their research: to. the public. - A number of additional television
- film features are produced annually by the research agencies and are -
_then' cleared by the Office of Information and distributed as public .
. gervme announcements to nearly. 400 telewsmn statlons in the Umt.ed K

tates B
" Selentific and. techmca,l 1nf0rmat.1on a.lso forms a large pa,rt. of De—~
partment radio. programs. Kach: week, USDA - produces ‘‘The

- American: Farmer,” a 25-minute show carried by 60 radio stations;.
. “Agriculture USA,” a 15-minute show used by 221 stations; “What. .

Consumers Want to Know,” 2 30-minute show carried by 119 sta.tlons,
- and Agri-Tape, a series of features slanted to farm audiences whieh:
_is mailed to from 500 to 550 stations. . One Department research:
agency alone—the Agricultural Research Service - ast year produced.
184 radio tapes on sclentlﬁc subJects for mclusmn in these Depart—.
_ment programs. - :
The- Department: also- disseminates research mformatmn ‘through
motion pictures and slide sets or film strips accompanied by narra-

tives. Audiences for these productions— schools, technical groups, -

service clubs, agricultural groups—are planned well in advance and
distribution is made accordingly. USDA films-are available from the
. Department in Washington. and from the ﬁlm libraries of State
. universities and land-grant colleges, : o
Photograpbs dealing with scientific sub]ects are ma,de avaﬂable to ,
~media by the Department on request. In addition, research agencies
. prepare a number.of picture stories on technical subjects. These are.
-cleared by the Office of Information and distributed to picture editors
of daily Dewspapers, Sunday magazme sectlons photomagazmee, a.nd
syndicates.- -
.- Finally, a’ number of Depa,rtment BXhlbltS are built each year
dea.lmg with research subjects, and they are displayed at both profes-

s sional meetings and at such public gatherings as State and. county-

fairs.  Posters, which are commonly used to disseminate research-
- information of interest to farmers on plant pest control and animal
© disenses, are usuaﬂy d}.stnbuted by the ﬁeld st.a,ffs Df the- regula,tory-

. agenexes A L
4. THE' COOPERATIVE EXTENSION SERVICD

The -Cooperative ‘Extension Serv1ce was estabhshed by act of
Congress in 1914. From the outset it has been-a, joint cooperative -
relationship between the Federal Extension Service in USDA and the
- State extension service, a division .of the.college of agriculture in esch
State land-grant university.  Its work. consists of giving instruction
and: practical demonstrations in agricultural and home economics and
subjects relating thereto—and imparting information on said subject -
_ through demonstrations, publications, and:otherwise; and for the
j,necessary printing-and distribution of [such] 1nf0rmet10n
~ . The Cooperative Extension .Service is. devoting 8,580 man-years
: a,nnually to the adaptation and application of science and technology

' to the farm business, involving planning production, management, and

. marketlng ‘This  includes plant and:-animal: breeding, nutrltlon,

‘disease: and ‘pest control, ‘management, agricultural economics, and -

engmeermg A portlon of the time: is devoted to assisting home- -
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owners end off- farm ehentele with a,oru-ultural problems This
includes use of insecticides, herbicides, and. other pesticides iniand
around the home, work with gardeners, greenkeepers (golf courses),
caretakers of cemetenes, athletic fields, highway officials on vegetative

~ cover for roadsides, and-horticultural work for nonbusiness purposes.

These educational endeavors are all based on research findings.. . ..
Much -of Extension’s educational program’ is conducted through’ :
demonstrations;.. meetings, seminars;  and workshops. for clientéle.. -

Extension conducted 419,777 field trials and demonstrations to en- -~

- courage application of research findings. " It has held many indepth -

schools™ for- special “interest groups. For example: Regional schools =
- ‘are being held to train the aerial pestlclde applicators that spray 66 =
~ million acres and account for 23 percent of ‘all pesticides used in this
‘eountry. Special attention is being directed to methods of controlling’
© drift and obtammg precise application. Each year much of the -
Extension worker’s" fime ‘is used to assist. individuals with their .
specific problems. Last year 20,780,903 such_ consultations -held,
}lnogt of which requ1red t.he mterpretation and adaptatmn of research
~findings. .
‘ Articles-aie in-a consta,nt flow to facrm magazmes trade ]ournals '_ =
radio, -television, and the press. Last year 773,260 news. releases
were made for newspapers and magazines, 62,201 190 copies of pubs. . i
lications were distributed, 812,077 radio broadeasts and 50,687 TV~ ...+
‘broadcasts were made to assist the pubhc mth agrlcultural and home
: economlcs problems : : : :

LB NATIONAL AGRICULTURAL LIBRARY

o The Natlonal Agrlcultural lera.ry was est.a.bhshed in 1862 as the
. llbrary of the Department of Agriculture. Although it did not re- =
.ceive its “National” name until 1962, it has provided nationwide
~ services since its inception. It serves not only the U.S. Department-
" of Agnculture, but also the la.rger pubhe to whlch the Secretary is re-
sponsive and responsible. . L
Our eollectmns——apprommately 1, 263 000 volumes-const1tute the'- R
largest agricultural hbrary in this country Access to this informa-
tion is provided, to all who are seriously interested in any facet of
agriculture, in a ‘number of ways. These include: e :
(1) Lending publications.
(2) Answering questions (reference serv1ces)
- (8) ‘Providing photoreproduction: » ~*-
(4): Issuing specialized blbllograp]:ues and lists. - _
Access i8-also- provided through several publications. The moni;hlfr o
. publication: “The National Agricultural Library Catalog” lists all
titles-added 4o the:library - co %leetmn during the. prevmus month,
Among these titles are most of the substantive publications of the . =+
Department. and many of the State agricultural experiment stations
and commercial agriculture and related institutions. ‘Included also
are: publications constituting the’ final report of research performed "
“under grant or contract, whlch is Supported by Us. Department of
" Agriculture funds, - RS
_ A ‘more comprehenswe mdex to information currenbly added to the AT
. library’s collection -is "our monthly “Bibliography of Agriculture,” = =
- which. cites annually more than 100,000 substantive books ]ournal_
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artlcles, and reports. This b1bhography is Wldely avallable through

- the 889 depository libraries in the United States, and by purchase from =
- the Superintendent .of Documents. '

o network involving the Nsational Agricultural Li

A specialized current-awareness publication is our b1week1y “Pestl—

- cldes ‘Documentation - Bulletin,”” = This - includes 33,000 citations . -
L .annuall’y, with avaﬂablhty 51m11ar to the “Blbllography of Agrlcul-
. ture”

.. Allother substantwe pubhca.tmns of the Department are also made )
_ available through these repository libraries; - -
‘The National Agricultural Library, the' N atlonal lerary of Medl-
cine,-and ‘the Library of Congress constitute an informal, but recog-
mzed national library: system. . An informal a icultural library
%rrar and. the li-
braries of the Iand-grant institutions and other local 11brar1es has been
operating for many years. ' The services of this network are bemg
strengthened through more formal arrangements.
‘The Department supported.the legislation estabhshmg, and co-
""operates with, the Federal Clearinghouse for Scientific and Technical

-~ Information, Department of Commerce. However, in recognition of
. the vast and ‘efficient information .services of - the Departments of

- Agriculture. and Health, Education, and. ‘Welfare, both of these
.. Departments were spec1ﬁcally excluded from total and: mandatory
o .part1c1pat1on : :
' R ASSIGNMENT OF RESPONSIBILITIES

Table 7 shows the act1v1t1es Whlch are ursued by various mstltu-
.tlons in the transfer process. . The. X’s indicate a responsibility which
~ is.going on at present or is.an obvious assignment. - The questiohable
areas may be clarified in time by the results of ongoing. experimental
' programs, by the subcommittee mvestlgatlon and by policy plannmg

TABLE 7 —Act'wmes and msmut@ons m iecknology tmnsfer

: o Ongl— R.&D. Informa- Co Prlvate Com~ : Social . '
< Activity nating |- agency tion Transber | transfer | mercial | ingti
- labora- | sponscr, | agency |.agency insti- . | business { -tutjons .
tory T ’ .| tutions | - . . :
Identlﬁcatlon and reporting p. X [P RN SR I U] R
Screening and. organization...._ x| X X kS S I SRR .
Storage, inventory, an: T ’ : IR .
retneval__...----_.'_ _____________________ ? . X P S P S PO
-, Publication and dmsemmatlon_ ot ? X X . X K SV R —— o
Perscnal counselmg ang - . SRR : L
odueation......_______________ JERRRNVON EVORF [N [ X X [R—— X
. Application sssistance. ... . .._ B S N R ? X .- X o
Innovation and demonstration ______ RS ST W DRI [— . P b P R
: Salos of goods , Services, and. ’ ’ . . : v :
C o processes. il iiolfLoo SRR USRI FRPESSRS) FUE S SR D S (R
: Dlﬁusnm and soeial henefits. o[- o.ooafeimano o — T X X X

The orlgmatmg laboratory must take on the functmn of 1dent1ﬁca-
tion and reporting although the individual researcher may be aided by
specially trained “‘new technology™ officers (see NASA system p. 122).

n the case of Federal laboratories, the agency can provide this func-
tion,  In industry the patent department may do the job along Wlth
- their usual task of idenfifying inventions.

The screening of technology for application potential, and editing

_and orgamzmg desorlptwns 1nt0 con01se umform termmology may be .
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Shared by the orlgmatmg laboratory, the agency, or a speclahzed in- _ o

formation center. - Even the transfer agent can perform this function

if it hasn’t been done before the information gets to him. ~‘The prepa- .~

- ration of survey reports or summaries of related technology is a part . -
-of this activity. It is important that the language of technology =

- transfer documents be’ comprehensﬂ)le to business management 1n ST

a.ddltlon to practicing scientists and engineers.

