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ABSTRACT

‘1
An important resource in the search for solutions to ser ious issues

confronting the United States is the science and technology which r esult

from Federally funded research and development. To obtain the optimum

return on this significant investment requires that the resulta nt technol-

ogy be adapted for secondary utilization and/or be transferred to primary

and secondary users. This paper describes the magnitude and scope of

Federally sponsored research and development and describes the major

Federal technology transfer efforts. While present technology t ransfer

eff or ts , mostly passive, are necessary, the need for more active methods

is pointed out. The Federal government is seeking ways to improve its

technology transfer effort. General agreement on the following actions

appears to exist: stronger support by Federal research and development

management, and increased commitment of personnel and funding to the

Federal technology transfer effort.

_____ . .
~~~~~~~~~~~

., ., 



TABLE OF CONTENTS

LIST OF FIGURES AND TABLES 7

INTRODUCTION 8

A. OBJECTIVES 8

B. BACKGROUND 8

II. FEDERALLY FUNDED RESEARCH AND DEVELOPMENT -- 14
A. THE MAGNIT UDE OF THE FEDERAL RESEARCH

AND DEVELOPMENT EFFORT 14

1. Funding 14

2. Facilities and Personnel 18

B. THE SCOPE OF THE FEDERAL RESEARCH AND
DEVELOPMENT EFFORT 20

III . FEDERAL TECHNOLOGY TRANSFER EFFORTS 23

A. BACKGROUND 23

B. MAJOR EFFORTS 25

1. National Technical Information Service 25

2. Smithsonian Science Information Exchange 28

3. National Referral Center 31

4. Federal Laboratories 35

a. Civil-Mission Laboratories 37

b. Special-Mission Laboratories 41

5. Other 46

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ----~~~~~~,-~~~~~~



- ~—-- -~.-—-~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
-- — —  

.. -.. -  -..-—----— -- -  .~—...—.—--

IV. PATENT POLIC Y AND T~~CHNOLOGY TRANSFER 51

A. GENERAL PATENT POLICY 51

B. GOVERNMENT PATENT POLICY AND FEDERAL
RESEARCH AND DEVELOPMENT 53

1. Federal Laboratories 53

2. Federally Funded Private Sector Research
and Development Contracts 54

3. Government Patent s 57

V. THE NATIONAL SCIENCE AND TECHNOLOGY POLICY,
ORGANIZATION, AND PRIORITIES ACT OF 1976 63

VI. SUMMARY 67

APPENDIX A. TECHNOLOGY TRANSFER AND
UTILIZATION 69

APPENDIX B. FEDERAL OUTLAYS FOR RESEARCH AND
DEVELOPMENT , BY AGENC Y , FISCAL
YEAR 1977 72

APPENDIX C. AREAS OF FEDERAL RESEARCH AND
DEVELOPMENT 76

LIST OF REFERENCES 92

INITIAL DISTRIBUTION LIST 97 

__



LIST OF FIGURES AND TABLES

FIGURE

1. Federal Research and Development Outlays ,
Fiscal Years 1940-1978 15

TABLE

I. Federal Research and Development Obligations
by Function, Fiscal Year 1978 16



‘~~~~ ‘~ 
——-—

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _-.~ -

I. INTRODUCTION

A. OBJECTIVES

There are two objectives to this paper. The first is to provide the

reader with an understanding of the magnitude and scope of the Federally

funded resea rch and development effort. The second , and more impor-

tant objective , is to develop within the reader an appreciat ion fo r and an

understanding of the Federal government ’s efforts to transfer the tech-

nology resulting f rom this research into use by private and other public

sectors, including:

1. technology transfer objectives;

2. resultant benefits;
j~ ~‘.1 3. methodologies of the major efforts;

4. how public and private organizations and private citizens

interact with these efforts; and

5. possible changes in these efforts.

B. BACKGROUND

In its relatively shor t existence, the United States of America has

become the leading industria l nation in the world and the leader of the

free world countries. However , the United States faces a multitude of

socia l and economic problems and challenges tha t require immediate

solutions if its peop le a re to continue to enjoy their present standard

of living, and the nation is to retain its position as a major world power.
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The ener gy crisis, inflation, unemployment, pollution, urba n decay,

housing, and many other nationa l concerns, which are equally as meaning-

ful in keeping this nation strong, face Federal , state and local govern-

ments. The seriousness of these problems is exemplified by the rapidly

increasing fore.ign trade deficit. This deficit is largely the result of

foreign oil payments which are necessary to meet the nation ’s demand for

energy [Ref . 1, p. 1]. While seeking solutions to such problems , pro-

gress must continu e to be made in area s such as space exploration,

oceanog raphy, meeting the nation’ s health needs , and in the maintenance

of a modern, strong defense force. While thi s country is blessed with

many resou rces , they are not unlimited. The numerous dema nd s for

resources ma ndate that the benefits realized from them be maximized .

The r esources of Federal, state , and local governments , private

indu stry, universities and nonprofit organizations must be efficiently

and effectively utilized in meeting the nation’s needs. The majority of

these needs may be met “throug h the p roper u t ilization of existing and

developing scienc e and technology resources. ” [Ref.  2 , p. 1] The

National science and Technology Policy, Organization , and Priorities

Act of 1976 states the following:

“the scientific and technological capabilitie s of the United
States , when proper ly foste red , applied , and direc ted , can ef-
fec tively assist in improving the quality of life , in anticipating
and resolving critical and emerg ing international, national,
and local p roblems, in stren gthening the Nation ’s international
economic position, and in furthering its foreign policy objec-.

V tives. “ [Ref. 3, p. 1]



Science and technology result from research and development.

Today, as in past years , huge sums of money are being spent on re-

search and development in the United States. The Federal government

spend s more money on research and development than all other organiza-

tions combined , and has been doing so for many years. “Research and

development is conduc ted thr oughout the Federal government . Most

agencies and departments support research and development to further

advances in those field s of science and technology which are related to

their mission. ” (Ref. 4, p. 1]

This large expenditure of Federal government funds over the years

has produced a vast amount of products, processes, and knowledge.

These have often advanced the state of the art and/or resulted in patent s

being issued. The results of this research and development effort have

cut across almost the entire spectrum of science and technology.

The majority of Federal research and development funds are used

to contract research and development work out to nongovernm ent en-

titles; private industry, universities, and nonprofit organizations.

However, the largest single recipient of Federal research and develop-

ment funds are the Federal laboratories and research centers [Ref. 5].

The Federal holdings in facilitie s and equipment for conducting research

and development are immense. The expertise that exists in the Federal

laboratories is a tremendous nationa l resource. Federal laboratories

and their personnel represent a vast variety of specialized , in_ place ,

scientific and engineering competence and experience (Ref. 6 , p. iii].

L . . . .
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One of the objectives of technology ~~ansfer in the Fede ral gover n-

ment is to optimize the benefits from Federal funds expended on research

and development by taking the knowled ge , fa cilities , and capabilit ies

developed and transferring them to fulfill actua l or potential public or

private needs. By so doing, a greater return on the taxpayer’s invest-

xnent in science and technology is achieved through more effective

primary and secondary use of Federally funded research and develop-

ment results and capabilities. ( R ef .  2 , pp. 1, 2}.

The expression ~Ttechnology transfer” means different things to

different people. The teacher in the classroom may think of the teacher-

pupil relationship as technology transfer. The industrialist may think

of ca r efully illu strated and printed service manuals as t echnology

transfer. While there is not one universally accepted definition of

technology transfer , most people , if not all, who are familiar with the

general meaning would agr ee that technology tra nsfer is inherently good;

when it occurs there is at least some small economic or social benefi t

[R ef. 7, p. vi .

For the purpose of this paper , technology transfer is considered

to be the p rocess which:

“encompa sses the collection , documentation , and dis-
semination of scientific and technical information, inc luding
data on the performance and cost of using the technology;
the transformation of research and technology into processes ,
p roduct s, and services that can be applied to public or pri-.
vate needs; and the secondary app lication of research or
technology developed for a par t icular mission tha t fills the
needs in a nother environment . ” [Ref. 8, p. vi

_.._ _ _ _ .__

~
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~
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~
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After having presented this somewhat long definition, a more suc-

cinct definition of “technology transfer may simply be stimulating or

helping someone othe r than the research support er to use the research

results. “ (Ref. 9, p. 11]

This paper will not concern itself with an. ana lysis and evaluation of

the various methodologies of technology transfer , that would be a study

in itself. However , there are a few thing s about technology transfer

methodology on which there is widespread agreement :

1. Technology transfe r is a people thing [Ref. 10].

“The mere availability of information does not
cause its transfer or use. Printed materials alone ,
even expertly prepared , cannot stimulate inter-
personal relations, defi ne a problem, answer re-
lated questions , involve consulting authorities ,
provide follow-through on problems or relate to
othe r agencies. ” [Ref. 4, p. 14]

It is in th e discussion between knowled geable people tha t the

compatibility between capability and opportunity (need ) has

bee n, and will cont inue t o be , recognized [Ref. 11, p. 6].

2 . While there must be both “technology push” and “requirement s

pull” (sometimes called supply and dema nd ) to effect technol-

ogy transfer , the more importa nt of the two to the success of

the technology transfe r process is “requirement s pull.

[Ref . 4, p. 17] “Technology push” is what is technologically

fea sible and the eage rn ess of the r esearch and developm ent

community to do it. “Requirements pull” a r e the problems

that need to be solved [Ref. 12, p. 2- 13) . “Re quirements

12 L
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pull ” necessitates communication and coordination between

the technology supplier and the potential users about needs and

problems from the initial stages of research and developme nt .

This approach has been much more successful in matching

available technology with exist ing pr oblems tha n a pure ‘ tech-

nology push” approach [Ref. 4, p. 5].

Appendix A is taken from a 1974 report by the Committee on Tech-

nology Transfe r and Utilization (COTTU) entitled Technology Transfer

and Utilization. It lists a number of dynamic step s that occur in varying

de grees in the technology and utilization process. It should be noted

tha t the broad definition of technology transfer used in this paper in-

cludes both technology transfer and utilization as defined in the above

report. The steps listed are very helpful when thinking about the tech-

nology transfer process , although some of the it ems mentioned apply to

private industry and not to a government technology transfer effort.

Both in the private sector and the public sec tor , the problem of

technology transfer involves a linking of the technologies at one extreme

with need s at the other by means of a complex “br okerage process. ”

At the technology end , ther e is a body of knowledge which resul t s fr om

research and development for primary mission purposes, but nonethe-

less, has numerous potential secondary or horizontal applications. At

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

combination of the technologies. Once these needs are defined , the

brokera ge process serves as the catalyst to help match the needs to the

technologies [Ref. 13, p. 9]. 

~~~~~~~~~~~ --~~~~~~~~~~~~-— ~~~~ ~~~~~~--- -—----
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II. FEDERALLY FUNDED RESEARCH AND DEVELOPMENT

- - A. THE MAGNITUDE OF THE FEDERAL RESEARCH AND
DEVELOPMENT EFFORT

1. Funding

In fiscal year 1977 (FY77) scientific research and development

accounted for some $40 billion worth of goods and services in the United

States. Twenty-five billion of thi s enormous enterprise was paid for by

— the Federal government, while industry, collectively, spent about $15

billion (Ref. 9, p. 8]. In fiscal year 1978 it is estimated tha t the Fed-

eral government will spend $26 billion on research and development , or

about 65 percent of all such money spent in the United States. Admiral

~~
, 

~~.

Hyman 3. Rickover testified before a Senate subcommittee tha t this

percentage may be as hi gh as 85 percent due to private industries ’

practice of labeling as research “items which are not research at all ,

such as cosmetic improvements in the appearanc e of items .” [Ref.  14,
I

p. 8]

Figur e 1 depicts the Fede ral spending on research and develop-

ment f rom fiscal year 1940 to the present . The heightened level of

spending in the 1960’ s was the result of research and development in

support of:

1. The National Aeronautics and Space Administration (NASA )

programs , in particular the program to put a man on the

moon i. e.,  the Apollo program.
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2. The Vietnam war effort.

Table I breaks fiscal year 1978 Federal research and develop-

ment obligations into 15 functional categories. These categories “were

chosen to make visible the chief objectives reflected by r esearch and

development programs in the 1978 budget.” Each program was placed

only under the function that embraces its primary purpose , although pro-

grams may have had secondary purposes [Ref. 17, p. 1].

TABLE I

Federal Research and Development Obligations by Function,
Fiscal Year 1978

(estimat ed, millions of dollars)

Function Obligation % of Total

National Defense 12 ,90 7 49.0
~ 

.
-
~ Space 3, 140 11. 9

Energy development and conversion 2,798 10.6
Health 2 , 683 10. 2
Environment 1, 098 4. 2
Science and technology base 1, 060 4. 0
Transportation and communications 805 3. 1
Natural resources 610 2 .3
Food , fiber , and other agricultural products---.  488 1.8
Education 269 1.0
Income security and social services 148 0.6
Area and community development, housing

and public services 99 0.4
Economic growth and productivity 97 0.4
Internationa l cooperation and development 71 0 .3
Crime prevention and control 44 0. 2

Total 26 , 317 100.0

[Ref. 17 , p. 3] 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Appendix B lists the outla y of Federal research and develop-

merit fund s by agency and subdivision for fiscal year 1977. Almost all

Federal government agencies engage in research and development.

Although the missions of these agencies are very divergent , their need

to conduct r esea r ch and development , in varying degrees , is common.

In 1976 there were 91 Federal agencies with research and development

programs . [Ref. 15, p. viii] .

The present level of spending on Federal research and develop-

merit may increase markedly in the coming years , ove r and above the

inc rease due to inflation. Among the reasons why are the following :

1. It is expected that Federal expenditures on research and

development to develop new sources of ene rg y will rise

rapidly. Between 1974 and 1978 Federal research and

development funding for energy increased more than four

arid one half times [Ref. 17, p. 2]. As an example, the

Federal government has proposed a research budget for

electrics in fiscal year 1979 of $39 million, up from an

annual budget of $200 , 000 in the early 1970’ s. The pri-

mary objective of this research is to develop low-cost ,

lightweight, long_range batteries to power electric

automobile s [Ref. 18, p. 53).

2 . As other natural resources, particularly metals such as

copper and tin, become depleted there may be greater

~~~~~~~~ ‘~
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need for Federal expenditures for research to find sub-

stitute materials and new, more economical processing

method s [Ref. 19, p. 3).

3. The problems facing the nation tomorrow will amost

certainly be more complex than the ones of today. More

complex problems require more complex solutions . In

almost all cases, the mo re complex a solut ion is, be it a

piece of equipment or a process, the more expensive it is.

It should be pointed out tha t no Federal bud get for re sea rch

and development exists , as such. No one decision determines what the

resea rch and development total funding will be. Rather , the final

• total for research and development in any Federal bud get is the result

of innumerable decisions regarding the programs of separate organiza-

tions. “Decisions on the size and nature of research and development

programs are based on the way they support agency missions and not

on the way resea rch and development functional elements r elate to

one another within the total budget. ” (unde rlining added for emphasis)

[Ref. 15, p. ixj

2 . Facilities and Personnel

The Fede ral facilit ies for conducting r esea rch and develop-

- merit are located in over 500 laboratories and research centers and

hu ndreds of technical field stations located in all 50 states , the Di s-

trict of Columbia , Canal Zone , Puerto Rico , Virg in Isla nd s, Antarc tica ,

and a number of foreign countries. A 1969 report identified 723 such

18
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research and development installations and lists them by sta te, outlying

area and foreign countries. Today such activities employ about 120 , 000

scientists and eng ineers , which is app roximately 23 percent of the tota l

number of scientists and eng ineer s enga ged in research and development

in the United State s [Ref. 4 , p. 33; Ref.  20 , pp. ix , 1027-32; Ref. 21,

p. iJ . The Federal laboratories and research centers are dedicated to

and administrated by different government agencies which are charged

variously with missions such as space exploration, national defense ,

ener gy, health , agriculture, natural resources and transportation.

These agencies receive about 35 percent of the Federal government’s

research and development budget. The remaining 65 percent is used to

contract out research and development work to universities, priva te

industry and non_profit organizations [Ref. 5).

There are three major categories of Federal laboratories:

1. Special-mission laboratories: have missions which often

requir e high technology, but they have no inherent require-

ment to work with state or local government s or pr ivate

indu stry (Department of Defense and National Aeronautics

and Space Administration make up the vast majority of these).

2 . Civil-mission laboratories: have an inherent need to work

closely with state , local , a nd other Fed eral government

units , and in some cases the private sector , in order to

implement their programs (examples: Department of

Transportation; Department of Commerce; Environmental

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Protection Agency; Department of Health, Education and

Welfare; and Department of Agriculture). [Ref . 6 , pp. 3,

4; Ref. 9, pp. 107- 8]

3. Federally Funded Research and Development Centers

( FFDRC’s) a re research and development performi ng or

mana ging organizations exclusively or substantially fin-

anced by one or more Federal agency and administered

for them by industrial firms, universities, or nonpr ofit

institutions. In 1977 there were 39 FFRDC ’s sponsored by

six Federal agencies [Ref. 15, p. 133.

The FFRDC ’s sponsoring agency has direct access to the

center ’s resources. Additionally, the sponsor typically

approves proposed undertakings of major or si~thficant

research and development activities of the FFRDC for i~ther

organizations [Ref. 20 , p. ix] .

it is important to remember tha t the Federal laboratories and

research centers exist in a balkanized sta t e , ac countable to a variety of

Federal agencies and subagencies (see Append ix B).  There is no inte-

grating management system, they are a fragme nted lot. [Ref. 6 , p. 81

B. THE SCOPE OF THE FEDERAL RESEARCH AND DEVELOPMENT
EFFORT

The p receding section attempted to give the read er a feel fo r th e

amount of assets that are dedicated to the Federal research and develop-

merit effort. “Shocked, ” “amazed , “ or “flabbergasted ” would not be

~
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inappropriate words to describe the usual reaction of people when they

are made aware of the magnitude ~f this effort. Their next reaction

might be to ask the following question, “Wha t is it all used f o r ?”  This

section will try to answer that question by describing for the reader the

scope of the Federal research and development effort.

The Federal research and development assets are used for basic

research, applied research and development. Basic research is directed

towa rd an increase of knowledge or understa nding in science by gaining

a fuller knowledge or understanding of the subject under study. App lied

research is directed toward the practical application of scientific knowl-

ed ge or understanding for the purpose of meeting a recognized need.

Development is the systematic use of scientific knowled ge and under-

standing, di rected toward the production of usefu l materials, devices ,

systems or methods , inc luding design and development of prototypes and

processes. Development excludes quality control , routine product test-

ing, and production (Ref. 15, p. 54]. In 1977 the Federal research and

development obli gations were divided between these three disciplines

approximately as follow s [Ref. 15, pp. vi , 4]:

Basic research 2. 7 billion (11 percent)

Applied research 5.7 billion (23 percent )

Development 16. 3 billion (66 percent )

Append ix C lists some of the areas in which Federally fu nded bas ic

research , app lied r esearch and/or development are carried out. This

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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list is indicative rather than exhaustive. Also, it is not a static list. It

changes when objectives change, needs (problems) change , new discoveries

are made, etc. The reader should take a good look at Appendix C to gain

an appreciation for the scope of the Federal research and development

effort. The reasons for the huge amount of assets dedicated to Federal

r esearch and development should become mor e apparent as the reade r

looks over this list.

Sources of information available to use in determining what the Fed-

eral research arid development efforts are, past and present , will be pre-

sented in a later section.

The number of inventions , disc overies , and development s that have

resulted from Federal research and development over the years is corn-

mensurate with the effort. Computers , jet transportation, microelec-

tr onic s, ant ibiotics , yellow-fever eradication, chlorination of water ,

helicopters , space communications , rada r and nuclea r power are but a

few examples . There are approximately 28 , 000 patents issued to the

Federal government at thi s time [Ref . 22], and Federa lly fu nded research

and development produces approximately 2, 500 new inventions each year

[Ref. 23) . Just as with the research and development effort , the scope

of these inventions and patents is extremely broad.

After reading this section on Federally Funded Research and Develop-

merit, it is hoped tha t the reader would agree tha t the Federal research

and development capability is both awesome and difficult to comprehend.
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III. FEDERAL TECHNOLOGY TRANSFER EFFORTS

A. BACKGROUND

Technology transfer has long been recog nized as a part of the Fed-

era l research and development effort , but not always by that name. Only

within the past few years has technology transfer been viewed as a pro-

cess which is far more encompassing than the limited view of earlier

years , i. e., dissemination of information. In 1947 the Office of Naval

R esearch established a Science and T echnology Project at the Library of

Congress, one of the functions of this organization was the exchange of

scientific and technical information. This organization has continued in

existence, under va r ious names, until the present . Today it is known as

the Defense Documentation Center (DDC) (Ref. 24 , p. ii]. In 1958 the

National Aeronautics and Space Act created the National Aeronautic s and
S

Space Administration (NASA) to ~~nduct the nation’s space exploration

programs. The act specified that NASA provide for the widest practical

dissemination of information concerning NASA ’s activities and their

results. This led to the establishment of NASA’s Technology Utilization

Program with its objective of facilitating the transfer of NASA technology

to other sectors of the nationa l economy [Ref. 11, p. 5; Ref. 25 , p. 1].

In 196 3 a Federal government report entitled the “Wei nberg Report ”

stated that the “Transfer of information is an inseparable part of research

and developm ent . ” (Ref. 24 , p.

L1 . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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In mor e recent years the Federal government’s interest in technology

transfer has risen because it is seen as a means of helping to solve the

nation’s many urgent problems . In his Special Message to Congress on

Science and Technology in 1972 the presid ent said :

“An asset unused is an asset wasted. Federal research and
development activities generate a grea t dea l of new tech-
nology which could be applied in ways which go well beyond
the immediate mission of the supporting agency. In such
cases , I believe the Government has a responsibility to
t ransfer the r esults of it s research and development activ-
ities to wider use in the private sector. ” [Ref. 26 , p. 420]

The passage of the National Science and Technology Policy, Organiza-

tion, arid Priorities Act of 1976 reflected a growing concern of the Con-

gress , and others , about the nation’s scientific and technical information

enterprise. Thi s law addressed scientific and technical information and

the dissemination or transfer of research results in 11 of its 45 major

sections [Ref. 27 , p. 1]. In the policy implementation section of Title I

the law states:

“It is a responsibility of the Federal Government to pro-
mote prompt , effective, reliable, and systematic trans-
fer of scientific and technological information by such
appropriate methods as programs conducted by non-
governmental organizations , inc luding indu st rial groups
and technical societies. In particula r , it is recognized
as a responsibility of the Federal Government not only
to coordinate and unify its own science and technology
information systems , but to facili ta te the close coupling
of institutional scientific research with application of
the usefu l findings of science. ” [Ref. 3, p. 31

The remainder of thi s section will be devoted to presenting descrip_

tions of some of the Federal agencies ’ efforts at technology transfer.
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B. MAJOR EFFORTS

There ar e numer ous Federal ag encies and subdivisions thereof that

have personnel and offices tha t are tasked with the technology transfer

function. Following is a desc ription of some of these efforts. There

will be no att empt to critique the appr opria teness or effect iveness of

these efforts in this section.

1. The National Technical Information Service

The National Technical Information Service (NTIS) of the Depart-

ment of Commerce had its origin in 1946 , as the Government ’s instrument

fo r channeling captured German and Japanese research and technology to

U. S. industry. At tha t time it was known as the Office of Technical

Services. In the mid 1950’ s, as Federal government research and develop-

merit efforts grew very lar ge , the mission was expanded to provide a ce n-

tral public access point for resultant technical reports.  NTIS was estab-

lished in 1970 as an information service organization “for making the

results of technical research and development more readil y available to

industry, bu si ness , and the general public by maintaining a clearing house

for the collec tion and dissemination of scientific , technical and engineer-

ing information. ” [Ref. 8, p. 20] NTIS undertake s and develops products

and programs having the potentia l for self-support which are appropriate

for government instead of private enterprise. The products and services

of NTIS are intended to increase the efficiency and effectiveness of the

U .S. research and development enterprise.  NTIS receives only minor

support through Congressional appropriation , it recovers about 90 pe r cent

25 
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of its costs from the sale of its products and services, ve ry much like a

business. [Ref. 281

NTIS is the centr al Federal source of U . S. and forei gn gover n-

ment sponsored r esea rch, development and engineering reports and other

analyses prepared by Federal, state and local government agencies ,

their contractors or grantees , and by Specia l Technology Groups. Fed-

eral agencies are required to submit such unclassified reports. Other

organizations , number ing in the hundreds , provide them through agree-

merits with NTIS. NTIS is also a central source for Federally generated

machine processable data files and ma nages the Federal Software Excha ng e

Center. The NTIS information collection includes over one million re-

search report titles , about 150 , 000 of which are of foreign origin and

‘k some 500 , 000 resulting from Federally sponsored research from 196 4 to

1977. About 70 , 000 new reports are added annually. NTIS is the only

central source of research reports and other analyses tha t are developed

by the vast Federal network of departments , bur eaus , and agencies.

All r eport s r eceived by NTIS are indexed, abs t rac ted , and

announced to the public through a variety of publications. It should be

remember ed that the user  mus t requ est and pay for these publications .

The basic NTIS announcement vehicle is a series of newsletters entitled

Weekly Government Abstracts. These abstracts provid e 100 , 000 readers

with summaries of research reports and other specialized information

within two weeks of receipt by NTIS from the orig inating agencies. These

abstracts provide maximum coverage in brief and convenient form at

L~~~~~~~~~.
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minimal cost. Presently there are 26 subject areas in the series. New

subject categories are added when subscribers ’ requirements are suf-

ficient to jus tify a new bulletin and allow for r ecove ry of pr oduc tion

costs. The Weekly Government Abs t ract s published now are Admi nist ra-

tion, Agriculture and Food , Behavior and Society, Biomedical Technology

and Engineering , Building Technology, Business and Economics, Chem-

istry, Civil Engineering, Communication, Computers , Cont rol and

Information Theory, Electrotechnology, Energy, Environmental Pollution

and Control , Government Inventions for Licensing, Health Planning,

Industrial and Mechanical Engineering, Library and Information Sciences ,

Material Sciences , Medicine and Biology, Natural  Resources and Earth

Sciences , NASA Earth Resources Survey Pr ogram, Ocean Technology
I, 

~~
‘- -.

and Engineering, Physics , Problem-Solving Information for State and

Local Government s, Transportation, and Urban Technology.

In addition to published bulletins and announcements , descrip-

tions of repor t s ar e stor ed in computer da ta base for retrieval on a

customized basis to satisf y a ve ry specific user information need and

ona  more general basis for anticipated users ’ needs.

NTIS distributes about 20 , 000 infor mation products daily, mak-

ing it one of the world’s leading processors of specialty information.

It ships its customers about fou r million document s and microforms

annually. Some other subscription items offered by NTIS are Tech Note s

(summaries of new applications for technology as developed by nine

Federal agencies and their contractors) .  Research Reports , Ae r ospace