“The estag)
the duty of information. and transfer agencies.. If the sponsoring
- ‘Federal department. is large enough, it will probably have such'an
operation as part of its own R. & D. management process to-use the -
research resulfsfor mission support. ‘The capability can be expanded

lishment of ‘a storage and retrieval center is prlma,rlly:" '

to serve technology transfer with little additional effort. - If the tech- -

nology is available from several small governmental programs, a pri-

" vate sector information handling system may acquire and store it for - '

~ transfer purposes. However; up to this point in the overail process,

" the responsibility for.the technology_ seems to he Wlth the sponsonng

agency and its R. & D.performers.

"Publication and. dissemination may oceur in a va,nety of forms— LR

- 'techmcal papers, progress reports, and patents from the sponsoring '
* - and performing organizations. After the technology has been: “pack:

aged for transfer, dissemination is deperident on both Federal and .

private efforts. Transfer agents who are seeking to tie solutions to-

problems will be the main mechanism regardless’of their actual em- '

ployer. Industry itself may contribute to dissemination through
licenising programis and the exploitation of technical positions,

‘Personal counseling, referrals, consulting, and the education of tech- =~

nically lagging industrial- firms also will be accomplished largely by
transter-agents. ~ They may be supported by local initiative in regional

_development, programs, by forward Jooking companies who hite = |
“technology ‘“‘prospectors” to ferret out new facts and knowledge to
satisfy their needs; by university extension services with matching =

Federal and State funds or by research institutes. In the case of

- -special fields (e.g., medicine) particular soeml service nstitutions S

may become the counseling organization.. -

Application agsistance may require direct contact between . the

origmator and the innovator. That is why technology must carry
with it a clear record of where and by whom it has been developed o

R. & D. management should devise a way for researchers to consult -

~ with application. technologists with some equitable compensation.
* Federal employees can be encouraged to do so on a basis of non-

- interference with their primary tasks. Contractor employees may : . :
be put-in a position: of consulting with a competitor who wishes"to '
exploit the technology originated under Government sponsorship. ~'A

minute misinterpretation or error in impersonal communication may ;
render the technology useless without recourse to the research sclentist
who began the development Observers have stated that Russia
inserts unlabeled msterial into a centralized technical information
system (presumable to disguise its origin in space-military-nuclear
- weapons programs). But this technology reportedly is scorned by

applications engmeers because of ‘the 1nab111t.y to check back Wlth the o

inventor.

At the application, mnovatlon, and demonstratlon phase, the trans1~ N
tion from Federal to private responsibility beeomes blurred and thls_‘ o
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. is where policy guidance.; is moéf needed. Should Ithe'Government;_” .
. take technology a little further toward proof of concept than would .

.. be warranted for the sake of the principal mission?. It might be much
. more econoroical and timesaving to do this at the end of an agency -
. program than to turn the half-developed work over to industry which
~ would have to organize and equip a development team to complete
_ - the job. -Should industry be able to step into Federal or contractor
- operations to carry on technology which cannot be justified for
Government support? Should technology of broad applicability to
.recognized. industrial needs be sponsored by the Government if the

- . particular user industry is too fragmented to organize for support?:
- “The Department of Agriculture, through its regional utilization labora-

tories, continuously develops new products and processes for farm
produce. These manufacturing methods are licensed to private

. industry. The Bureau of Mines develops extractive metallurgy and

. other processes related to fossil fuels and minerals with the expectation .
- that private firms will ultimately use the technology. Do thsee

5 _.instances constitute precedents for Federal underwriting of further

" development of military/space information for civilian use? These
-+ questions have been answered in various ways in certain instances,
" but never in the form of policy guidance. _ S -
* Sales and profits are clearly the function of the private commercial-
- - sector. On the other hand, the diffusion of successful innovations
- can be accelerated by the activities of several institutions, each with -

. . their own logic and motive. -

" Therefore, the principal policy questions of jurisdiction and respon-
- sibility are: B . |

1. Where should individual Federal agency .te'chnology transfer

_activities be merged into a single governmentwide industry con-
tact function; ' o L
2. Where should Federal support of the transfer process stop
and private determination bégin as to whether to use or not to use
" “the technology. ' o S '
. Tt seems unnecessary and confusing to have each R. & D. agency
. proflering its technology to business. However, some would argue
" that to interpose a central Federal transfer agency between originator
“and user simply cuts the efficiency down further. _
The support, by the Government, of develppment for industrial use
" necessarily involves a choice among many candidate ideas. When
" these choices are made within a bureaucracy without the risk-profit
. ‘motive of the marketplace, they are likely to be less than optimum.
Throughout the entire process, policy must allow for proprietorship
and due reward for extra investment beyond the original Federal
- -contract requirement. - At the same time the social benefits from
‘-publicly funded R. & D. results must be stimulated. :







: _x.ﬁ"AiirAI';Esrs OF AGENCY OPINIONS ON TECHNOLOGY--

TRANSFER

The subcomnnttee has su:rveyed the magor Federal agencws wlnch '

- support R. & D. The followmg guestions were asked:

1. Under what statutory: or, other authority. does. your depa.rtment operate for.

. the--identification,. . collection,: organization, dlssemma.tlon, and appleation .of.
. technology aeqmred in support of your mission?.

2.. What is your judgment with respect to the apphca.bﬂlty and value of such.-
technology to: (a) your agency, (2] other Federal agencles, and (c) the private’
industrial sector?

3. When this technology is developed in the course of federally funded resea.rch
and development projects (intramural or via-grants or eontracts), what policies

 and procedures do you follow: with respect to: () Identification and reporting;

- {b) organization and evaluation; (¢) publication and dlssemmatlon and (d) the

‘aetive pursuit of new applications?

-4, Discuss your views of the need, desirability, and practicality of establishing a
umform, Government—w1de policy governing the use of such technology.

5. What is your view of establishing, in a combmed, centralized organization,
the handling of all phases of such technology?
t 6. SfWha.t are your views on the followmg suggested concepts for technology
ransfer: -
(a) A leglsla.hvely ehartered Comsat—type oocrpora.tmn to- use pnvatc
ﬁnancmg for the exploitation of federally owned technology.

(b) -Individual State programs, partially funded by the Federal Govern-

e ment, which would perform the dissemination and application -activity.

Such State efforts would be coupled to one unified Federal collection and -
" progessing orgamzatmn which would reeelve new technology from all Federal
i dgencies.
"The replies have been. analyzed and summa,nzed for each question.
Dr. Donald F. Hornig, Director of the Office of Science and Technology .
in the Executive Office of the President, stressed the need for ideas and.

.. - experiments in encouraging wide a.pphca.tmn of science to growmg
... public and private needs.. He told. the subcommittee: . .

What evidence we have suggests that the process of teehnologwa.l chaugc is qulte
healthy-—we do not face a crisis on this soore. . In fact our competitive advantage

_in products incorporating. advanced technology and our commanding position

with regard to World patent rxghts has led many Eurdpean eountries to protest
about & growing “technology gap.” I believe that further study will disclose that

"~ our favoraple international position has been established as a result of two key

factors. . 'We have outstanding industrial and academic research capab1l1t.y which ™

-produees new information and trains new technical manpower. Second, we have

ageressive industrial leadership in most seetors which is prepared to fa.ce up to the
arduous, risky task of innovation. One might Bay that we have a strong research

‘ ,“push” and an equally strong entrepreneurial or market “pull.””.

* * % ® * kAR
Fma.]ly, T would. suggest that the 1n.forma.’oon t.ransfer ta.sk is only one part and -

L perhaps a minor part of a larger issue of fechnological progress . The information
- task is one of more cléarly identifying user needs and finding more effieient. long

-TUDn soll_J.tmns rather than a forced draﬁ; search for & workable short term arra.nge—

© 7 ment.

A FEDERAL RESEARCH ON PHE TRANSFER PROCEss

Some critics of the current technology transfer programs suggest_

o ) that more study of the process is in order before a,ctmn 1s taken The

S
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subcommlttee 1nqu1red of the N ational Seience Foundetlon 85 to What" ' .-;:.
‘research it had supported in this field. A substantial amount of -

‘empirical economic data has been correlated with technological fac- °
tors. The NASA and DOC programs are experimental themselvesj o

and will be subject to‘interpretive study as they progress. .
The agencies appear to have adequate authority to stidy the trans-
fer process although funding may be less available than some vmuld
desire. - Dr. Leland Haworth, Director of NSF, wrote: ,

We are pleased to supply the mformatlon requested in your letter of J anuary 23 C

1967, dealing with NSF funding of studies into the relationship. of R. & D. to

ceonomie growth and the proecesses and techniques of technology transfer.  These:

are not clearly defined areas and many NSF—supported studiés: and resea,reh‘
may touch upon them.

For the fiscal years, 1963-67, the Foundatmn sommitted $890,000 for the typeS' -

of studies referred to in your inguiry. The attached exhibit 1 lists these projects

with names of the principal investigators, thelr organizations, and the amount and
year of initial funding. I have not included projects concerned with R. & D.
expenditures and seientific manpower although such studles may sometlmes pro—
vide data cited in studies of technology transfer. e :

EXHIBIT 1—81UDY. TITLES CoNCERNED WITH R & D AND- ECONOMIC GROWTH .
AND THE TEcHNIQUES oF TECHNOLOGY TRANSFER, Fiscal YEaR 1963- FISCAL' o
“Ymar 1967, FUNDED BY THE NATIONAL SCIENCE FOUNDATION

CodeAs stndy of .the 1mpaet of researeh devdopment and 1nnova,tlon upon the-
economie development and general welfare of the United States.

- Principal investigator:- Profs. Edwin Mansfield- and Norton Seeber, Oarnegle‘ L

Instltute of Technology.  Funding total, $24,520, fiscal year 1963.
+ " 2,-Eeonometrie Studies of Rescarch and Development

Principal investigator: Prof. Edwin Mansfield, Oa.rnegle instltute of Tech~ S :

nology ‘Funding total, $113,600, fiscal year 1963

-3.-An ‘Empirical Study of Teehnologmal Change.

Prineipal investigator: Prof. A. H Conrad, Harvard Unlversﬂsy Fundmgv
total, $12,200, fiscal year 1963.