~~~~~~~~~~ -- — --~~~~~~~~~~~~~~~~~~~~~~~~ —- --- ---- -~~~~~~~ ~~~~- - ~~~~~ -- ~~~~~~~~~-- ~~~~-- -
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Medicine and Biology, Report of Navy Research Laboratory Progress ,

Foreign Translation from the Joint Publication Research Service, For-

eign Broadcast Information Service , Internal Revenue Civil Tax Cases ,

Aircraft Accident Reports , Census Reports and Patent Subscription

Service (more will be said about Federal government patents and NTIS

in a later section).

The NTIS collection is the largest and best publically available

pool of widely varied research result s in the world. The best way fo r a

potential user of NTIS- information services to find out how NTIS can help

him or his organization is to contact NTIS persona lly. [Ref. 8, pp. 20 ,

21; Ref. 12 , p. D_ 6; Ref. 29, pp. 1, 2 , 7]

- - 
2 . Smithsonian Science Information Exchange

‘I 
~~~~ The Smithsonian Science Information Exchange (SSIE) was

established in 1949, then called the Medical Scienc e Infor mation Ex-

change , by six Federal agencie s en ga ged in the support of research in

the medical science. It is now operated as a nonprofit corporation by

the Smithsonian Institution. The SSIE assists in the pla nning and per-

formance of r esearch activi ties by providing up-to-date information

about research in progress. The Exchange is the major national source

for unclassified information on current and recently completed r esear ch

in all f ields of science , with emphasis on interdis ciplinary relationships.

The SSIE’s active file contains information on 200 , 000 current and

recently completed r esear ch pr ojec t s collected du r ing the last two f iscal
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years. The current file contains 20, 000 research projects in all areas

of social sciences research. Approximately 60 percent of the projects

on fi le are in the life scienc es and 40 percent in the physical sciences.

New pr ojects are added daily and projects continuing over a number of

years are updat ed annually. The SSIE compliments other scientific and

technical information services. By supplying information on ongoing

r esearch, the critical gap between the start of a r esearch pr oject and

the time its results are published is brid ged. This time period is often

measured in years.

More than 1, 300 supporting organizations provide SSIE with

timely project descriptions of high scientific quality . Research project

information, normally regis ter ed at the time work is funded , is supplied
-

4:
by virtually all Federal agencies engaged in basic and applied research,

state and local gover nment s, nonprofi t organizations , universities and

colle ges , and , to a more limited extent , individual investigators , private

industry, and fo reign research o rganizations. Approximately 80 per-

cent of the information is supplied by Federal government agencies ,

f rom both in-house and out-house research.

Information received by SSIE is classified, ind exed , and st or ed

in computers in such a manne r so as to provid e the flexibility to retrieve

project information in the variety of forms desired by it s users ’ . The

SSIE itself engages in research desi gned to improve methods for index-

ing, storage and retrieval of informat ion about ongoing research.

--- - —- - - -- - - -~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The basic record in the SSIE system is the single-page Notice

of Research Project (NRP). The NRP contains the following information

about each project: project title , supporting organization name and pro-

ject number , performing organization name and address , Name(s) of

the investigator(s), period covered , leve l of fu nding, and a 200-word

technical summary of the work to be performed. This information pro-

vides the user with an effective means for follow-up and an opportunity

to expedite the exchange of more detailed information about problems

encountered or preliminary results.

Some of the reasons individual investigators and research

managers use SSIE are to:

1. avoid costly, unwar ranted duplication of research effort

and expenditure;

2. identify possible sources of support for research on a

specific topic;

3. obtain leads to the publi shed literature, unpublished mono-

graphs , participant s for symposia, and the like;

4. identif y information to support grant or contract proposals;

5. stimulate new ideas for research planning in experimental

methods;

6. acquire data for use in technological forecasting and

development ;

7. survey broad areas of research to identify trend s and

patterns or to reveal gaps in overall efforts;



r’r 

Th’~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ —,_ .~-~~~~~~~~~~~~~~~~~~~~ -~~~~~~~-~~-~~~~~ ..~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --- —-. --- - - - -

8. learn about the current work of a specific investigator or

organization.

SSIE search services are provided only upon r equest and they

are priced to cover costs. Among these services are:

1. Custom Search, sea rch of the active file for NRP’ s on

specific subject s by performing organizations, specific

geographic area , or some similar criterion.

2. Research Information Packages , result s of SSIE conducted

searches of the active file on subjects of high current

interest.

3. SSIE Science Newsletter , contains newest research infor-

mation package titles plus article s of interest to the
A. -.

scientific community . Available on subscription.

4. Selective Dissemination of Information, regular updates of

custom searches or research information packages. Avail-

able on subsc r iption.

Other services include On- Line Search Service , Investigator Searches ,

and Historical Searches.

Searches may be ordered in person or by letter, telephone, or

cable. (Ref. 8, pp. 197-8; Ref . 12 , p. D-6; Ref. 30 , pp. 1-7; Ref. 31]

3. National Referral Center

The Nationa l Referral  Center (NRC) is a referral  servic e tha t

directs those who have questions conc e rning~~~y subject to orga nizations ,

groups , services , libraries, centers , or individuals from which or

~~~~~~~~~~~~-~~~~~~~- --- ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - ~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- -~~



- - - --- — - --
~~~~~

i :— :  -: - --- -—-——-—-- -- 

~~~~~~~~~~~~~~~~~~~ —--
~~~~ 

- ‘:~~~~~~7’~~~ ~
---

~~~~~~~
--

~~
---- 

- - - -

from whom authoritative information is available. The NRC is located

in the Library of Congress and it is a function of the Science and Tech-

nology Division. Operation of the center is financed by fund s appro-

priated by Congress; therefore , the services of the NRC are free, ex-

cept tha t its publications are sold by the Superintendent of Documents ,

Government Printing Office.

The NRC has three basic tasks:

1. inventory all significant U. S. information resources in

specia lized fields , including both the “for profi t ” and “not

for profit ” element s;

2. provide any individual or organization, on request , with

information regarding these resources;

3. compile and publi sh directories and other listing s of in-

fo rmation resources.

The referral center does not furnish answers to specific questions or

provid e bibliographic assistance (the center does furnish titles of abstract

journals , indexes , and director ies when they are particula r ly releva nt

to tne inquiry). Instead , it directs those who have questions to resources

that have the information and are willing to share it with others.

The NRC presently has a subject-indexed , computer ized file of

13, 000 organizations and individuals that make up the center ’s “informa ..

tion resources. ” The file description of each resource includes its

special fields of interest and the types of informat ion service it provides.

-

~
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The NRC file is maintained by professional analyst s and is used pri-

marily by the center ’s referral specialists. Thi s computerized file

is available through computer terminals located in some Library of

Congr ess reading rooms and to many Federal agencies nationwide

through a Department of Energy computer network called RECON.

The NRC actively seeks out and invites organizations and

individuals that have information in specialized fields to participate as

information resources. The criterion for registering an orga nization

is not size but ability and willingness to provide information to others

on a reasonable basis.

Requests for referral services are made by letter , telephone ,

or in person. The NRC encourages requests by telephone or in person

to allow for discussion and refinement of complex questions . The center

will accept requests on any topic. If a subject is not covered in the data

file, the center will attempt to locate new information resources.

The reply to a referral services request is usually in the form

of a computer printout and it contains the name s , addresses , telephone

numbers , and br ief desc riptions of appropriate information resources.

In each case , the response is individually tailo red to the specific request.

The NRC makes a sharp distinction between referral  and refer-

enc e ac tivities.

“The center ’s purpose is not to dup licate what libraries
and information centers are already doing and are or-
ganized and equipped to do; it hopes to go beyond that
both in variety and specificity - to make ever more

- - -- ~~~~ -~~ - - - -—~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -~~~~~~~~ -~~~~~~~~~~~~~~~~ -- ---- — 
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pr ecise linkages between the user and the place where
the highly specialized information tha t the user requires
is to be fou nd . ” [Ref. 32 , p. 127]

The NRC tries to establish the most direct contact possible between peop le

looking fo r information and those who can provide it.

Occasionally the NRC compiles directories of information re-

sources covering a broad area; Water , General Toxicology, Social

Sciences , Biological Sciences , and Physical Sciences , Engineering are

examples. These are published by the Library of Congress under the

gene ral title A Directory of Information Resources in the United States

with subtitles as listed above. These may be purchased from the Super~

intendent of Document s, U . S. Government Printing Office.

The NRC also issues informal lists of resources tha t have infor-

mation on specific topics, such as population, env ironmenta l education

and hazardous materials. These are available free of charge from the

center for as long as they last.

In 1974 the head of the Scienc e and Technology Division, Library

of Congress said the following about NRC publications:

“Publications should not be overemphasized; they are not
really paramount. The cente r heartily subscribes to the
conviction that scientific and technical information is most
effectively tran sferred from person to person , not from
media to peop le. NRC is therefore most concerned with
putting peop le in touch with people , with the communication
of fac ts and ideas directly f rom one huma n mind to another. “
[Ref. 32 , p. 129)

The NRC continually evaluates its services by fol low-up lette rs.

It has determined tha t users  receive the information they need about

82 percent of the time .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ - - - -~~~~~~~~~~-- -~~~~~~~~~ -
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A good analogy for the National Referral Center is to think of

it as a kind of technical equivalent of the telephone directory ’s “yellow

pages, ” directing inquiries to reliable , expert information on particula r

topics. [Ref. 32 , pp. 126 , 127, 129; Ref. 33; Ref. 34]

4. Federal Laboratories

As shown earlier, the Federal laboratories have amassed con-

siderable expertise and facilities that can be brought to bear on the prob-

lems confronting state and local governments and that can be applied in

the private sector. In addition, the products of the Federal laboratories

research and development efforts often have potential for use by state

and local governments as well as for commercia lization in the private

sector. In most cases the product must be adapted for “secondary

utilization. “

This section will cover the utilization or application of Federal

laboratory expertise by state and local governments and the private

sector. Section IV will cover the transfer of Federal government re-

search and develpprnent products to nonfederal users  for utilization and /

or commercialization.

The potential areas for the utilization of Federal laboratory

expertise is as broad as the expertise itself . State and local govern-

ment s face such real world problems as fire technology, systems anal-

ysis, crime detection, treatment of drug addicts , corr ections , building

standards, emission monitoring, product safety, environmental impact

assessment, power plant siting, automatic data processing, noise 
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abatement, fuel conserva tion, occupational safety and health , wetla nds

management, air quality control and coastal zone protection [Ref. 35 ,

p. 27).

The following was a policy position tha t came out of the 19 73

National Governors ’ Conference:

“The application of technology to the many significant
problems faced by the States today offer s considerable
potential for improved effectiveness in state government
policymaking and operations . Henc e, the National Gov-
ernors ’ Conference supports federal and state . ctions
designed to incr ease the att ention being paid to domestic
pr oblems by the research and development community of
the Nation, and supports the dedication of federal govern-
ment resources in support of problem-oriented research
designed to provide policy analysis and options to state
government decision-makers. ” [Ref. 35 , IFC] .

While state governments realize that the answers to many of

their problems lie in technology, their resources do not allow them to

develop the needed technology. State funds are almost entirely spent for

the purchase of proven technology with little remaining for resea rch and

development. Historically, the total funding fo r research and develop-

ment by all state s is only about one percent of the Federal allocation for

research and development [Ref. 15 , p. 13; Ref. 35 , p. 35]. It is not

unusual for the Federal government to contr ibute more fu nd s to the sta tes

for research and development than th e states themselves expend for tha t

same purpose [Ref. 35 , p. 31]. This is where the already exist ing Fed-

eral laboratory expertise can help.

The Federal laboratories also possess some unique capabilities

and expertise that nongovernment organizations , inc luding private

_ 
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industry, have requirement s for. Examples are numerou s types of test

ranges , deep submersible technology, and satellite technology.

The existence of two general types of Federal labora tor ies

require that the remainder of this section be presented in two parts,

civil-mission laboratories and special mission laboratories.

a. Civil-Mission Laboratories

A s pointed out earlier , civil-mission Federal agencies

have an inherent need to work closely with state and local governments ,

and in some ca ses the pr ivate sector , in the performance of their

missions. Ensuring the effective and efficient utilization of the various

civil-mission Federal laboratories is mainly a problem of determining

in what areas the assets of these laboratories will be applied so as to

- 
~~~~ maximize the benefits to the country. There is also the problem of

coordination of the Federal effort by these agencie s to prevent the waste

of Federal assets through duplication of programs.  The coordination of

Federal effort to prevent duplication applies to special-mission agencies

also. Due to the already mentioned fragmented nature of the Federal

laboratories , thi s coordination problem is no small task.

One way that civil-mission agencies attempt to determine

what research and development their laboratories will pursue is through

what is known as the Outreach Program. Thi s program utilizes the

division of the U . S. into ten Federal Administrative Reg ions . Utilizing

these ten regions is a recognition of the fact that state and local govern-

ment s are not carbon copie s of each other. Their problems , ins titutions , 

- . - - ~~~~~ .- -~~~~~~~~~~~ - --- ~~~~~~~ -~~~~~- - - -. ~~~~~~~~ --



-~~~~-..-, .-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .—~
------ -

~~
--- -~~ Z~~~LL

and capabilities differ widely. These differences must be understood by

research and development center s, or technology transfer arra ngements

may fail through misunderstanding and clumsiness. State and local

governments are not one, but many , markets for laboratory services.

In each reg ion there is a Federal Reg ional Council, made up of represen-

tatives from the various civil-mission agencies , whose job it is to identif y

the problems faced by the state and local governments that their agencies

can appropriately assist in solving . This is done by solici ting inputs f r om

governors , mayors and other state and local officials (fire chiefs , city

manager s, police chiefs , etc. ), conducting polls, conferences, meeting s,

etc. The empha sis is on personal contact. The result s of these efforts

are prioritized and sent to Washington.

The inputs from the regional councils are collected and

prioritized at the national level. The prioritization, at the reg ional and

national level, is governed by such thing s as the number of state and

local governments with a similar problem, the number of people that

will benefit , the urgency of the problem, etc. The civilian-mission

agencies then attempt to develop solutions to the problems that are

appropriate to their particular mission, within the constraint s of their

budget. Not all problems can be addressed. [Ref. 35 , p. 15; Ref. 36]

The Outreach Program is not the only means tha t Federal

civil-mission agencies use to determine needs of state and local govern-

ment s, nor is it the only mea ns these governments use to relay their

needs to the agencies. A number of agencies , like the Departmenb of

_
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Agriculture, have personnel located throughout the United States who

have, as one of their responsibilities, the determination of needs. There

is Public Technology Incorporated (PTI), a nonprofit , tax-exempt public

interest organization started in 1971 by six public interest group s repre-

senting state and local governments (Council of State Governments,

International City Manag ement Association, National Association of

Counties , National Gover nors ’ Conference , National League of Cities ,

and U. S. Conference of Mayors) ,  an institutional mechanism for apply-

ing available technologies to the problems of state and local government s

[Ref. 4, p. 25; Ref. 37 , p. 65]. There is the Urban Consortium for

Technology Initiative s, its primary function is to identif y and define local

research and development needs so that they can be effectively com-

municated to appropriate offices at the Federal level [Ref. 4 , p. 26].

There are other examples of collective state efforts to define problems

and to seek solutions with the help of the Federal government and/or

private industry. These efforts may be on a regional or a national level

and on a cont inuous or special purpose basis.

Once problems have been Selected for attempted solution

by the laboratories , it is widely recog nized that the state and local

government people should be involved in the effort to arrive at solutions

so that the social , political and economic environment in which the solu-

tions will be applied will receive appropriate consideration. The whole

process should be a cooperative , person-to -person effort. This has not

always been the case in the past nor is it always the case today. The

_ _  
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The following is a quote by a state legislator from tes timony before a

1975 U. S. House of Representatives hearing concerning the inter govern-

mental dissemination of Federal research and development results :

“Most federa l technology transfer efforts , including the
RANN ( Research Applied to National Needs) program of
NSF (National Science Foundation), as viewed from the
states ’ perspective could be typified as a “pu sh ” program~.
The states are viewed more as uninformed customers
rather than as an intelli gent user community, capable of
def ining their problems and thu s providing a focus for
“application” needs. “ (parentheses added) [Ref. 4, p. 18]

Federa l agency attempts at helping state and local governments with

their problems, although well intentioned , t oo often come acr oss as the

insensitive force feeding of hi gh technology solutions for perceived needs.

It is possible fo r a sta te or local government or a private

sector organization (profit or nonprofit) to fu nd research and develop-

ment in a civil-mission agency laboratory; however , an extensive pro-

cess of approvals and bureaucratic decision_making must ensue before

a laboratory can undertake any work [Ref. 35, p. 22]. More will be said

about this type of activity in the following section on special-mission

Federal laboratories. Suffice it here to say that it is easier for civil-

mission type laboratories to gain appr oval for this kind of work because

it is specifically their agencies ’ mission to work in the civilia n (non-

federal) area.

The problems depicted above and the coordination and

duplica tion problems are technology transfer probl ems. These prob _

lems are recognized and efforts are being made to improve the situation.

~~~~~~~~~~~—--~~~~~~~ .- ~~~ -~~~~- - - - —- . - - - -~~~~~ - -~~~~---~~
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b. Special-Mission Laboratories

2
: The special-mission Federal agencies (DOD and NASA )

possess a vast array of laboratories. These laboratories generally

require a higher technology than the civil_mission laboratories and they

do not have an inherent need to work with state and local governments or

the private sector The expertise and facilities of these laboratories

were described earlier. The DOD laboratories comprise a large per_

centage of the special-mission Federal laboratorie s, therefore , this

section will be concerned with DOD laboratorie s only. The NASA efforts

in technology tra nsfer will be desc r ibed briefly in section III. B. 5.

When talking about technology transfer and special-mission

laboratorie s it is important to remember that special-mission labora-
f t .

tories are just that - special mission. The mission of the DOD and its

agencies is to provide for the nationa l security. The definition of

“nationa l security-” can be a thorny issue . DOD agencies tend to view

their national security mission in national defense , militaristic terms .

Other government agencies and private sector organizations (profit and

nonprofit) tend to view it more along the line s of national welfare. When

considering the use of DOD laboratory capabilities for solving pressing

human problems, the following quote reflects the prevailing view of

state and local gover nment s, “Pinned down to their national security

mission only, they are not being utilized in the true sense for ‘national

security ’ purposes if that term is understood to equate with national
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The president’s message to congress in 1972, referred to

earlier , in which he called for finding ways of assur ing state and local

governments adequate access to the technical resources of major Fed-

eral research and development centers was a milestone in the effort to

increase the use of these laboratories in seeking solutions to problems

facing all levels of gover nment and private organizations. Secondary

utilization of research and development was also addressed in a 1972

memorandum by the Deputy Secretary of Defense to all military services

as a means of enhancing the productive output of DOD ’ s r esea rch and

development effort [Ref. 38, p. iii].

-: One of the ways tha t DOD laboratories attempt to utilize

their expertise for the benefit of other government agencies and the

private sector is to undertake , to the maximum extent possible but con-

sistent with their national security mission, programs that have hi gh

potential for secondary utilization. Products tha t result from such effort

must then be transferred to the secondary user , this pr ocess will be

discussed in Section 1V . Another way is fo r Federal laboratories to

contract to perform work for other government agencies and private

sector organizations.

There are a number of guidelines to be considered before

a DOD laboratory can contract to perform such services; they are:

1. the laboratory must possess unique expertise and/or

fa cilities.
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2. the intended effort cannot interfere with mission effort ,

i. e., compete with mission projects for personnel or

equipment. Staff or facilities will not be added for

such work.

3. the laboratory will not compete with competent private

groups or industries that can do the job . The objective

is to stimulate and assist the indus trial sector , not

inhibit or discourage it.

4. becau se of the unique capability, the laboratory must

be able to perf or m the work at a significant savings in

time and dollars over private sector organizations (at

least ten percent less in cost).

5. the total level of effort applied to mission-oriented,

non-a gency problems will not exceed three percent of

the professional man-years at tha t laboratory without

approva l from above the laboratory director level ( 1974

Director , Defense R esear ch and Eng ineering memo-

randum).

6. such work will be performed on a reimbursable basis ,

including a realistic overhead cost.

In a DOD laboratory approva l to contract for such work normally come s

from the director or a lesser official , depending on the size of the pro-

jec t. As can be seen from the guidelines above , the person approving

such a contract will have to make a number of judgmental decisions.

(Ref. 35 , pp. 7, 12 ; Ref. 36]
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A recent situation presents an example of state govern-

ment s and private industries seeking assistance from a DOD agency.

In early 1978 there were two incidents of explosions in ver y la r ge grain

elevator s which r esulted in millions of dollars of damage and the loss of

about forty lives. The governors of a number of states where such

facilities are located are seeking the assistance of the U. S. Army in

determining the cause of the explosions and resolving the problem.

Why the Army, because it has considerable expertise in defuzing explo-

sives and explosive environments which may prove ver y helpfu l in this

situation. The Army will be reimbursed for its efforts [Ref. 36].

Except for the debatable effects of the Mansfield Amend-

ment on DOD laboratories , there appears to be no legal impediment to

the wider use of Federal research and development laboratories and

research centers in assisting state and local governments in applying

technc logy. Services for other Federal agencies are permitted under

the Economy Act. In the case of DOD laboratories, the so-called

Mansfield Amendment prohibit s the use of Federal funds  for research

and development not directly pertinent to the nationa l security mission.

However , with the policy of reimbursement of costs the Mansfield

Amendment is not the barrier to technology transfer that it is alleged to

be. [Ref. 35, pp. 8, 9; Ref. 6, p. 5].

A barrier that many do perceive to the acceptance of re-

sea rch a nd devel opment wor k f rom state and local governme nts and
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the private sector is personnel ceilings. There is concern in DOD that

accepting such woric while under the restriction of pe rsonnel ceilings

will dilute the defense mission of the DOD laboratories. Mission priori-

ties drive out desirable but discretionary efforts. Even if a laboratory

were able to perform its mission and do a limited amou nt of “contract ”

work, there is the fear tha t the assets devoted to such work will be

viewed by higher levels of management as excess to mission need s and

therefore subjec t to “removal” in a budget squeeze. While such fears

may seem fa r fe tched to the reader , they are very real to laboratory

management. It is a fact that there are DOD laboratories that discourage

contract work with state and local governments and the private sector

for just such reasons. [Ref. 35 , pp. 8, 12 ; Ref. 36]
ft

There is an alternative to the use of Federal laboratories,

that is the use of Federal contract laboratories (or Federally Funded

Research and Development Centers).  These laboratories have unique

characteristics that make state, local and private sector projects

feasible. Because these laboratorie s are not directly government

operated they are not restricted to manpower ceilings ( except by

budget considerations) or by Civil Service restrictions . They can

therefore be more aggressive in pursuing inte rg overnmental and private

sector projects ; however , they must be ca r eful not t o compete with pri-

vate industry in the private sector. [Ref. 35, pp. 33, 42]

For whatever reasons , the Federal laboratories , both

civil-mission and special-mission, have not and are not doing a
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“landoffice business ” with state and local governments when it come s to

contracted research and development work. It is estimated that in 1977

state and local governments “accou nted for only one percent of the Fed-

eral research and development total. ” [Ref. 15, p. 13]

5. Others

As a developer of new technology, the National Aeronautics and

Space Administration (NASA) is probably more directly tasked with the

transfer of its technology tha n any other such agency. The need to maxi-

mize the utilization of the vast amount of scientific and technical knowl-

ed ge that is generated by NASA was recognized from NASA’s incept ion

in 1958. This fact led Congress to call for the following in the 1958 Space

Act , “long-range studies of the potential benefits to be gained from , and

-‘ i the problems involved in, th e utilization of ae ronautical and space ac-

tivities for peaceful and scientific purposes. ” NASA was charged with

the obligation to “ ... pr ovide for the widest pr ac ticable and appropriate

dissemination of information concerning its activities and the results

thereof . ” [Ref. 8, p. 153] NASA performs its technology transfer

function in a number of ways . Some of them are described below.