4.A study of the capaeity of industrial firms to absorb and apply the results of_ e

sclentrﬁe activity. - (Final report being prepared:)

Principal 1nve£tlgator Dr. Sumner Myers, National Planning Assoeia.tlon' o

Funding total, $243,000, fiscal year 1963,

5. A-study of the process of technical innovation in American 1ndustry ‘ ce
Principal investigator: Dr. Donald. Schon, Arthur 1. L1ttle, ‘Ine. Fundmg
total, $22,000, fiscal year 1963. . . R

6. Eeonormc Theory. of Teehnologlea,l Change !
Principal investigator: Prof. R. E. Lucas, Carnegm Instltute of Teehnologv
Funding total, $17,400, fiscal year 1964. L
7. Astudy of the role of changing regional patterns of research and development .
a,ndd s)eienee-based technology in influencing reglonal development (exploratory
study L
“Principal investigator: Prof, Charles Stewa.rt George Washmgton UnlverSlty i
Funding total, $48,764, fiscal year 1964, :
8. The role of research and developiment and research based” manufactire m
- the economy of Utah, Santa Clara County, Calif., and Winhston-Salem, N.C. i
Prineipal mvestlga.tor Prof. Charles Stewart, George Washlngton Umveraityr
) Fundmg total, $55,322, fiscal ézea.r 1965.
.9, Technical Cha,nge and Capital Output- Relations

Principal investigator: Prof. M. Gort, : Research Founclatlon of the Sta.te Unl—_j SR

versrty of New York. . Funding total, $24 400, fiscal year: 1965.
10, An Empirical Study of Teehnologleal Change

Principal investigator: Prof. Murray Brown, George Washmgton Umversrty- ot

- Funding total, $26,400, fiseal year 1965.
<11, eonometne Investigations of Technological Change ) .
~Principal investigator: Prof, Zv1 Gr;hehes, Unwersxty of Chleago Funding
totaly- $72,300, fiscal year-1965. :
12 Investment Theory and Technical Progress.

Principal investigator: Prof. R. E1sner, Northwestern Unrvermty Fundmg R

. .total,” $120,000, fiscal year 1965.




-13. The. Theory of Induced Techmcal Change :

Principal investigator: Profs., M. I. Kamien and N. L Schwartz, Carnegie
Institute of Technology. . Funding total, $42,400, fiscal year 1966,

14. Feasibility studies of development methodology for prOJeOtmg the eoonomlc

- " and social implications of a potential scientifie innovation.

Principal .investigator: James Hacke, Stanford Research - Instltute andmg

'_-._'tota,l $68,131, fiscal year 1967

B ST-&‘I‘UTORY AUTHORITY FOR PROCESSING Nzw TECHNOLOGY _' '

QUESTION 1

All agencles cons1der the ha,ndhng and processmg Of scientific a.nd
techmcal 1nformat10n as a part of authorlty to perform R. & D. in
support of their mission.  All agencies encourage the routine publi-
cation of scientific papers. NASA has interpreted the Space Act to
allow the technology utilization program to the extent that it is. sup-
ported by annual budget authorization and appropriation. The De-
partment of Commerce has broad authority to aid business and specific’
responsibility for the State Technical Services Act program to transfer
technology. The AEC has interpreted its enabling act to include dis-
_ semination of nuclear and nonnuclear technology. Other agencies
have not identified an obligation to foster additional apphcatlons out-
- side their routine operations, for example, ‘the Depa,rtment of Agrl-
_culture Extension Service. = - ,
Statutory,. references. pr0v1ded by the agencles are. reproduced as

- . -fOllows

1 NA.'I‘IONAL AERONAUTICS AND SPACE ADMINISTRATION

The ‘National Aeronautlcs and Space Act of 1958 as. amended- _
- establishes the policy that the aeronautical and space activities of the
- United States shall be conducted so as to contribute materially to * * *
" the expansion of human knowledge of phenomena in the atmosphere
and space * * * the establishment of long-range studies for the

= potential benefits to. be gamed from * * *: the -utilization of- aero-

naublcal and space activities for pe&ceful and scientific purposes
* and * * * the most effective utilization of the scientific and .
' englneerlng resources .of the United States with close cooperation
among all interested agencies of the United States in order to avoid
unnecessary duplication of effort, facilities and- equipment (72 Stat.

427). The act eﬁ;o provides that the National Aeronautics and Space
Administration—to carry out the purposes of ‘this act, shall * * *
arrange for participation by the scientific communlty in planmng
scientific: measurements and observations * * * and * * * provide
. for the Wldest practical and eﬁpropriate dissemination of information

’ Ooncernmg 1ts act1v1t1es and the results thereof (72 Stat 429)

2 DEPARTMENT OF COMMERCE -

The Depa.rtment was demgneted as-such by the act Of Mereh 4

| 1913 (37 Stat. 736; 5 U.S:C. 591 (1964 ed.)). - It operates under a

VGI“iy broad mandate to, foster, promote, and “develop the - foreign
domestic commerce; and the manufacturing, transportation, and
shipping industries of the. United States (6 U.S.C. 596 (1964 ed. ).

. In responding to this mandate, the Department is.deeply concerned '
w1th the acqulsltlon, transfer, . and exploxtatlon of technology
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The National Burea,u of - Standards; for example, is: responmble i

.for maintaining a complete and consistent national system of physical
meansurement and constants. The Bureau also develops standsrd

. methods for testing materials, mechanisms, and structures (see 31 .

Stat. 1449, as amended ; 15 U.S.C. 271--86). The technology’ developed
within the Bureau_is ' disseminated through many -channels’ © Oné

such channel is in the form of calibration services leading to accura,te

and uniform physical measurements - throughout ‘the Nation’s scien-
tific community, industry, and commerce (see 15 U.S.C. 272(6)). -
- More generally, the NBS is responsible for the compilation and
_publication of genera] scientific and technical data, resultmg from. the
performance of its own functions and from other sources ‘““when such.
data are of importance to scientific and manuf&cturmg interests or
* to the general public, and are not available elsewhere” (see 15 U.S.C.
272¢(19)). The Department’s Clearinghouse  for Federal Scientific
and Technical Information is located within the NBS. It has respon-
sibility for collecting, organizing, and publicizing unclassified Govern-
meént-generated technical reports to Amencan -commerce, mdustry,i
and business. This respon51b1]1ty is set forth in 156 U.S.C. 1151 and_
1152 as follows: , ~

-8rc. 1151. The purpose of this ehapter is to ma.ke the results of teehnologlca]
research and developrernt more readily available to industry and business, andt0 = -
“the general public, by clarifying and defining the functions and resp on51b111tles of -

the Department of Commeree as'a central clearinghouse for technical 1nforma,t10n‘
which is useful to American industry and business. P
Sze. 1152. The Secretary of Commerce (hereinafter referred to as the ”Secre—
tary’’) is directed to establish and maintain within the Department of Commerce
a’clearinghouse for the collection and dissemination of scientifie, technieal, and

engineering information, and to ‘ohls end to take such steps as he may deem T

necessary ‘and desirable—

(a) To search for, collect, clasmfy, coordinate, iritegrate, record, and ca.talog'f'_‘-_ S
-such information from whatever sources, forelgn and domestw, tha.t may’ be RS

available;
" {b) "To make such information avallable to mdustry and " busmess, to ]
- ‘State and local gavernments, to other agencies of the Federal Government,-

:'and to.the general ‘public, through the preparation of abstracts, digests;: r

translations, bibliographies, indexes, and microfitm and other reproductions, .
for distribution either directly or by utllmatmn of business, trade, technjeal,. -
-and scientifiec publications and services; :
{¢) To effect, within ‘the limits of his’ authorlty as now or hereafter defined

" by law, and with the ‘consent of competent authority, the removal of restric-
_tions on:the. dissemination of s¢ientific. and technical date in cases where-
. consideration of national security permit the release of such data for the bene- 4
"4l of ind ‘ustry and Lusiness.

The Environmental Science Services Admlnlstr&tlon (ESSA) is an- ,
other source of scientific and technical data of interest to many indus-.
tries. It was established on July 13, 1965, through consolidation of
the Coast and Geodetic Survey and the Weather Bureau (Reorganiza-. -
tion Plan No. 2 of 1965). ESSA makes available technical data on -

- the state of the oceans, the state of the upper and lower a.tmosphere B

and the size and shape of the earth. _
The Patent Office, in addition to admlmstermg the laws relatmg to.

the registration of patents and trademarks, publishes and disserni-
nates patented matter, and records the assignment of patents. ‘Its . .-

seientific library and search file of U.S. and foreign patents constitute: -
a valuable source of technological data (seé 66 Stat. 792; 35 T.8.C...

1-293, and 60 Stat. 427; 156 U.8.C..1051; a8 amended for t.he statutes_ e

rela,tlng to- pa,tente a,nd tra,dema.rke, respectwely)




L Under tltle III of the Pubhc ‘Works and Economic Development
Act of 1965 (79 Stat. 552; 42 U.S.C. 312) , the Economic Develop-
- ment' Administration: prov1des technical assistance to help distressed
.- areas,” Such assistance may involve direct contact through the EDA.
- gtaff, or contract with expert consultants. It may also bein the-form .
oo of) teohmca,l assistance in plannhing grants-1n~a.1d to ehglble Stetes,
e dlstncts, and loeal organizations: ;
The State Technical Services Act of 1965 (79 Stat 679 15 U S C.
' 1351) is- perhaps the most recent addition to the Depertment’s status=:
- tory authority in- the area of technology transfer. Under this act,:
the Secretary is- authorized to supportggtate designed and adminis-
tered technical services programs. to place the results of science and-
- technology usefully in the hands of American enterprise. A.lthough
the act-includes the dissemination of Government—genereted science.
and" technology, it is ‘not limited to it: It provides for the States -
* themselves, acting through their designated agencies arid participat-
ing mstltumons, to determine their own local technological needs and
interests. “This program, therefore, focuses on the receiving end of: .
. technology transfer, and completes the ‘cycle from technology’ pro-.-
. ducer “to technology consumer. The act “is admlmstered %
L 'Depertment’s Ofﬁee of State Techmca,l Serwces

3 ATOMIC ENERGY COMMISSION SR

o Certam pera.gra.phs contained in the Atomic Energy Act of 1954- :

o prov1de the general bas1s for the mformatmn actwltles of the Oommls-,,
sion;. -
- Sectmn 1 “Declara,tlon,” for 1nstance, outhnes the general pohcy as.
_rfollows. 3 _

-« . Atomie energy is capable of a.pphca,txon for peacef ul as Well as m111ta.ry purposes
"~ It is therefore-declared to be the policy of the United States that-- -
-(a} -the development, use, and eontrol of atomic energy shall be directed so as .
) to make the maximum eontribution to the general welfare, subject at all times to .
-~ the parambunt objective of making the maxunum contnbutmn to the common )
" defenge and security; and L
" .(b) the development, use, and control of atomm energy shall be dlrected 80 as

: Jiving,” and strengthen free competltlon in private enterprise. ]
“Under sectlon 3, “Purpose,” we find the followmg etatement

. Ii‘;c is the purpose of thxe Act to eﬁ'ectuate the pohcxee set forth above by prov1d— :_
-ing For—" i
&) a program for the dlssemlnatmn of unclassified scientific and technical in- -
formation and for the control; dissemination, and.declassification of Restricted:.