The Technology Utilization Program attempts to ensure that

new space technology is brou ght to the attention of other Federal agencies ,

state and local governments and private industry so it may be adapt ed

and applied for the use r ’s be nefit. Flexibility and responsiveness to

the us er ’s needs are underlying features of thi s program ’s major

elements . Some of these element s are: 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~- - . - - - - -



- 

~~~~~~~~~~~~~~ —i- 
~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ -~~~~ -,,~~ --—-- ---- i’—~~

- 
~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~

1. New Technology Identification and Eva luation. New in-

novations and developments are evaluated and announced as

publicly available , if appropriate , in NASA Tech Briefs.

A separate section of these briefs focuses attention on

innovations believed to have potential for commercialization.

2. Industrial Application Centers (lAG ’s). Six centers located

at universities across the country that provide all users

with retrospective searches , current awa r eness searches ,

and technical assistance designed to help industry apply

the results of existing research and technology. Experienced

“technology coordinators” are placed at several of these

centers to match pr oblems posed by users  to appropriate
ft

NASA scientific and engineering expertise.

Other elements inc lude the Computer Software Management and In.forma-

tion Center and the Public Sector App lication Teams , which include

engineering.

Technical Application Programs meet specific , identifiable

civil needs. The systems developed are within the mission responsibility

of other government agencie s and must receive their support to be put

into operational use. [Ref. 8, pp. 153-7]

NA SA has received a consid erable amou nt of publicity over

the years concerning the benefits to the nation that have resulted from

“spin-off s ” and secondary utilization of NASA generated technology.

_ _  ~~~~~~~~~~~~~ . ,
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As demonstrated by the following quote, from a 1977 NASA administra-

tion letter to all center directors, the importance of the technology trans -

fer effort is not lost on NASA officials:

“The success of the Technology Utilizat ion Prog ram can
have a major bearing on the support we receive for our
flight programs and for NASA itself . This has been well
illustrat ed in several of the Congressional hearing s during
this year ’s budget review. ” [Ref. 25 , p. 1)

Another organization active in promoting the transfer of tech-

nolo gy is the Federal Laboratory Consortium for Technology Transfer.

The consortium is an informal organization of 71 major Federal research

and development laboratories and centers representing the Department

of Defense , Department of Transporta tion , Natio nal Aeronautics and

Space Administration, Depar tment of Commerce , and the Department of

Energy. The consortium had its beg inning as the DOD Laboratory Con-

sortium, in 1973 , it enc ompassed 21 laboratories [Ref. 35 , p. 27].

Today the consortium is open to all Federal agencies and its membership

is increasing steadily. The purpose of the consortium is to increase the

use of membe r laborat ories ’ unique technical expertise and research

and development products to help solve problems facing our government

agencies , all levels , and private industry.

Technolo gy transfer is accompli shed in a variety of ways by

the consortium. DOD laboratories perform civilian oriented research

and development , fund s provided by the requesting or ganization, based

on earlier research performed for military purposes. Non-DOD

_ _ _ _ _  ~~~~~~. - -~~~~~- --- -
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laboratories attempt to increase the use of their research results by

decision makers and operational agencie s in the public and private

sectors. Scientists are temporarily exchanged between the Federal

agencies and between Federal and local gove rnment organizations through

the provisions of the Intergovernmental Personnel Act of 1970. Member

laboratory personnel assist state and local governments by serving on

scientific advisory boards , acting a s consulta nt s to specialized group s

(such as law enforcement), providing library services , and identif ying

sources of surplus government equipment .

Each of the membe r laboratories has a technology t ransfer

coordinator. These individuals are the points of contact for technology

transfer matters at the laboratories. These individuals maintain con-

tact with their counterparts in othe r consortium laboratories and in other

Federal agencies which have technology transfer programs but are not

consortium members. They are also frequently exposed to new tech-

nologies developed by private organizations and state and local govern-

ments. Because of the above mentioned activities , these technology

transfer representatives become familiar with a variety of technical

resources beyond their own laboratories. With this familiarity the

representatives can often bring together the user that has a problem with

those who have already solved it , or who are working in tha t area. Thi s

“technology broker ” type service has been very usefu l to state and local

governments who are often unaware of the scientific support available in

the Federal laboratories. [Ref. 39] 
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The Federal Laboratory Consortium for Technology Transfer

has a perma nent representative in the Office of Intergovernmental

Sciences and Public Technology, Na tional Science Foundation. The

consortium member laboratories, each with its consortium represen-

tative, are located in appr oximately 32 states. These representatives

make the consortium more accessible than most technology transfer

organizations.

The consor tium is funded mainly by the member laboratories;

however , some support from the National Scienc e Foundation is

received.

The consortium effort could best be described as an informa l,

per son-to-person technology transfer effort.

There are many more Federal agencies , mostly civil-mission

but also some special-mission, that engage in various technology trans-

fe r e~Iorts; however , the fore going examples acquaint the reader with

som€ of the things being done .
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IV . PATENT POLICY AND TECHNOLOGY TRANSFER

A. GENERAL PATENT POLICY

The Constitution of the United States states that “Congress shall have

power ... to pr omote the progress  of science and u sefu l ar ts , by secur-

ing for limited times to the authors and inventors the exclu sive right to

their respective writing s and discoveries. ” [Ref. 40 , p. 3] The first

patent law was enacted in 1790. Through the years the patent laws have

been modified, revised, and rewritten. The law presently in effect was

enacted in 1952 . This law states that any person who “invents or dis-

cover s any new and usefu l p rocess , machine , manufacture, or any new

and useful impr ovement s thereof , may obtain a patent , ” subject to the

conditions and requirements of the law [Ref. 40 , p. 3]. This section

will not address the conditions and requirements of patent law , it will

address the intent and effect of patent law.

The purpose of the patent system is to encourage invention and in-

nova tion and the resulting economic development benefits to the nation

[Ref. 41, p. 65]. The individuals and institutions that possess patent-

able inLentions may very well have invested considerable time, effo r t

and I91oney in developing them. “If they could not recover their invest-

ment and make a reasonable profi t , what incentive would there be to

pursue ideas and concepts which could lead to inventions for the better-

ment of all mankind? “ [Ref. 42, p. 33] The objective is to gain the

~~~~~~~ - -  - _ - .
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maximum benefit from each technological development for society while

also creating a fertile environment for continuing technical advancement .

The framers of the Constitution felt that the grant of a limited monopoly

to an inventor would result in a much greater benefit to society than to

the inventor.

There are few that would not agree that the granting of patents by

the Federal government has resulted in great benefits to the nation.

The following quotation expresses tha t viewpoint:

“Our current patent policy is an expedient to ... tech-
nolo gy transfer. Our patent system was created to
benefit socie ty. It is only in the public ’s int eres t s that
patents are granted. Technological progress has been
shown to be greatest when the invent or is g iven a reward
for his efforts. Our patent policy is to reward the in-
ventor in the form of a limited monopoly; in excha nge , ,!‘

their technology is transferred into public d o m a i n . . .
The pr inciple underlying all gover nment actions by

which our pr esent patent system has evolved , is to
serve the public through technolo gy t ransfe r .
[Ref.  42 , p. 43]

The role of the Patent and Trademark Office of the U. S. Department

of Commerce is to assist and encourage the development of the business

and industry of the United States. By providing patent protection for

invent ions , by advising and assisting other agencies of the government

in matt er s involving pat ent s and invent ions and the t ransfe r of tech-

nology, and by the preservation, ~lassifica tion , and dissemination of

patent information, the Patent and Trademark Office aid s and encourages

innovation and the scientific and technical adva ncement of the nation.

,

~ .
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The U. S. Patent Office has information on file on over four million

domestic patent s and seven million foreign patents. This patent infor-

mation is ca r efully defined by technical categories. These patents can

be searched by subject categor y only through the Washington , D.C. area

Patent Off ice.  The Patent Office provides numerous publications and

services to assist the gene ra l pub lic and other users in searching and

reviewing this vast amount of readily available infor mation. Such ef-

fo rts can be utilized to provide fa miliarization with prior approache s

to r esolve a particular pr oblem, to evalua te the novelty of a proposed

app roach to a problem, and to ident ify approache s which may be covered

by patents. The knowled ge gained can result in cost saving s by avoidin g

ft 
the unnecessary expense of duplicating the previous efforts of others

and possible patent infringements. [Ref. 12 , p. 2- 13; Ref. 40 , p. 16]

B. GOVERNMENT PATENT POLICY AND FEDERAL RESEARCH AND
DEVELOPMENT

1. Federal Laboratories

There is no doubt tha t pa t ent ri ghts in inventions resulting

fvo m Federally fu nded r esearch and development conducted in Federal

labora tories and rcsearch centers belong to the government. The

eva lua tion of government patent s for commercialization and secondary

u tilization and the methods to achieve those ends will be presented later.

Inventions that ori ginate in civil-mission laboratories will

usua lly have direct civilian app lication due to the type of research and

development that these laboratories undertake. They may also have

~~~~~~~~ secondary utilization potentia l.

-- -
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Inventions that ori ginate in special-mission laboratorie s are

almos t never in a form so that they may be transferred dire ctly to the

marketplace and usefully app lied. There is almost always a need for

product modification. This usually involves considerable technical and

fi na ncial risk. [Ref. 8, p. 155; Ref. 13, p. 2 0] Special-mission lab-

oratories a re ve ry seldom funded for such effor t simply because it is

not seen as part of their mission, and the laboratories often do not

desire to do such work for fear it will dilute their special-mission

efforts.

2 . Federally Funded Private Sector Research and Development
Contract s

For over thirty years there has been a controversy over what

the Federal gover nment ’s policy should be with r espec t to patent ri ghts

in inventions resulting from Fede rally funded research and development

contracts with private sector or ga niza tions , profit and nonprofit. Pre-

sent ly there is no general legisla tion tha t controls all Federal agencies

in the disposition of ri ghts to such inventions . Federal agencie s have

widely va rying policies with regard to taking title to patentable inven-

tion s made under such contracts; however, these can be generally grouped

und er two policies , the so-called “t itle ” and “license ” policies. Under

the “title ” policy the government takes title to the ri ghts in these inven-

tions (1. e . ,  patents) and then allows private interests to utilize the in-

ventions through licensing . Under this policy the government may

choose not to patent the invention, bu t to publi sh it instead and thereby
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make it available to anyone and everyone. The “title” viewpoint is

basically that any inventions which result f ro m Fede rally funded r e-

search and development should be the property of the government. To

give companies the rights to such inventions is in effect a double charge

on the public : first  for the research and then for the monopoly profi t s

resulting from such “giveaways. ” Und er the “license ” policy the con-

tractor is given title to the right s in the inventions , with a royalty-free

license r etained by the gover nment ; however , there is no obliga tion on

the part of the contracto r to let other qualified applicant s have access

to the products of government funded research. The “license ” viewpoint

is that the public will best be served by this type contract because the

~~~~~~~ft 
mos t qualified contractors will compete for the contracts and because

private industry is bes t equipped for developing and promoting such

inventions . Whatever the policy, it must be delinea t ed in the contract

in the form of a patent clause.

In 1963 Presid ent Kenned y issued a Statement of Government

Patent Policy which took the po sition that one sing le patent policy was

not appr opria te, a more flexible policy was required. This stateme nt

took a middle ground approach to the “title ” and “license ” policies and

desc ribed in general terms those condit ions und er which the govern-

ment would take title and those under which it would onl y take license.

A 19 71 presidentia l statement on the same topic , a slightly modified

ve rsion of the 1963 statement , now guides Federal patent policy with
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respect to the disposition of right s to inventions made under Government

sponsored contrac ts and is implemented by the regulations of various

agencies. This statement z~eco gthzes the inventions in scientific and

technological f ields resultin g f rom such contr act s as a valuable national

resource and states that:

“The public interest in a dynamic and efficient economy
requires that efforts be made to encourage the expedi-
tious development and civilian use of these inventions .
Both the need fcr  inc entives to draw forth priva te m i -
t ia tives t o this end, and the need to promote healthy
competition in indus try mus t be weighed in the dis-
position of patent rights under Government contracts. ”
[Ref. 43, p. 1076]

The position is that the ownership of inventions resulting from r esea rch

and development contracts cannot be determined in advance by an arbi-

trary or fixed rule but must be decided in each instance in accordance

with the facts involved. [Ref. 41, p. 12 ; Ref. 44 , pp. 2 , 3]

The patent policy with respect to inventions developed under

government contracts requires the responsible offi cials in the numerous

Fede ral government agencie s involved to interpret the general policy

and to make many jud gemental decisions . In each instance the ultimate

criterion to be used is “what wou ’d best serve the public in te res t?”

Given the complexity of the situation and the latitude that exists , it

should not be su rpr ising t o find the widely varying policies that are in

effect.

Considering the fact that over ha lf of the Federal gov ernment ’ s

research and development effort , $26 billion in 1978 , is contrac ted out

-.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . .~~~~~~~~~~~
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to private industry, the “stake ” that the public has in r e sult ing inventions

is not insignificant.

3. Government Patents

Federal laboratory employees are required by law to report

fully any new technology they develop in the course of their work. Con-

t ractors doing research and development for the Fede ral government

are required by their contracts to do the same . The reason for thi s

requirement is so that the new t echnologies can be eva luated for fu rther

government applications , patenting , adaptation for secondary utilization,

and commercialization. The main objective is to achieve optimum tech-

nology utilization. A secondary reason , which actually result s in more

government patent s , is to protect the Federal government f rom futur e
ft .

s cla ims for royalty payments.

In Federal ag encies , especially special-mission type , the

motivation to report and export for commercial consumption the tech-

nology developed in suppor t of public policy and projects is lacking.

The primary urge of these scientists, once a pr oject is completed , is

to “get on with the next one. ” [Ref . 37 , p. 54] In addition , the bureau-

cra tic , red tape, pape r work shuffle that the inventor must go through

to report an invention (an invention he ve ry often considers trivial and

— insignificant) is a demotivating factor [Ref. 45].

All Federal agencies that sponsor research and development

have a procedure by which they evaluate new inventions deve loped.

~~~~~~~~~
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Thes procedures vary between agencies. It is up to the individual

agencie s how they will publish and promote those inventions which are

evaluat ed as having potential for wider use, secondary utilization and/or

commercialization. An invention may be made generally available by

publicat ion, known as dedication, or it may be made available through

licensing after bei.-~g patented. Each agency patent s its own inventions .

Licensing may be exc lusive or nonexclusive and royalty bea r ing or

royalty f ree. Whatever the method , the rational is that Federal govern-

ment inventions normally will best serve the public interest when they

are developed to the point of practical application and made ava ilable

to the public in the shortest possible time so as to assist in the accom-

plishment of th e national objective to achieve a dynamic and efficient

economy [Ref. 46 , p. 1].

When an invention is patented , the granting of a nonexciusive

license is gene rally prefer able since the invention is thereby laid open

to all interested parties and serves to promote competition in industry.

However , to obtain commercia l utilization of an invention , it may be

necessary to grant an exclusive license for a limited period of t ime,

nor mally not to exceed five year s , as an incentive for the investment

of risk capital to achieve practical app lication. Whenever an exclusive

license is deemed appropriate, it must be negotiated on terms and

condi tions most favorable to the public interest and only af ter :

58 
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1. The invention has been publi shed in the Federal R egis ter ,

the Official Gazette of the U. S. Patent Office, and at least

one other publication, as being available for nonexclusive

licensing for a period of at least six months;

2 . it has been determined that the invention may be brought to

the point of practical application by exclusive licensing and

that the desired practical application is not likely to be

achieved expeditiously in the public interest under a non-

exclusive license or as a result of further Government

fu nded resea rch and development ;

3. the notice of the prospective exclusive license has been

published for at least 60 days. [Ref. 47 , pp. 3329_ 30]

Royalty fees are not normally required from licensees because such

fees would be passed on to the public in the form of hi gher prices for

resultant products.

An application fo r nonexclusive license will contain, among

other things, a statement of the purpose for which a license is desired ,

a brief description of the applicant ’s plan t o achieve that pur pose , and

some indication of how the granting of a license would be in the public

interest. In addition, an application for exclu sive license will indicate

if the applicant is a U. S. citizen, identify any other exclusive licenses

or license applications held , and provide a statement of capability to

undertake the development and marketing required to achieve the

~~~~
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practical application of the invention and the intention to perform such

acts.

“In selecting an exclusive licensee, consideration shall
be given to the capabilities of the prospective licensee
to further the technical and market development of the
invention, his plan to undertake the development, the
projected impact on competition, and the benefits to
the Government and the public. Consideration shall be
given also to assisting small business and minority
business enterprises as well as economically depressed ,
low income, and labor surplus areas, and whether each
or any applicant is a U. S. citizen or corporation. ”
[Ref. 47 , p. 3329]

Licenses are subject to reservations. As a minimum, nonexciusive

and exclusive licenses will be revocable and provide for royalty free

reservation rights in the invention to the United States Government .

The National Technical Information Service (NTIS) is the

central government information source for all government inventions.

There ar e over 28, 000 government owned patents. The NTIS has some

16, 000 of these patent s issued from 1966 throug h 197 4 cataloged and

available for licensing. The patents cover all field s of science and

technology and many have applications beyond their original design;

however, only a small percentage of these have been commercialized

or put to wide use.

Since 1972 all government agencies submit their new inventions

to NTIS when they file for a patent and again when patents are issued.

All the se inventions are listed in a weekly NTIS illustrated newsletter

entitled Government Inventions for Licensing . All inventions are
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evaluated by NTIS and the most commercially promising inventions ar e

summarized in another publication, Selected Technology for Licensing.

More tha n 2 , 000 government inventions are patented annually by the

government and processed by NTIS. On selected inven tions , N TiS

obtains for eign patent protection to provide U. S. fi rms with a more

attractive licensing package and to insure roya lty income from for ei gn

users if no U. S. firms are interested in the foreign markets.

Since NTIS started evaluating government patent s for com-

mercial application in the early 1970~s, it has co ntinually tried to im-

prov e its evaluation system. The quality and quant ity of the invent ions

that are eventually t ransfe r r ed to society is directly related to the level

-- 
ft 

of sophis tication of the screening device employed. The initial screen-

-‘ ing device assumes even grea ter impor tance when the cost of com-

rnercialization of an invention is compar ed to the cos t of invention

itself . As a general rule of thumb, the cost of developing and com-

mercializing a new invention is ten to 100 times as expensive as attaining

the invention, and l here is no guarantee that the new product will be

successful in the marketplace [Ref . 12 , pp. 2-8, 9]. The NTIS has

contracted out a number of studies in an effort to improve its evalua-

t ion sys tem and it will ver y shortly contract out for additional evalua-

tion capability to supplement its in-house capability. [Ref. 22]

In addition to Department of Commerce inventions , custody of

inventions from other department s may be t ransferred to NTIS for
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promotion, foreign filing) and licensing. Where inventions have not been

assigned to NTIS, prospective licensees are referred to the appropriate

agencies.

NTI S promotes licensing through seminars , exhibits, and direct

contact with prospective licensees. Nominal fees and royalties are

normally charged to permit NTIS to operate its patent program on a

self-sustaining basis. [Ref. 29, pp. 14, 15]

About one government patent in ten is selected for promotion by

NTIS, about one in 100 is selected for “heavy ” promotion. In 1’ “~~~ about

150 government patents were licensed by all Federal agencies out of

over 2 , 000 government patent s issued. [Ref. 22]

• Although the number of patent s issued should not be considered

• the sole indicator of research and development effectiveness and effi-

ciency, it is interesting to note tha t in recent years the proportion of

patents issued to the Federal government on a year ly basis was less

than five percent of the total number of domestic patents issued [Ref. 48,

p. 41]. In the same period the Federal government provided about 65

per cent of all funds spent on research and development in the United

States.

The patenting of inventions that result from Federally funded

research and development provides the government with a means for

moving technology from the public sector to the private sector.

-

~

--  
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V . THE NATIONAL SCIENCE AND TECHNOLOGY POLICY,
ORGANIZATION, AND PRIORITIES ACT OF 1976

In May 1976 the National Scienc e and Technology Policy , Organiza-

tion, and Priorities Act was signed into law. This act created the Office

of Science and Technology Policy (OSTP) in the Executive Office of the

President to provide advice on the scientific , engineering , and technical

aspects of issues that require attention at the highest levels of govern-

ment [Ref.  3, p. 5]. This act had numerous provisions addressing

technology t ransfer and there were many who predicted tha t it would

strengthen the emphasis on technology transfer and provide the central-

ized Federal direction and coordination with respect to re search and

~
.

development and technology transfe r that had been lacking in the Fed-

eral government agencies and between those agencies and state and

local governments [Ref. 49, p. 25]. It should be noted tha t OSTP does

not have direct authority over other Federal agencies , it is an advisory

office to the president. OSTP policies would have to be is sued in an

executive order to be binding on Federal Executive agencies. OST? has

a working relationship with other Federal agencies and state and local

governments. The duties of OSTP inc lude the following [Ref. 27 , p. 22]:

1. “Ga ther , analyze and interpret timely and authoritative
information concerning significant development s and
trends in science and technology ”

- -  
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2. “U tilize , to the fullest extent possible , the services~
personnel, equipment, facilities and information
of public and private agencies and orga nizations, and
individuals, in order to avoid duplication of effor t and
expense”

Two groups created within OSTP are listed below with their mem-

ber ship and a general description of their objective.

1. Intergovernmental Science , Engineering, and Technology

Advisory Panel:

Director of the National Science Foundation plus ten or

more members from states.

“Advise and assist the Director in identif ying and
fos tering policies to facilitate the transfer and
utilization of research and development results
so as to maxim ize their application to civilia n
needs” [Ref. 27 , p. 22].

,ft-

2. Federal Coordinating Council for Science, Engineering, and

Technology:

Thirteen members , one each from the major Executive

agencies (DOD , NASA, HEW , DOA , etc . ) .

“Achieve more effective utilization of the scientific , engi-
neering and technological resources and facilities of
Federal agencies , inc luding the elimination of unwar-
ranted duplication” [Ref. 27 , p. 22].

The 1976 act also established a committee to conduct a two year

comprehensive survey of all aspects of Federal research and develop-

ment activity, including technology transfe r (Ref. 27 , p. 1].

It is too early to tell if the National Science and Technology Policy,

Organization , and Priorities Ac t of 1976 will achieve its objectives

- -- . —- --
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and/or live up to the expecta tion some hold for it. In addition to being

a very new organization, key personnel in OSTP changed with the in-

coming of a new president in 1977.

There are some who would argue that although further study and

policy guidance are required , what is needed now to increase science

and technology utilization through technology transfer is more positive

action. They would point toward development of specific approaches

through legislative action [Ref. 4, p. III] . They would point out that

there have been many studies completed already and many policy state-

ments made and tha t there already exists some agreement on what

needs to be done . What is needed now , in the p lace of “lip service , “

ft • 
is some fu nd ing, personnel, and stro ng top management support to do —

those things. At a time when they are having to more completely justify

their funding request s, special-mission agencies are especially wary

of policy statement s which encourage discretionary programs that are

not backed by such support. The passive techniques of technology trans-

fe r in the Federa l sector must continue (collecting, sc reening, ind exing,

storing, and disseminating scientific and technical information);  how-

ever , more emphasis on active methods is required (problem definition ,

adaptation for secondary utilization , and a stronger Federal government

patent program).  The primary mechanism for technology transfer

still remains persona l relationships. “Given the nature of the technology

transfer process , which is eyeball-to_ eyeball , docume ntation strategies

- - - - - ____  
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are only facilitative of the mainline reliance on person-to-person

interaction. “ [Ref. 35, p. 21]

Technology transfer is an “infant profession, “ much needs to be

done to make its various functions fit together as a whole structure.

The people involved in technology transfer must have, as a common

denominator, “an active interest in seeing that useful technology does

- not lie fallow - that it be identified and used in the best way to help

- 
mankind help itse Lf. ” [Ref. 9, pp. 5, 7].

hi’
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66



_ _ _ _ _ _ _ _  

-- 

~

-- - - - - - - - —
~~~~~

•- - - - ---
~~
- -

~~~~~~
-
. 