- Data, sub]ec;; t0 appropriate sa.feguards, 50 48 to encourage selentlﬁc and mdustrlal .
Rt progrese : .

Thls pufpose is stated a little more fully in sectlon 141

_ Sec ‘141. Policy, It shall be the policy of the Commission’ to control the dls-

- semination and declassification of Restricted Data in such a manner as to assure.

.- the common defense and security. : Consistent with such pohey, the Commission
"gshall be guided by the following prmelples

energy should be permitted and encouraged so as to provide that free 1nterchemge
.. of ideas and criticism which is essential to scientific and industrial progress and
5 pubhe understandmg and to enlarge the fund of technical: mformatmn L

y. the-‘_ o

- to promote “world peace, improve the general welfare, increase the standard of -

“(b) - the. dissemination: of sdientifie and technical information relating to atomic . -




_ 106 'POLICY PLANNING'FOR TECI—INTOLOGY"'TEANSFER
Bw"eau of Mmes

The Bureau of Mines fulﬁlls its mission - under the authorlty of a
"Public Law 179 approved May 16, 1910, which established the Bureau
of Mines in the Department-of the Interior. An amendment to;this
act, Public Law 386, approved February 25 1913 sets forth th1s
;cha,rter which. reads in'part as follows: - -

‘Sgc. 2. That it shall be the province and duty of the Bureau of Mmes, sub]ect. S

to the approval of the Secretary of the Interior, to’conduet i inquiries and scientific
and technologie investigations concerning mining, and the preparation, treat-

ment, and utilization of mineral substances with  view to improving health con- . -

' d:tmns, and increasing safety, efficiency, economic development, and conserving
resources through the prevention of waste inl the mining, quarrying,’ métallirgical,
- and other mineral industries; to inquire into the.ecdonomic conditions affecting
these industries; to mvestlgate explosives and peat; and on behalf of the Govern-
ment to investigate the minersal fuels and unfinished mineral products bélonging
to; or for the use of, the United States, with a view to their most efficient mining,

preparation, treatment and use; and to disseminate information concerning these =~

subjects in such manner as will best carry out the purposes of this Act.

:BEc. 3. That the director of said bureau shall prepare and publish, subjeet to
the direction of the Secretary of the Intermr, under the approprm.tmns made from
tire to time by Congress, reports of inguiries and investigations, with appropriate’
recommendations of the Bureau concerning the nature, causes, and prevention of

aceldents, and the improvement of conditions; methods, and equipment; with:. -~

special reference to health, safety, and prevention of waste in the mining, quarry-

- ing, metallurgieal, and other mineral industries; the use of explosives and slec-
trieity safety methods and appliances, and rescue and first-aid work in said in-
dustries; the causes and prevention of mine. fires; and other sub;]ects mcluded_
under the provisions of this Act.

“Through subsequent legmlatwe acts the Congress has further aii- +

' thorlzed the Bureau of -Mines ‘to ass1st in providing, at the lowest
possible. cost, supplies of mineral raw materials adequate to the negds
of the civilian economy., Over the nearly 56 years of its existence, the

- Bureau has been given respons1b1l1ty for 8 vanety of act1v1t1es These
are as follows:

(@) Under authority of Public Law 68-544, approved Mareh 3, 1925, as amended: R

by Public Law 86-777, dated September 13 1960, the Bureau produces virtually -
all of the free world’s "eurrent supply of helium from natural gas. The Bureau
" also’is engaged with private enterprise in a-long-range helium .conservation pro-
+ gram to recover and store underground, for future use after 1985, about 40 billion-
cubic feet. of helium which otherwise would: be. lost in the na.tural gas bemg eon-:
sumed for industrial and residential purposes.

(b).:Federal inspections’ and investigations at coal mines. are couducted in: ac-'
. cordance with provisions of Public Law 89-376,. a.pproved March 26 1966, the
Federal Coal Mine Safety. Act, as amended.

{e) The responsibility for: mspectmn and mvestl ation of metal a.nd nonmetal :
mines is provided in Public Law- 83-577, a Xproved eptember 16, 1966, the Tred- -
eral Metal and Nonmetallic Mine Safety R

(d) Research irito the problems of solid wasté d1sposa1 to develop new and imi-

proved methods for utilizing solid mineral and metal waste materials or to dispose” '

of them in the most pra,ctlcable way is authorized under Pubhc Law 89—272 a,p-
proved October 20, 1965, thh amends the Clean Air Act. c

Office of Coal. Research : ' R
- The statutory authority under Wl]lch the Ofﬁce of Cloal Resea,rch'—'

operates is: Public Law 86—599 (74 otat 336) ; sectlon 1(b), section’ 2-'

" section 5, and sectwn B.

Fedeml Water Pollution Control Adm’mwtmtmn " L

Under section 5a of the Federal Water Pollution Oontrol Act as
amended, the Secretary is authorized to collect: and make dvailable
through pubhca.tlon and other appropriate means, the results of and :




; .Laxl-g"é Humbers of laws resulting in federally Support"ed i)rograms-
involving the “application!’.of technology have been enacted since
the Department. was established... Some examples. are: R

- <Federal Insecticide, Fungicide, and Roderiticide Act as amended in 1959, 1961, -
. and 1964, 7 U.8.C. 135, and others. : LT e S

National Forest Administration Act, 16 U.S.:C. 4"73.'—_,478,. 479;482, and 551 .
Soil Congervation and Domestic Allotment Act, 16 U.5.C. 590 aet for the

e control and erdadieation.of certain animal diseases, 21 U.8.C.114; .

| 6. DEPARTMENT OF THE INTERIOR

'."._'.Oﬁé.é,q';f,gd.ﬁﬁe Water

- The Office of Saline Water’s basic. ﬁu-thoritykifor opefﬁtibn is con-
tained in the act of July 3, 1952 (66 Stat. 328), as amended (42 U.S.C,

- .. 1951 et seq.).- Among other things, this act provides that the Secre-. .
. tary of the Interior shall: . - ..., S TR

Sec. 2. {(g) Assemlble and maintain pertinent and eurrent seientific litera-~

" -ture, both domestic and foreign, and. issue bibliographical data with respect

.- firms, Institutions, and organizations.

relating to saline water conversion; i ) S

. (j) coordinate, correlate, and publish information with a view to advancing

the development of low-cost saline water conversion projects; and )
{k) cooperate with other.Federal departments and -agencies, with State and .

loeal departments, agencies, and instrumentalities, and with interested persons,

(i) foster and participate in regional, fnat_i.onal,' and irifernational conferences

Sec. 4 (a) Research and development activities undértaken by the Secretary

: ' shall be coordinated or conducted jointly with the Department of Defense to
. the.end that developments under this Act which are primarily of a.eivil nature

- will. contribute to the defense of the Nation and that developments which are
- primarily of a military nature will, to the greatest practicable-extent compatible

with military and security requirements, be available to advance the purposes

of -this Act and to strengthen the civil economy. of the Nation. The fullest .- -
-cooperation by and with Atomic Energy Commission, the Department.of Health, -

Edueation, and Welfare, the Department of State, and other concerned agencies

.shall also be. carried out .in the interest of achieving the objectives of this Act.

~ (b) All research within the United States contracted fof, sponsored, cospon-
_sored, or authorized under authority of this Act, shall be provided-for-in such: -

~manner that all information, uses, products, processes, patents, and other develop-

ments resulting from such research development by Government expenditure will

L (with such exceptions and limitations, if any, as the Secretary may find to' be
... . necegsary in the interest of national defense) be available to the general public..
-~ 'This subsection shall not he so construed as to déprive the owner of any back- :.

ground-patent relating thereto of such rights as he may have thereunder * * #,
8Ec, 8. The Secretary shall make reports to the President and the Congress.