-

VI. SUMMARY

The United States faces a multitude of p roblems which pose potential

threats to its position in the world hierarchy and the standard of living

and well being of its citizens. These problems are complex and broad

based. They affect all levels of gove rnment and the private sector. The

nation possesses the assets to successfully cope with its problems, and

very important among these are its science and technology capabilities

and potential. However , the outcome of the nations efforts at solving

its problems is not assured. The magnitude of the problems , both in

numbers and difficulty, requi res the efficient and effective utilization

of this nation’s resources so as to optimize the solutions . The solutions

- 
- . 

that are sought from science and technology will come from research

and development, and whether or not these solutions achieve their

‘ ptimum utilization will depend to a great extent on how well they are

“moved” to the problems . Therein lies the role of technology transfer ,

moving the solutions and potentia l solutions to the appropriate problems.

Thi s paper has examined how the Federal government and its ag-

encies perform their technology t ransfer  function. The magnitude and

scope of the Federal government ’s research and development efforts

were de monstrated and some of the method s employed to t ransfer

technology, a~ defined on p. 11 , were presented. It is hoped that the
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reader has gained an appreciation and an understanding of the need for

and the objectives of the Federal government’s technology transfer

efforts.

I 1~
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APPENDIX A

TECHNOLOGY TRANSFER AND UTILIZATION

— The basic process of technology transfer and utilization is applicable

to the products of research and development from federal laboratories ,

universities, research institutions, industrial laboratorie s , and other

sources , whether or not such activities are supported in whole or in

part by federal contracts or grants [Ref. 13, p. 4].

STEPS TOWAR D TECHNOLOGY TRANSFER AND UTILIZATION

The transfer and utilization of technology is a comp lex , non-linea r

process, comprising a number of dynamic steps that occur in varying

degrees in a substantial portion of American industry today. Under-

standing this process is essential to understanding this report. COTTU

(Committee on Technology Transfer and Utilization) has defined the

steps as follows:

Collecting, organizing , and storing the results of research

and development (R&D) - - i. e . ,  the technology.

Publishing and disseminating the R&D information.

Identif ying a need and eva luating the technological require-

ments that must be met to satisfy it.

(At this point the potentia l users  are identified and the

technology adapted or modified to meet their needs.)

- 
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Matching of the available technology with the specific need

or ultimate use , determined with the aid of the potentia l

users.

Executing a continuing series of relevant cost-benefit

analyses.

Defining the market  potentia l and the other parameters

that should help to determine the potential utilization.

Examining the possible consequences that may result

fro m fulfilling the needs and their impact.

Locating the potentia l “suppliers ” who are able and

available to translate the technical information int o

practical reality.
ft

Determining resources and other requirements necessary

for suppliers to produce the product, service or process.

Associating the supp liers and users so they can agree

on the standards, characteristics, performa nce, and

constraint s of the product , service or process.

Performing the adaptive engineering necessary to

develop the product or service or to acquire any

missing elements.

Establishing a business or impleme ntation plan to

de termine production and operational costs.

Acquiring the necessary financing.

70 
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Creating a marketing p lan, production of the product ,

service or process and implementation of it s sale at a

price a purchaser will pay.

These steps are not a rigid or orderly structure. In some cases

the sequence may be different or random , in others certain step s may

overlap. Some step s may require modification and iteration to meet

particular circumstances. For insta nce, there may be several compet-

ing teams or combinations of user s, suppliers , and innovators pursuing

similar objectives , and at some stage particular participant s may drop

out , change course , or make some other accommodation.

The process of technology transfer and utilization as defined here

may not be applicable to every case. The importance of each of the

-‘ steps varies according to the nature and character of the market

pursued and the personal or collective perspective of the innovators ,

suppliers , and users (Ref.  13 , pp. 6-8] .
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APPENDIX B

Federal Outlays for Research and Development , by Agency,
Fiscal Year 1977

(es timated, millions of dollars)
(R ef. 15, pp. 67, 68]

Agenc y and Subdivision Outlay

Tota l, All Agencies 23, 595.9

Department s

Department of Agriculture, Total 518.6

Agricultural Research Service 282. 9
Cooperative State Research Service 123. 8
Economic Research Service 25. 0
Farmer Cooperative Service 1.3
Forest Service 83.6
National Agricultu ral Library *
Statistical Reporting Service 2. 0

Department of Commerce, Total 230. 1

Bureau of the Census 1. 3
Economic Development Administration 11.9
Maritime Administration 19. 2
National Bureau of Standards 50. 4
National Fire Prevention and Control Administration 4. 2
National Oceanic and Atmospheric Administration 139. 6
Office of Minority Business Enterprise 1. 9
Office of Telecommunications 1.2
Patent and Trademark Office . 4

Depa rtment of Defense , Total 10, 969. 0

Department of the Army 2 , 405. 7

Military Functions 2, 390. 6

RDT&E Appropriations 2 , 287. 0
Pay and Allowance of Militar y Personnel in R&D 92. 1
Military Construction 11. 5

Civil Functions 15.0

_ _ _ _ _ _1~
_ ____ • _ _____~_ _ _ ,_



______ ______ -
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~

Department of the Navy - 4, 118.5

RDT&E Appropriations 4, 00 7. 0
Pay and Allowances of Military Personnel in R&D 97. 0
Military Construction 11.4
Special Foreign Currency Program 3. 1

Department of the Air Force 3, 740. 3

RDT&E Appropriations 3, 448. 0
Pay and Allowances of Military Personnel in R&D 240. 1
Military Construction 52 .2

Defense Agencies 677. 2

RDT&E Appropriations 669. 8
Pay and Allowances of Military Personnel in R&D 7. 3

• Military Construction .2

Departmentwide Funds 1. 0

Director of Test and Evaluation, Defense 26. 3

Department of Health , Education , and Welfare, Total 2 , 558. 6

Alcohol, Drug Abuse and Menta l Health Administration - -  129. 4
Center for Disease Control 40.1
Food and Drug Administration 30. 0
Health Resources Administration 29. 9

• Health Services Administration 14. 9
National Institute of Education 88. 0
National Institute of Health 2 , 010. 0
Office of Education 77. 7
Office of Human Development 63.4
Office of the Assistant Secretary for Education 11. 1
Office of the Secretary 29 .6
Socia l and Rehabilitation Service 9. 2
Social Security Administration 25. 2

Department of Housing and Urba n Development 73. 8

Department of the Interior, Total 308. 1

Bonneville Power Administration 4. 7
Bureau of Land Management 1.0
Bureau of Mines 129. 1

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Bureau of Outdoor Recreation  *
Bureau of Reclamation 8.2
Geological Survey 114. 8
National Park Service 9.6
Office of the Secretary 1. 5
Office of Water Research and Technology 18. 2
United States Fish and Wildlife Service 21.0

Department of Justice, Total 42. 9

Bureau of Prisons 1. 8
Drug Enforcement Administration 3. 6
Federal Bureau of Investigation . 6
Immigration and Naturalization Service . 4
Law Enforcement Assistance Administration 36. 6

• Department of Labor , Total 34. 2

Bureau of Labor Statistics 1. 7
Employment and Training Administration 15. 8
Employment Standards Administration 5. 5
Labor - Management Services Administration 2. 8
Occupation Safety and Health Administration 6. 3
Office of the Secretary 2 .2

‘
•i

Department of State, Total 26. 6

Departmental Funds 1.5
Agency for International Development 25. 0

Department of Transportation, Total 347. 5

Federal Aviation Administration 109. 9
Federal Highway Administration 42 . 8
Federal Railroad Administration 41. 8
National Highway Traffic Safety Administration 40. 8
Office of the Secretary 29. 1
United States Coast Gua rd 18. 5
Urba n Mass Transportation Administration 64. 6

Department of the Trea sury, Total 1. 6

Bureau of Engraving and Printing 1. 6
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Other Agencies

Action *

Advisory Commission on Intergovernmental Relations 1.4
Civil Aeronautics Board . 5
Civil Service Commission 3.9
Community Services Administration 39 .0
Consumer Product Safety Commission 6. 4
Energy Research and Development Administration 3, 479. 5
Environmental Protection Agenc y 303. 0
Federal Communications Commission 1.6
Federal Energy Administration 5. 6
Federal Home Loan Bank Board . 8
Federal Trade Commission 1.3
General Services Administration 2 . 8
Library of Congress 3.4
National Aeronautics and Space Administration 3, 676 . 0
National Science Foundation 679. 8
Nuclear Regulatory Commission 106. 5
Office of Telecommunications Policy 2 . 7
Small Business Administration . 6
Smiths onian Institution 31. 6

ft 
Special Action Office for Drug Abuse Prevention *
Tennessee Valley Authority 31.0
United States Arms Control and Disarmament Agency 2 . 3
United States Information Agency . 1
Veterans Administration 105.2

*jndicate s amount less tha n $50 , 000. 
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APPENDIX C

AREAS OF FEDERAL RESEARCH AND DEVELOPMENT
[Ref. 20, pp. 1035-44]

AERONAUTICS

Aerodynamics: Operational flight characteristics and problems of
fullscale aircraft as they are affected by the dynamics of air.

Aeronautics: Aircraft operations such as takeoff and landing , air
traffic, all-weather and night flight , flight safety, and ground safety.

Aircraft : Design , production , and maintenance of aircraft , aircraft
component s, and aircraft  equipment . Includes lighter-than-air  craft ,
gliders, rotating-wing aircraft , and grou nd effect machines. Structural
studies of complete aircraft parts such as airframes, bodies , wings ,
etc. Stability and control systems , boundry layer control systems,
dynamic and static control devices. Aircraft damage assessment and
vulnerability studies; effects of gunfire and blast on aircraft and flight
equipment.

.1

Aircraft  Flight Instrumentation: Instruments necessary for control-
ling the fli ght of an aircraft. Includes artificial horizon , air speed in-
dicator , altimeter , etc.

Air Facilities: Airport s, runways , hangars , contr ol tower s, ground
refueling systems, aircraf t handling and maintenance equipment .

AGRICULTUR E

Agricultural Chemistry: The application of chemistry to the produc-
tion and use of crops and livestock; chemurgy, fertilizers , feeds.

Agricultural Economics: Economic conditions, markets, produc -
tion controls, subsidies, etc. affecting agriculture.

Agricultural Engineering: Design of farm machi nery and farm
structures.  Soil conservation, water conservation, and irrigation.
Processing of farm products.

Agronomy and Horticulture: Field crop production , cultiva tion of
orchards, gardens , nurse ries , etc. For plant anatomy, physi ology, etc .

L 
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Animal Husbandry: Production and care of domestic a nimals, such
as bovines, sheep, goats , horses , and.swine ; domestic animals used as
pets. Inc ludes, veterinary medicine .

Fore stry: Development, management, and cultivation of forests.

ASTRONOMY AND ASTROPHYSICS

Astronomy : Observation of celestial bodies , their dista nces ,
positions, etc.

Astrophysics: Physical and chemical aspects of celestial bodies,
their origin and evolution. Includes astronomical spectroscopy and radio
astronomy.

Cele stial Mechanics: The motions of celestia l bodies under the in-
fluence of gravity.

ATMOSPHERIC SCIENCES

Atmospheric Physics: Physical and chemical properties of the at-
mosphere , exclusive of considerations of weather and climate , Aero-
nomy, aurora and airg low , atmospheric structure, energetic pa rticle s,
solar-terrestrial relationships , etc.

Meteorology: Weather observation, prediction, and modification,
Climatology.

BEHAVIORAL AND SOCIAL SCIENCES

Administration and Management: Accounting, planning , budgeting,
operations, public relations , production planning, organization coor-
dination, etc.

Documentation and Information Technology: Library science:
acquisition, ca taloging, indexing, abs tracting, bibliography. Informa -
tion storage and retrieval systems.

Economics: Econometrics, economic history, economic theory,
banking and finance, international economic r elations , trade and
commerce.

History, Law , and Political Science: Theory and practice of govern-
ment , international relations , p litic s, law, etc.

Huma n Factors Engineering: Design of equipment with emphasis on
optimum utilization by humans. Habitability of work and living space.
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Humanities: Philosophy, literature , art , music , drama , etc .

Linguistics: Study of languages, including phonology, morphology,
syntax, and semantics. Mathematical linguistics. Machine translation.

Man-Machine Relations: Interaction of man and equipment in terms
of subsystem and system performance requirements and evaluation. En-
compasses manual contr ols, information displays. Information proces-
sing, tactical kinethesis and other human sensory modalities involved in
operation of equipment and understanding of personnel subsystems.

Per sonnel Selection, Training, and Evaluation: Recruitment , selec-
tion, training, and utilization of personnel. Industrial relations , wages,
benefits. Education, teaching aids , teaching methods. Job analysis,
career guidance.