" at the beginning of each regular session. of the action taken or instituted by him

i “under the provisions:of this-Act-and of prospective action during the ensuing year.

o In addition, the Office of Saline Water was given the authority to
.7, construct demonstration plants under the joint:resolution of Sep-

" tember 2, 1958 (72 Stat. 1707), as amended (42 U.S.C. 1958 et seq.).
... In that joint resolution, the following requirement is included: C

" BEC. 2..% * ¥ Any such operation and maintenance contract shall br‘oﬁdé'

-for. the compilation by the contractor of complete records with respect to opera-

tion, maintenance, and engineering of the plant or plants specified in the contract.
The records so compiled shall be made available to the public by the Secretary

. ab periodic and - reasonable intervals with a view to demonstrating the most fea-

: gible existing processes for desalting sea water and treating brackish water. Access

by the public to the demonstration plants herein provided for shall be assured

during all phases of construction and operation subject to such reasonable reéstrie- -
_tions as'to time and place as the Secretary of the Interior may require or approve.
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. DEPARTMENT OF DEFENSE <

The Depa.rtment of Defenses authonty for the 1dent1ﬁea.t.10n
collection, organization; dissemination, and application of smentlﬁc-'
and technical information is derived solely from the provisions of
title 10, United States Code, defining the Department’s respons1b111tv
to perform necessary research and development in connectlon with
its mission. :Although there exist no specific provisions within. title -

10 dealing with the handling' of defense-generated scientific and- o

technological mformatzon it is-the.policy of the Department of
Defense to pursue a vigorous and . thoroughly coordinated .compte-.
hensive . technical information program, to the maximum extent:
permitted by:security, which provides for the interchange of technical-
information within the Department, with its contractors, with other. -

Federal agencies and their contractors, and with the sclentlﬁc com- =

mumty as a whole.. . S
" +The Department of Defense as a member of the executwe bra,neh v
_in addition to the programs initiated within the Department, is elso'_.
required to cooperate and sssist the Department of Commerce and’
the National Science Foundation with  their respective scleninﬁej

information activities. The Secretary of Commerce, for example, is: S
authorized under chapter 23, title 15, United States Code, to call '~ = -
upon the Department for assistance in maintaining a clearinghouse

for technical information and making such information readily availa-
ble to industry:-and the general public. . Similarly, Executive Order
10521, March 17, 11954, as amended by Executive Order 10807,

March 13, 1959, requires- that the head of each Federal agency engaged'

in scientific resea.rch shall make certain that effective organizational: ~~

-practices exist to insure that adequate dissemination .of technical
information is made within the Federal Government, and to cooperate

" with the ‘National Science Foundation in: improving methods of-

classification and reporting of such technical information and; finally,

- to assist the Foundation in its scientific information actlmtles under o

sectlon 1876 tltle 42 Unlted States Oode

5 DEPARTMENT OF AGRICULTURE

The Orgamc Act of ‘May 15 1862 RS Sectlon 520 (formerly" A

5 U.8.C. 511) specified ”There shall be . . . 'a Department of Agm-
culture, the general design and duties of which shall be to acquire
and dlﬁ'use among the people of the United States useful information
on subjects connected -with- agrlculture, in-. the most general and-’r
comprehensive sense. of the word ... (" -
~ The basic authority of the Department h&s been strengthened andi

‘enlarged by many statutes, a few of which are cited here. ‘Major

laws amplifying research and development and. extension aspects of KRS
the Organic Act resultmg in the “identification, collection, _organiza~-

‘tion and” dissemination’ of technological mformatlon are:

Hatch Aet 7.U. 8. C 361 (Formula grants to Sta.te Agricultural E:'zpenment5 -

Stations). -

- Research and - Ma,rketmg Act, 7 U.S. C 427 4271, and 1292 (Producinon and‘i e
utilization reseaich, including- a.uthonty for- resea.rch eontracts and coopera,tlve-_: o

- marketing resea.rch)

S Smith-Lever Act, as amended in 19:)3 7U. S C. 341 ‘349 and others (Agrmultura.] L
: Extenmon) Pubhe Law 89-108, 7 U. s.C. 4506 (Aut.hont.y for researeh gra.nts)

Lor
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. other  information. as to research, inventions. and demonstrations
" relating .to_the prevention -and control .of water pollution. Upen
.. request, the Secretary may also conduct research and investigations
... and may survey any special problems confronting State, interstate,
.. municipality, community. and industrial plants with a view of recom-
" mending & solution to such problems.. Under section 5e, the Secre-
_ tary, in cooperation with other Federal, State, and local agencies
- ‘having related responsibilities, is authorized to collect and disseminate
.~ basic data on chemical, physical, and biological water quality and other’
w7 information insofar as such- data: or other information relate to water
" pollution . and -the prevention and -control thereof. Furthermore
section 5d charges the Secretary with responsibility for developing
and.. demonstrating under varied .conditions practicable means of
.- treating municipal sewage and other waterborne wastes to remove the -
' maximum- possible  amounts_ of physical, chemical, and. biological
- pollutants in order to restore and maintain the maximum amount of
the Nation’s water at a quality suitable for repeated reuse and section
. 6 authorizes the Secretary to make grants to any State, municipality,
. of intermunicipal or interstate agency to achieve the above objectives.
.7 Seetion. 6b: of title Il of the Clean Water Restoration Act of 1866
. extends this granting. authority to persons for research and demon-
. stration projects for the prevention of pollution of waters by industry
- including, but not limited to, treatment of industrial waste. . . .

" 7. PEDBRAL AVIATION AGENCY “.

. Statutory obligation for engaging in technological pursuit is pri-
- marily contained in seetion 312 of title ITI, Public Law 85-726,
Federal Aviation Act of 1958. Obligation for the collection and dis-

_ semination of information is contained in section 302(d) and section
311, the former for exchange between the FAA and other Government
agencies and the latter for exchange between the FAA and domestic -
interests and. foreign governments. . . T S

_',_‘!:3'._"V‘TI:)IE::DEPARTMEKT.:’OVF HEALTH, BDUCATION, AND WELFARE .. .

" The authority of the several operating agencies of the Department -
.- of Health, Education, and Welfare for the identification, collection,
griga,nization, dissemination, and application of technology is discussed
o belows v o ek TE TR e e e
o Public Health Service ..~ - o o T
%0 The authority of the -Public Health Service in  this 'area is derived

" bagically from section 301 of the Public Health Service Act; as amended
(42 U.S.C. 241; Reorganization Plan No. 3 of 1966,.31 Fed. Reg..
- 8855), which authorizes the Secretary to conduct and support research
- relating to the diseases and impairments of man. - -The Secretary is
~authorized .to disseminate information as:to such research and its

. practical application.

~ . _suthorizing résearch; information gathering, and dissemination activi-
/- ties: - These -provisions include. section- 311 of the Public Health

" Service Act, as amended . (42 U.5.C. 243; Reorganization Plan No.
3-0f 1966), which authorizes the Secretary to. assist and cooperate
- with the States in' public health matters; section 315 of the Public.

" There are additional provisions in the Public Health Service Act =
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Health Service Act; as amended (42 U.S.C. 247; Reorganization Plan - -
No. 3 of 1966) which authorizes the Secretary to disseminate informa- -
tion related to public health; section 214(c) of ‘the Public Health -
" Service Act, sis amended (42 U.8.C. 215(c); Reorganization Plan No:

3 of 1966), which authorizes the Secretary to detail personnel of the
Service ‘to nonprofit institutions engaged in heelth activities for -
special studies of scientifie problems and for the dissemination of infor- L
mation relating to public health: section 217(c) of the Public Health -
‘Service Act, a5 amended (42 U.S.C. 218(c); Reorganization Plan No.
-3 of 1966), which authorizes the National Advisory Mental Health
Council to' colleet information on studies in thefield of mental health -
health and, with the approval of the Secretary, to make available such’
- information for the benefit of health 'and welfdare agencies, physicians =~ ©
and other' scientists,” and for the information of the- general -public;
section 305 of the Public Health Service Act, as amended (42 US.C.

242¢; Reorganization 'Plan No. 3 of 1966),” which" authorizes the
Secretary to make nstional health-studiesiand surveys, and to make
available the resilts of such studies and surveys to interested govern-
mental or other agencies; or to the public; section 372 of the Public
~ Health Service Act, as amended (the National Library: of Medicine |

* Act, 42 U.8.C. 276; Reorganization Plan No. 3 of 1966), which directs ~ =

the Secretary, through t%le National Library of Medicine, to make -

. available medical and scientific materials; and sections 390-399b of .
" the Public Health Service Act, as amended (the Medical Library = -
Assistance Act of 1965,-42 US.C. 280b=280b-11; Reorganization - -
Plan No. 3 of 1966), which authorizes the Secretary (1) to make grants - .
for the improvement of medical libraries, including the introduction
of new technologies in medical librarianship; (2) to make grants for
research and investigations in the field of medical library science and
for the development of new techniques and equipment for processing,
storing; retrieving, and distributing information on the health sciences;

~and (3) to provide support for biomedical scientific publications and

for the preparation and publication of matérials pertaining to scientific

works and -developments. The several Institutes of the National

Institutes of Health and their Advisory Councils also have specific

statutory authority to..collect .and disseminate. information -and

. materials (42 U.S.C, 281-280g). . ., ... i

. In addition to the provisions of the Public Health Service Act :

referred to above, two other statutes administered by the Public -

Health Service contain provisions on the collection and dissemination -

_ of information. Section 204 of the Solid Wasts Disposal Aet- (42" -

- U.S.C. 3253) authorizes the Secretary to conduct and support research -~ - 7
and studies relating to solid waste disposal, and to colléct and dis~ -~

" seminate information pertaining to such research and other activities, -
and requires that provisions be included in grants and contracts fo: - -
insure that all information, uses, processes, patents, and other devel- - —
opments resulting from activities undertaken pursuant to such gramts:

and contracts be made available to industries utilizing solid waste. - .
disposal methods and to industries which furnish equipment used in - -
connection with solid waste .disposal. Section 103 of the Clean-Air -’
Act, as amended (42 U.8.C. 1857b), directs the Secretary to establish

a nationial research and development program for-the prevention and:
control of. air pollution, and authorizes him: to-collect and disserninate

information on.the prevention and control of air pollution. =~~~ .© "
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'.; Oﬁice of Educcmon L

~The basic charter of .th.e 0ﬂice of Educatlon (20 U S. C 1) prov1des

O

' for the diffusion of information respecting the organization and man-.

. ~agement of schools and school systems and methods of teaching. In . -

addition, several of the statutes administered by the Office of Educa-

| tion- mclude provisions for the-dissemination. of information. The -
- Cooperative Research Act, as amended (20 U.S.C. 331(a)), authorizes
. the Commissioner of Education to support by’ grants, ‘contracts, or.

jointly financed arrangements research, surveys and demonstrations.

. i the field of education; and the dissemination of information derived
from - educational research. Title VII-B of the National Defense
Education Act, as amended (20 U.S. C. 551), directs the Commissioner

to dlssemlna,te information concerning new educational 'media to

7 State or local educational agencies and to institutions of higher.edyeca-
. tion.  Section 224 of the Higher Education Act (20 U:.S.C. :1034)

authorizes the Commissioner to disseminate information derived from

- research and demonstra,tlons rela,tmg to hbranes and the t.ra.mmg of_j

hbrary personnel, -
Several educatlonal assistance laws outside the research field also..
1. . Tequire or authorize recipients of Federal assistance to make available

~.%. %o others the results of research and demonstrations. These include

section 205(a)(9) of Public Law 874, 81st Congress, as amended by

) gection 111 of Public Law 89-750; section 503(a) (3, 5) of the Elemen-
- tary and Secondary Education Act. of 1965, as amended (20 U.S.C.
. 863(a)(3, 5)); and section 604(k) of the Elementa.ry and Secondary

w . Educatlon Act of 1965, as added by Public Law. 89-750."

'Vocatwnal Rehabzlztatwn Adm’omstmtwn

; '(29 U.8.C.:34(a)), authorizes the Secretary to make grants forresearch

~.. and’ demonstration projects, and projects: for special facilities and
... .services in the field of vocational rehabilitation.. The: Secretary is
_authorized by section 7(c) of the act (29-U.8.C. 37(c)) directly, or by .

- contraet, to conduct research, studies, investigations and demonstra- = -
.tions designed to promote the rehabilitation of the handicapped, and

to disseminate information on such research ‘and: on reha.blhta.tlon
resources. Section 7(a)(3) of this act (29 U.8.C. 37(a)(8)) requires
“the Secretary to dissemmate 1nforma,t10n rela,tmg to voca,t.lonal

- rehabilitation services:

- Food and Drug Administration

The Food and Drug Administration  is essentxally & regula,tory.

' ao'ency The research conducted by FDA is designed to assist it in

' _meeting its regulatory responsibilities. - New instruments or methods

wooof anal})]"ﬂs which may be.developed from such research are pubhclzed
- t,hroug normal scientific channels of communication. :

¢ 7. Section 705(b) of the Federal Food, Drug, and Cosmétm Act as'
‘ ‘amended (21 U.S.C. 375) provides, in- part that.the Secretary is ot

- prohibited from collecting, reporting, and lllustra,tlng the results of the

investigations of the Department. = -
o Social Security Administration and WeUare Admm?,stmtwn

Section 1110 of the Social Security Act, as amended (42 U.S.C. 1310)
authorizes the Secretary to support by grants, contracts, or jointly

" Section 4(a) of the Vocational Rehabilitation Act a8 a,mended,

SR ) ﬁna.nced arrangements research or demonstration pr()] jects in the ﬁelds _
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cf sccml securlty and pubhc assistance, such as pro]ects WhIch relate
‘to the prevention and reduction of dependency, or which will ‘aid in

effecting coordination of plannmg between private and public welfare -

~agencies, or which will help to improve the administration-and effec<
tiveness of the social security and public assistance programs.

Title 42, United States Code.section 192 directs .the Chlldren 8 RRE

Bureau to investigate matters pertaining to the welfare of children

. and child life, and authorizes the Chief of the Children’ 5 Bureau to -

.pubhsh the results of these investigations. .

~Section 633 of the Social Security Act, as amended (42 Us: C. 729a) .
- authorizes the Secretary to support by grants,. contracts, or jointly.
financed -arrangements research ° projects relating to maternal and L

child  health services or crippled children’s services. .- :
Section 3 of the Juvenile Delinquency and: Youth Offenses Control.

Actiof 1961, as amended (42 :.U.S.C. 2542) authorizes the Secretary
to . make grants and contracts for demonstration and evaluation proj- =

ects: in the field of prevention snd control of juvenile delinquency.

Bection 5 of that act (42 U.S. C. 2544) authorizes the Secretary to - -

make studies in. this field and to collect, evaluate, publish, anddis- -

" seminate Informatlcn relatmg to the preventlcn and contrcl of ;,uvemle Rt

delinguency. - .
' Admzmstmtwn ‘on Agmq

Section 401 of the Older Amerlcans Act of 1065 (42 US C 3031) #E

authorizes the Secretary to make grants and contracts for studies and -
demonstration projects in the field of aging. ~ Section 602 of that act
(42 U.S.C. 3052) authorizes the Secretary to conduet research and

~demonstrations, and collect, prepare; publish, and- disseminate specm} S

educational-or information materials on the aging. .
In addition to the statutory: authorities cited above,’ the Pubhc
Health Service, ' Vocational Rehabilitation Admmlstratlon Welfare

- Administration; and Office of Education utilize foreign currencies pur=

-suant to the provisions of section 104(b)(3) of the Agrieultural Trade

Development and Assistance Act of 1954, as amended (Public: Law -
89-808; 7 U.S.C: 1704(b)(3)), to conduct research snd disseminate = -

* information.. These agencies exerclse thls authcnty pursuant tc_'_
delegatlcn from’ the Secretary : ‘ . :

C THE APPLICABILITY OF TECHNOLOGY TO OTHER GOVERNMENT
‘ProGgraMs AND THE PrivateE INDUSTRIAL SECTOR, QUEsTION 2

The large agencies which sponsor- research and development in

ahnost every field of science and engineering agree that a substantial . e

potential exists for the secondary application of their technology.
This view of téchnology holds it to be abasic resourceé for further:
exploitation. It should be noted that Federal ‘agencies'do a substan-
tial amount; of R. & D. directly for industrial use—mainly in medi-

* cine, natural resources, and agricultural utilization. :There are many o
formal relationships for direct: transfer (primary application) related =~

to agency missions, for example, National Bureau of Standards sery-

ices ‘to 1ndustryr - {See also USDA p- 90, DHEW p. 121, and I)I

p. 117.) .

As missions change and new publlc néeds arise, speclﬁc mteragency RS
transfer a.n-angements are made for example, NASA research on air- -



L creft Sk1dd1ng on wet runways has led to ha1son with - the. Bureau. of
- . Public Roads for application in lnghwa,{r safety. . ;
. = The agency replies are hesitant in placing any quant1ta,t1ve value
. to industry. on the results of their R. & D. in secondary applications.
... The lack of data, the long timelag for obvious effects and the com-
‘- plexity: of industrial innovation are cited as reasons why no direct
.- relationship can be stated. Selected replies on this subject (compiled. -
from reports furnlshed by the agemnes) are presented below SRR

1, NATIONAL AERONAUTICS AND SPACE AGENCY

The :National . Aeronautics - and. Space Admmlstretmn conducts
reseerch development -engineering, and evaluation in nearly every
o so1ent1ﬁc and - engineering d1sclp11ne Therefore, much of what s
-, learned through the agency’s programs has immediate relevance in
" other sectors of the eéconomy. But-——more 1mportantly——ﬂthe NASA
technology utilization program -has deliberately established mech-
... anisms. $0 communicate knowledge across disciplinary, industry, and
" regional lines, so that an innovation, discovery, and 1noremente.l._
-..advance in know ledge in. one field can have mnnedlate relevance in.
- another field.. : ,
7 Mission oriented egenmes, espeemlly those. w hose missions are 50.
o broadly based and complex as those of NASA, generate a_very large
amount of new knowledge. But volume of knowledge alone.is an -.
_insufficient basis on which to determine the need for special programs
‘to transfer this knowledge from its many points of origin to its many
~:more points of potential use. The size, complexity, and accessibility.
 of.the knowledge inventory available to an innovator establishes
. lirhits within which he must function; a sizable inventory allows for
- more combinations and permits more approaches than does a small
. one; the intelligibility and accessibility of the inventory. determines.
/to @ very important extent its utility.
~- There are numerous indications that new technologme bemg oreated
e and nurtured with public. funds, in support of public missions such as
- defense, aeronautics and space, and nuclear. energy, . have grea.t Value
in secondary .applications. .
- Much new knowledge has its most important. real and. potentml' ‘
** impact in endeavors other than those i in ngoh it originated. A good.
- example is the applicability of findings in fluid dynamics research and -
. pump. technology to the requirements of those concerned with im-~
proving: and. buffering the human cardiovascular system. Another
.. example is the a plicability of systems analysis and systems engineer--
" ing.concepts a,nd) techniques to urban problems. - .
" A single innovation also, of course, can have relevance i in a mult.l-
- plicity | “of . secondary applications. For example, Government-
. sponsored research and development has brought about a range of -
manipulators and other .devices that dramatically extend, human
. physical capabilities..  While the devices. themselves have sécondary .
- “applicability, the underlying concepts and pr1ne1ples have far broader
utility—because understanding them permits the development of
analogs of the original devices for a multiplicity of purposes, such as
- improved prosthetic. devices, material handling equipment, ocean
. enﬁmeermg requlrements, medical diagnostic tools, and numerous,':
. other uses . . :




112 POLICY PLANNING FOR TECHNOLOGY TRANSFER -

Knowledge- is_.s'éldom provineial. . “The “critical ,‘p(')int-._'is the wital -

~importance of building an information bank in such a way that awide:
range of objectives can be defined and articulated in such & manner that
a divergence of applications ¢an feed from the same bit of informsation.
- Just as g given d?)ll)

lar from a conventional bank can be-used forsuch™ ="

“diverse purposes as canals and. cattle, so a given bit of knowledge, in- '

" combination with -other bits of knowledge,~has a large numbper of -

- potential uses. - sl L0 Do o e
Technology, then, it seems, should be considered as a basic resource

and policies to determine the means of its transferability should recog- -

~ nize its-ubiquitous nature, : ’ Co

In a society structure that encourages increased specialization; tra- -

‘ditional means of communicating no longer suffice.- When mew
"knowledge ‘was generated in smaller amounts and fewer fields, the

professioal journal provided an admirable: means of communicating: .-

new knowledge. - And when our industrial structure was less complex .
- the trade magazine provided a channelfor ¢ommunication of compre-’

hensive information within an industry. But specialization within® - .
disciplines and fragmentation of manufacturing activities have splin-

tered those ‘communication timbers. - Where once one publication -

could cover a broad field, today 50 or more publications report on' spe--

cific segments of that field: "Not only has it become incressingly diffi-

cult to communicate across industry and disciplinary linés—it has™ = '™
become extremely difficult to communicate between fields of special- -

ization within a single industry or discipline. - And it is across'such .
liﬁas 'thgt new knowledge must flow if its optimum utility ‘is'to-be’
obtained. - s i ; OpumEmL b R

The- applicability and value of “NASA-generated technology—when e

viewed 1n thé above light as bits of knowledge—to other ‘Federal -
* agencies and to the private seéctor has been demonstrated. ' Attach- .~

ments' B and C provide a few ‘case examples of the use of NASA- =

- . derived technology for other purposes.

~ Another indication of relevance is the fact that more than 250 com- .

_panies are now paying annual membership fees at the NASA-sponsored
regional dissemination centers. 'This represents’sa substantial inerease -

from the fewer than 100 companies paying membership fees: 1 yéar' . ~

ago. “Further, experience to date. suggests these companies—which

range greatly in product lines, market orlentations, sizes, and regions— = -

have found NASA information relevant to their requirements because’

“rénewal rates have been exceeding 90 percent, and many companies’ -

foir in ‘their initial year of membership. =

have renewed their memberships for higher rates of service than asked:

‘In cooperative programs with the Office ‘6f Law Enfbrceﬂlehj’tf-- L

Assistance (Justice Department) and Vocational ‘Rehabilitation Ad-
ministration (HEW), NASA technology is proving relevant to thé
missions of these ageneies. ~ . = = - ST e
Another indication of relevance to industry requirements is the ©
fact that NASA Tech Briefs are now generating industrial inquiries’ -
at a rate of approximately 1,000 inquiries per mionth. L
~ A further indication is that trade, technical, business, and profes- -
~ sional magazine editors—who must be'attuned toindustry’s knowledge

requirements——are presenting NASA inncvations to their andiences

at’ a record rate. = -
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W1th respect to the value of such technology, we th1nk that 1t is
- indispensable. Essentla.lly all new miethods of determining standards,
- and many of the new: instruments and techniques for. Wea,ther observa-
... tion -and prediction, or for'precision geodetic surveying are generated
.7 within our organization. iEven though we obtain instruments and
" scientific and technical concepts from many outside sources, we still -
"mist develop many to accomplish our m1ss1ons eﬂ"ectwely

. The value of DOC technolog gy-to other agencies

- Other Federal agencies depend upon NBS for essentlally all of' .
- the technology of standardization. The services of NBS in this and .

other areas of competence are so valued by other agencies that they .

.- provide approximately one-half of its total operating funds.
=+ Under Public Law 89-306, NBS has a central Federal responsibility
TR to provuie technical advme to all Federal users’ of automatlc date_
e -:processmg systems. -
.. With respect to, the technology developed in ESSA, it appears
-.tha.t our primary transfer to other agencies is to their related PTograms-

in the observation and prediction of the atmosphere and the ocean, - '

~and in the earth sciences and surveying. We do not have a quanti-
- tative measure of the magnitude of this transfer, but we knoiv of
o many ‘specific instances, and we believe it is very substantlal

.'.'-__‘_"'The value of DOC technology to industry

The private industrial sector relies heewly orl NBS for sta,ndards.,.
o and standards technology. :Miuech of ‘this transfer.is accomplished:
- through the Bureau’s three-section -Journal of Research and ‘eight

.+ different series of nonperiodical publications, for which there are 3,000. '

2 106,000 subscnbers, depending on the item, mostly from: 1ndustry
e 'Also, much of this is transferred by visits and personal contact. -In -
- particular, there are at the present time over 50 industrial associates

. .. from- 21 different industrial organizations working at_ the Bureau on

T prOJects of ‘mutual -interest between the Bureau and industry.
Ini-addition,- the Bureau has a program of .making available to
1ndustry many. types of standard reference materials. - Approxi-
.-~ mately 72,000 samples of such materials svere purchased from the
' .'.V-Z_Bureeu durmg the past year. . _

. 'The; NBS estimates that: 5. percent of its professmnal effort is
g Spent in consultmg services to. both 1ndustry and other Government‘
n _agencws g .
..~ The NBS. also operates the Clearmghouse for Federal Sclentlﬁe :
and Technical . Information, to be discussed 'later. : o
-+ Theactivities of EESSA are unique-in that thereis.very llttle releted
L act1v1ty in the private sector of the R.. & D. or developmerital type,.
~and: to our knowledge, there has been. little technology transfer in
=« the form .of-instruments, methods, and equipment, but the technical
. --‘data produced by ESSA has w1de apphca,tmn in, the prwa,te sector :

I

3. THE DEPARTMENT OF DEFENSE

r Department of Defense resea.rch and development is undertaken on.
S the basis that such effort is required. to support the Defense mission.,
_It is entlc1pa.ted that the benefits obtamed from teohnology derived in
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the .performance of DOD research and development will eﬁéeé& the :_.

* cost when evaluated in relation to the Defense mission. To obtain

a better understanding of the DOD reséarch and development process, - . -

we have an on-going study to determine and analyze the-develop-
ment history of - selected, recently devéloped - military systemsidnd

devicés. Based on’the limited number- of cases studied to date we .. .
have strong indications that over 90:percent of the technological .~

“confributions to systems under development stem from Defense
funded research and development. We also find that science and
technology funds deliberately invested and managed for defense pur--
poses, though not necessarily for a specific end item, have been about
one order of magnitude more efficient in producing useful contributions,
than the same amount of funds invested without specific concern for
defense needs. Thus, we see that although technology “spinoff’”’ into
defense weapon systems from nondefense sectors exists, it is very
small, and it is quite inadequate to produce the number of innovations

needed to produce large increases m effectiveness of défense weapon .

' - .gystems. .

“The initial conclusions of this study (Project HINDSIGHT) -

support our belief that a Department of Defense investment in de-

fense related science and technology has a large, though not necessarily - -

. immediate, payoff. . .. . T R L e
* . The nature of the Department of Defense’s mission requires engage- -
ment in ‘almost every scientific and . technical area. %hIIs, we ire-
quently can expect to engage in"technological areas which are of in-"

- terest to other Federal agencies. To assure that scientific and téch-

* nical  information resulting from DOD ‘sponsored research &nd
development is available to other Federal agencies; it is the policy of

- the Department of Defense to provide technical reports without = -
charge to other Federal agencies and their contractors, subcontractors - =

and grantees. In addition to the dissemination of technical reports,

DOD makes available services of its 22 information analysis centers. * = -~

-Tt is our judgment that some-portion. of the DOD developed tech--

‘nology is applicable and has value to other Federal agencies. As-an- it

indication of this value, 526- Government organizations outside of the

DfeBartmeIit of Defense are currently registered to receive Department =~
of . . R

efense technical reports-on secondary distribution,

In assessing the worth of spinoff to industry, we recognize that the

increasing degree of sophistication of defense 'technolv?ﬁy hasled to an = .

" increasing divergence between this techinology and civilian technology.

i Thus, tangible spinoff; that is, the direct application of defense de-

veloped-systems and devices to the private sector, has become of
less importance. Correspondingly, intangible spinoff, -that is, ‘the -
transfer of -scientific. and technological information to ‘commercial

- use, has become more: important than tangible spinoff: - Intangible -

. spinoff is at best difficult o identify in the more'obvious cases and is

mmpossible. to identify in total.. Therefore, while we recognize that '
defense generated technology has some applicability and value to -
- the private industrial sector, we cannot qUant1tatively‘ ascertain‘_ the o

_value.. =

In order to fa.cilitate,' the application. of defense develo ed tec]i_n'ol-:i- A

' ogy to the private industrial sector, it is the policy of the Department .
of Defense to make technical information resulting from its research: -
and development program readily available ‘within lmitations im- -
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. posed by security. This is accomplished by encouraging the pre-
-sentation of scientific results in the technical literature and providing

~ unclassified technical reports to the Clearinghouse for Scientific
and - Technical Information within the Department of Commerce

- where it is made readily available to the public.

o 4. THE ATOMIC ENERGY COMMISSION
- The many and varied activities described in responding to question
.3 have resulted in a considerable transfer of tec}fmol‘ogy within the -
. AEC, to other agencies and their contractors, and to universities and
.- colleges, industry, and the general public. The. transfers which are
., best known, understandably, are those that represent major, readily .
© .. identifiable, discreet items such as clean rooms, eivilian power reactors, -
- uses of isotopes, nuclear energy for the desalination of water, zonal .
. liguid. centrifuges, or improved water purification processes. While. -
.., .-these major items are important, of equal importance are the numer-
... ous, incremental technological advanees which, in total, can be and
. -have been of substantial benefit to our industrial progress and.eco-
- - nomic growth. = A substantial body of such technof)ogy exists within
-, the C family. Our -ongoing program is planned to identify the
;existing technology and to make it available to all interested: organi-
- zations and individuals. S U T
¢ . While we are convinced that a substantial portion of this technology
. ‘can be useful to industry, it is difficult to determine how valilable a
S techn_olog{.transfe_r‘program is to industry. Some of the factors
Lk _;];_' swhich make an evaluation difficult are: =~ =~~~ . o
' - 1. The problem of obtaining useful data to determine which
- technology was transferréd and how extensively it is being used.
"+ " 2, The necessity to use a multifaceted approach since no single
¢ 0 transfer mechanism has proven to be the most effective.. This
Senof osituation probably exists because each industry uses a certain
‘. set of mechanisms and the set used varies from industry to
SuCindustry. o . SEEEERAE N R
3. The ‘technology transfer process is very complex and not
T . fully understood. Additional study is required to determine
% . . whether a Government-sponsored program is. effective, what is
.. the. cost to the Government and to industry, and what are the
" resulting benefits to society. ' o
. The success acliieved in transferring knowledge in the agricultural
.. field lends credence to the concept that, technology can be transferred
. _in the industrial field. However, it may be necessary to sustain a
. technology transfer program for someé years before a meaningful
- evaluation of its worth can be made. ' : S

... 5 THE DEPAKTMENT OF AGRICUI_J_TUR;E _ _
B ---_'IiTh'e Department, of Agriculture shares numerous areas of reéponsiF'-
¢ bility with other departments and agencies of the Federal Govern-
. ment, particularly as related to the development, conservation, and

-+ L - use of natural resources, the protection of our environment, and the -
- -relation -of the Nation’s food supply to the health and well-being of

...+ the population. This Department benefits from the knowledge de-

~.~ veloped ‘through research’in many other Federal laboratories. The
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'technology developed in this Department {inds Wlde appllcatmns in
other agenmes of the Government “Some examples are: :

. T8DA- developed technolog J

" Nature v EE I Other Fa'ﬂ'eraz'm.;r‘._ PRI

' Techmques for removing ra.dloactwe matenals from smls AEC
or minimizing their effeéts:-

Improved aerial chemical apphcatmn teehmques,w, IR FAA

Flame resistant cotton fabrics._ . ... o.. .DOD.

Synthesis of dexfran as a blood volume extendern___ oo DBOD. )

Penicillin culture techniques____________._.. P DOD: o
- Improved packaging meéthods and materla.ls__'_-_ _________ .GSA and others B

New, improved, :and more economieal house constructmn "HUD.
methods and materials.-

Materials and teehmques for revegetatmg roads1de cuts_q ‘BPR.

Deﬁmtlon of minimum ' nuiritional requlrements and HEW
‘development, of low-inicome diets.

‘Strip mine restoration methodsl . ... ... _: leeilin BM._ L
Microclimatic data for environmental data, analyses ______ ERBA
Hydrologic data from experimental watersheds_ . ___:____ GS.

Tetchmques for mamta,lmng a.nd improving w11dlife habl— FWS
ats
New and 1mproved methods’ for chemieal’ a.nalyses__ Soeil FDA PHS
- Techniques -for minimizing or controlling environmental "PHS.
or biological factors-affecting human health. L : T
Improved rarge management technieques. - ... __ BR,BLM. -
General agricultural praetices_ ... Lo AID. s s e

- The joint planmng of research is (,onstantly bemg enhanced throuo'h o

increasing use of interagency planning committees, the science mfor-'-__ ,

mation exchange, and many other procedures for eﬁ'ectwe coordma—
tlon of effort among agencies. ‘

"The advanced agriculture that enables us “to have ample food end A
fiber of good quality as g part of the world’s highest standard of living - -

is an outstanding example of the application of technology. It has
been estimated that to have produced our 1963 farm output by the’

technology of 1940 would have required itiputs valued at 817 billion. :

more than were actually required. .
In addition to.its historic association with farmers, the pubhcly
supported sgricultural research agencies, including both the U.S,
Department of Agriculture and the State Agrieultural Experiment
Stations, have long enjoyed a close working relationship with the

agnbusmess and corporate ‘sector of private industry. Many ex- -

amples can be cited of working relationships and even’ sharing of
scientists and research facilities among public and private research
and"development organizations. This has been accomplished Wlth-_
oub in anyway impairing the integrity of the public institutions. " In
most areas industry has been quick to seize on the new principles and
processes resulting from public research. For example, it has been -

-estimated that 109 commercialized acliieveinents valued at more than ..~

$6,360 million have been adopted as the result of about $308,800,000

: expended over time for research and development to foster the utlhza- T

~ tion of agricultural products.

Where applicable, public service patents have preserved the ﬁndmgs .

of public research for the benefit of all without danger of monopoly or

favoritism in the private sector.  The general public has been the =~ °

general benefactor of effective relationships between this Department
“and the private sector. Itis s1gn1ﬁca,nt to note the.t mdustry prowded_ N
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. Some’ 55 percent of the est1mated $850 million expended for agncultura.l_

L reseerch and development in ﬁscal year 1965

6. THE DEPARTMENT OF THE INTERIOR o o

The technology resulting from Office of Coel Reseereh research
contracts is, we believe, valuable and implemental to this Department
‘with its broad responmblhtles for natural resources...:Much of the

' research being done will prove valuableto. other Federal agencies in

seeking to obtain solutlons to such problems as air-and water pollution,

': ~ - .and greater economics in fuel combustion techmques with consequent
- . savings, expand byproduct use, ete.

o The Federal Water Pollution Control Admmletra,tmn researeh and,
. development effort has, as a primary. objective, the development of -
: teehnol)ogy which will solve indentifiable water pollution. problems.
Accordingly, there is full applicability. = For example, a plant for the

. effective treatment of the water of Lake Tehoe, Clalif., was designed and

constructed on the bagis of informsation generated. under the advanced.

" ivaste treatinent program of this administration. = By utilizing -the

advanced techniques of activated carbon adsorption and coagulation;

" the treatment, plant is now able to provide the high quality. effluent
~ - required to assure the preservation of Lake Tshoe as a scenic wonder.

‘As a second example, the reclamation of sewage for use in-two: recrea-

. tional lakes by the Santee County Water District of California, may -
- be. cited.. Similar attempts at weste-wa.ter reuse are now underway.
- ._1n Tucson, Ariz.- and. elsewhere, ©

-« .. Within the concept of “technology transfer’ ’ Whlch has been. deﬁned _
in.the. report of the National Commission.of Technology,: Automation,

"""‘_,':_an d Eeconomic. Progress, Volume 1, February 1966, page 104, as

‘‘using new technology for purposes ‘other than the spemﬁc ones for

which it was developed”, 1t is our judgment the.t the technology
" derived by: the Bonneville Power Administration in the development
-+ of high voltage and extra high voltage transmission systems using

“both AC and DC transmission with primary generation of hydro

.. ‘sources and the development of steam and nuclear generation is of

- .great value not only to the. Bonneville-Power Administration but to -
other Federal agencies such as the Tennessee Valley Authority, the

' Bureau of Reclamation, the Federal Power Commission, as well as

R Weter s mission (i.e., to dev

“to. other public and private industrial sectors engaged in. gene:retlon=
§ ﬂnd transmission. of Il)eetrlca,l energy. .- '
‘(a) The technology developed in support of the Oﬁice of Sahne
el)op practicable, low-cost means for the

large-scale produotmn of water of a quality suitable for municipal,
~-industrial, agricultural, and other beneficial consumptive uses from
saline. Water) is dlreotly applicable to the OSW mission and is of direct

T _ _v&lue in reaching the goals-established for the program. : Itds through

" the’ development of new technology that the Office of Saline Waster

“hopes: to: achieve its goal of low-cost desalted water for the various
s :pa,rts of the country and the world.

-~ {(b)- The technology is. also-applicable and of- value to the pro-
: _grems of: several ‘'other Federal agencies as well as many State and

_,local orgemzatlons To ment,lon only a feW of the many Federel
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agencles that are deeply mterested in the technology developed under .
our program, the following: agencies-are listed: .- . :
Federal Water Pollution Control Admmlstra,tlon
Bureau of Mines: T
_ Bureau of Reclamation. : ST e
¢ :0ffice of ‘Water Resources Research SERTEERRRERE AR
- U8.. Geological Survey.
. "Atomie Energy Commission:
National Bureau of Standards.
“Corps of Engineers. - :
“U.S:'Navy Bureau of Yards a.nd Docks ' : P
In addition, we have had many discussions Wlth State and local'

organizations on common water problems'in an attempt to’ ‘determine -

whether the:application of current desaltlng teohnology to thelr speclﬁc o
Water ‘problems ‘was feasible.”
“(c) Regarding the private sector, it is ‘the Office of Saline Water s
mission to'foster and promote the development of technology in ‘the -
desalting field to the point where private industry -can 'take the -
processes and technical date developed and then use theirskillsiand .-

‘talents to continue the refinement and development. of these ; processes
for the production of low-cost desalted water on a large scale.. Thisis
‘being accomplished by having the"private sector (universities; non- .
profit institutions and private industry) participate in the conduct of
* the.research and development work through our contract and grant '
program; as well -as: disseminate the results 'of :these scientific. and

engineering efforts conducted under the OSW Progr&m o all 1nterested = >

and: concerned parties. R
:(a): The value to the- Department of the Intenor of the technology- S
and investigations performed by the Bureau of: Mines i is as follows: - -

(1) Provides timely and authorifative technical economic advice requu‘ed by '
the . Department and other -Bureaus of the Department for ‘analyzing and evalus

ating domestic and foreign mineral resources problems, in proposing new- legislation - ™ 7
or amendments to.existing laws, and in making rules. relating to mineral and B

_ mineral fuel matters, and health and safety in the minerals industry. L
(2) Provides basie information on statisties' and the mineral a.nd mlneral :

" - Tuel resource base with appropriate analyses and interpretation.”

{(8) Keeps the Department and other Bureaus in the Department appnsed of ’
technoiogwal scientific and research activities and accomplishments in “the
Federal and private secior.. .

(4) Provides high-level techmca,l sc1ent1ﬁc, cngmeenng and economlc analy51s .
skills in the minerals and chemical enginieering fields which are available foand

utilized by the Assistant Secretary—Mineral Resources in discharging: his-duties-. .=

with réespect to the development and utilization of mmerals and fuels, 1nc1ud1ng

defense minerals activities. .

~ (b) ~The information and’ technol v descrlbed m 1tems (1) a.nd (2)

of part (a) above are also promdedg to other Federal agencies in-a "

tamely and authoritative manner through the medium of interagency - -
}]):or(;s, consultative services, cooperatlve studles and- through pub-'

lished reports and information. -

{¢} The Bureau’s. contrlbutlons 10 the prlvate 1ndust.rml sector a,re" B

' 'as follows: :
_-Although the private industrial sector. of the mmerals 1ndustry h&s :

in the past,:benefited appreciably from Bureau of Mines research- and

development, and can be. expected to continue to do:so in the future; -
the &dva,ncement of industrial interests is an incidental eﬂ'ect rather R
. than the prlmary objective of Bureau progra,ms ‘