Psychology (Individual and Group Behavior): Mental processes and
• phenomena such as perception , learning motivation, intelligence, at-

titudes , grou p dynamics , etc. Experimenta l psychology, including
animal behavior ; physiological psychology; developmental psychology;
socia l psychology; clinical psychology; educational psychology; military
psychology; and parapsychology.

~~, ft • Sociology: Social relations, the functioning of human society,
ethnology, criminology , etc.

BIOLOGICAL AND MEDICAL SCIENCES

Biochemistry: Studies of the chemical processes which take place
in biolog ical systems . Identification of biochemical substances and
the methods used for biochemical assay and analysis.

Bioengineering : Establishment of requirements for, and develop-
ment of, bioinstrumentation and equipment needed by man in operation
of man-machine systems. Includes instrumentation for psychophysio-
logical monitoring and biomedical information ha ndling. Compact ,
lightweight transducers and transmitter equipment introducing minimum
constraint of subject. Man’s requirements for disp lays and controls.
Use of body potentials as int rinsic power supplies.

Biology: Biological topics not included in other Groups, e. g.,
botany, zoology, genetic , etc. Animal anatomy, physiology, and path-
ology. Care and breeding of laboratory animals.

Bionics: Study of biological processes in order to develop engineer-
ing systems. 
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Clinical Medicine: General medicine, medical specialties, and
paramedical sciences. Internal medicine, inc luding preventive medicine ;
pediatrics and geriatrics; dermatology, ophtha lmology; psychiatry;
dentistry. Include s nursing, first aid, medical technolo gy, physical
therapy, and prosthesis.

Environmental Biology: External influences on the biolog ical pro-
cesses of orga nism. Ecology, pesticides , insect vectors , pest control ,
natural noxious agents, etc.

Escape, Rescue, and Survival: Methods and equipment for escape
from disabled aircraft, submarines , etc . Rescue equipment , signals,
flotation devices, survival kits.

Food : Processing, packaging, storage , preparation, and dispens-
ing of food. Kitchen equipment.

• Hyg iene and Sanitation: Personal hygiene .

Industrial (Occupation) Medicine: Interaction of man and industrial
environment. Noise , physical trauma , etc .

Life Support: Equipment and techniques for sustaining life in en-
~~~,ft . vironment s where normal respiration is not possible. Systems which

provide, as a minimum, respiratory support. Includes closed eco-
logical systems, space suits, diving gear, oxygen masks, etc .

Medical and Hospita l Equipment and Supplies: Equipment and
supplies for laboratory and field use.

Mic robiology: Studies of microscop ic p lants and animals.

Personnel Selection and Maintenance (Medical): Physical standards ,
examinations, anthropometric s , physical f i tness.

Pharmacology: The synthesis , composi tion , pro perties , and phy-
siolo gical effects of drugs.  Includes psychopha rmacology.

Physiology: Organic processes and phenomena of humans , e. g. ,
growth , aging, metabolism, biolo gical r1-ythm , healing and re pair ,
sensation, etc. Huma n anatomy .

Protective Equipment: Equipment providing protection against such
environmenta l element s as heat , cold , noise , machinery, etc.

_ _  --•~~~~~~~~~~~~~~~~~~~~~~
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Radiobiolo gy: Radiation biolo gy . Interaction of biolo gical systems
with electromagnetic and particle radiation. Dosimetry, health physics ,
radiation injury. Prophylaxis and the rapy of nuclear radiation sickness
and injury.

Stress Physiology : Effects of extreme environments or unusual stim-
ulation on biolo gical processes. Physiological effects of motion, gravity ,
sound , light , heat , magnetism, sensory deprivation, fatigue , etc.

Toxicology : Detection , neutralization, decontamination, physiological
effects , etc. of poisonous substances.

Weapon Effects: Wounds, injuries, or other medical conditions
dir ectly resulting from weapons.

CHEMISTRY

• Chemical Engineering: Techniques, processes, unit operations, ap-
paratus, and plant equipment tha t app ly to chemical manufacturing , pro-
cessing , transportation , and storage.

Inorganic Chemistry: Synthesis, properties, and reactions of inorga n-
ic compounds; studies of the elements; inorganic quantitative and qualita-
tive analysis.

Organic Chemistry: Synthesis, propertie s, and reactions of organic
compounds; orga nic quantita tive and qua litative ana lysis.

Physical Chemistry: Physical aspects and theoretical interpretations
of chemical systems. Colloid chemistry, catalysis , solutions , chemical
equilibria and reaction kinetic s, surface chemistry, chemical thermo-
dynamics and thermochemistry, etc. Physical methods of ana lysis not
app lied exclusively to eithe r organic or inorganic chemical substances.
Atomic and molecular structure and spectra; spectroscopic analysis for
the fundamental understanding of chemical bonding, nuclear motions , etc.
Nuclear magnetic resonance spectr oscopy and electron paramagnetic
resonance spectroscopy .

Radio and Radiation Chemistry: Chemistry of the effects of electro-
magnetic and particle radiatio~i on matter .  Chemistry of radioactive
sub sta nces. Tracer studies. Includes pho tochemistry.

EARTH SCIENCES AND OCEANOGRAPHY

Biological Oceanography: Marine plant and animal life as it relates
to its environment.

_ 
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Cartography: Mapping, photogrammetry, terrain models , etc.

Dynamic Oceanography: Ocean waves , current s, tides , ocean-air
interactions, etc.

Geochemistry: Chemical composition of the earth’s crust.

Geodesy: Geodetic surveying. Determination of position of points
on the earth ’s surface. Shape and size of the earth . Variations of ter-
restrial gravity.

Geography: Description of the physical features of the earth , the
distribution of plants and animals. Includes political, economic , and
commercial geography.

Geology and Mineraology: Structure, properties, and classification
of rocks, rock formations, and rock constituents. Mineralogy, paleon-
tology, stra tigraphy.

Hydrology and Limnology: Properties , distribution , and circulation
of water, including its surface and underground occurrence. Physical,
chemical, and biological cond itions in fresh water bodies.

Mining and Engineering: Location and evaluation of mineral deposits.
Layout and equipment of mines. Mining operations.

Physical Oceanography: Physical and chemical properties of ocean
water. Topography and composition of the ocean bottom.

Seismology: Detection, measurement, and recording of seismic
phenomena.

Snow, Ice, and Permafr ost: Physical charac teristics of snow , ice
and permanently frozen soil.

Soil Mechanics: Physical propertie s and eng ineering aspects of
soils.

Terrestrial  Magnetism: Geomagnetic variations , field theory,
magnetic moments , etc.

ELECTRONICS AND ELECTRICAL ENGINEERING

Components: Design and development of basic electrical and elec-
tronic components such as electron tubes , semiconductor devices ,
switches, connector s, etc.

L 
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Computers: Design , development , and applica tion of electronic corn-

puters and peripheral equipment. Includes analog, digita l analog-digital ,
special-purpose, and general purpose computers; computer accessories,
supplies, and installation; computer software such as programs , program-
ming languages, program generators , compiliers, executive routines , j
and system evaluation.

Electronic and Electrical Engineering: Electronic systems, except
those included in Navigation, Cot mun!catio~ s, Detection, and Counter-
measures. Electrical systems.

Information Theory: Representa tion, unc ertainty , noise, information
content, information entropy, codi ng theory

Subsystems: Electrical and electronic devices which are composed
of components, but which require other such devices to form complete
systems. Includes amplifiers, antennas, etc.

Telemetry : Techniques and equipment , inc luding transmitters ,
receivers , antennas, etc.

ENERGY CONVERSION (NON-PROPULSIVE)

Conversion Techniques: Techniques and devices for the conversion
of one form of energy to a form of non-electrical energy, but which do
not primarily involve ener gy storage.

Power Sources: Devices which supply electric powe r by energy con- I
version processes which do not primarily involve energy storage. In-
cludes generator s, convert ers , fuel cells, etc.

Energy Storage Techniques and devices for the storage and sub-
sequent use of energy. Includes electrical batteries and battery
components.

MATERIALS

Adhesives and Seals: Adhesives, glues, binders, etc. for all types
of materials. Sealants, seals, and gaskets. •

Ceramics, Refractories, and Glasses: Ceramic materials, in- - 
-~

cluding glasses, brick, porcelain, tiles, etc. Non-metallic refractory
materials. Cermets.

Coatings , Colorants, and Finishes: Paints, paint primers, varnishes.
- â-It ~c . rubber , ceramic, and metal coatings. Uses of dyes and pigments. ‘ —
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Composite Materials: Materials composed of two or more physically
distinct constitutents.

Fibers and Textiles: Natural and synthetic fibers, threads, yarns,
and textiles.

Metallurgy and Metallography: Refining and production of metals
and alloys. Microstructure , physical and mechanical properties, cor-
rosion studies , etc. Heat-resistant metals an~l alloys., Includes ex- - - - - -
tractive and physical metallurgy.

Miscellaneous Materials: Materials not included in another Group,
including leather, fur, and other animal products. Refrigerants , straw ,
waxes, etc.

Oils, Lubricants, and Hydraulic Fluids: Properties, performance,
and production of all t ,-pes of oils , lubricants, and hydraulic fluids.

Plastics: Properties , performa nce , and production of all types of
plastics and resins, including r einforced plastics and laminates.

Rubbers: Production, performance, and properties of natural and
synthetic rubber and rubber products. Elastomers.

Solvents, Cleaners and Abrasives: Cleaning compositions , solve nts ,
detergents , soaps , abra sives, etc.

Wood and Paper Products: Wood, wood products, paper, cardboard ,
etc.

MATHEMATICAL SCIENCES

Mathematics and Statistics: Mathematics and statistics research.

Operations Research: Theoretical operations research.

MECHANICAL, INDUSTRIAL, CIVIL, AND MARINE ENGINEERING

Air Conditioning, Heating, Lighting, and Ventila ting: Air condition-
ing systems , r efrigeration systems, cold storage systems. Heating sys-
tems, heat pumps, boilers, furnaces, radia tors, condensers. Lighting
systems.

Civil Engineering : Water supply systems: well drilling, water col-
lection , storage, treatment , distribution. Sanitary engineer ing: waste
and sewage disposal, air and water pollution control. Flood control .
Highway and traffi c engineering . Urba n planning and renewal.

--—--
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Construction Equipment, Materials and Supplies: Excavation and
earth moving equipment, hoisting and conveying equipment, construc-
tion equipment. Building materials and supplies.

Containers and Packaging: Design, production, performance, and
testing of containers. Packaging methods. Storage tanks and accessories.

Couplings, F~ steners, and Joints: Desi gn , performance , and testing
- - • • - -of bolts,. screws-, .studg , rivets.~. hooks, couplings, and fittings. Bo.nde~ ,, ... ..

soldered, and welded joints, etc.

Ground Transportation Equipment : Design, operation , performance,
and maintenance of amphibious vehicles , cargo vehicles, passenger
vehicles, automotive part s and equipment, and railroad equipment .

Hydraulic and Pneumatic Equipment: Design, production, perform-
anc e, and testing of hydraulic and pneumatic systems. Accumulators ,
distribution equipment, actuators , controls, and components.

Industrial Processes: Production control, quality control, plant
design, inspection. Fabrication cleaning and finishing , etc . of indus-
trial materials. Includes fabrication metallurgy: casting, forging,
drawing, electroforming, extrusion, machining, rolling , stamping,
spinning, welding.

Machinery and Tools: Machines and machine elements, inc luding
bearings , clutches, drives , gears , cam, spr ings , etc. Metalworking
tools, woodworking tools, dies , ji gs , etc.

Marine Engineer ing: Design, construction, maintenance , salvage ,
operation, and performance of all types of ships, boats, and marine
equipment.

Submarine Engineering : Design , constr uction, maintenance, sal-
vage, operation, and performance of submarines and submarine equip-
ment .

Pumps, Filters, Pipes , Tubing and Valves: Design , construction,
operation and performance of all types of pump s, filters, pipes and pipe
fittings and valves.

Safety Eng ineering: Accident prevention, safety devices, fire-
fighting equipment , fi re -detection equipment .

Structural Eng inee ring : Design and construction of s t ructures such
as building s, bridges , dams , etc .

~ 
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METHODS AND EQUIPMENT

Cost Effectiveness: Examination and selection of equipment, mat-
erials, personnel, etc. for optimum performance of given ta sks. Cost-
benefit analysis , tradeoff factors, etc.

Laboratories, Test Facilities, and Test Equipment: Laboratory
and test facility desi gn and operation. Measuring, tes ting, and simu-

• - -. lation devices with apparent application in more than one Group .

R ecording Devices: Techniques and devices for electrical recording.
Includes disk, magnetic, electrostatic, etc.

Reliability: Determination of the probability of satisfactory perform-
ance of components and equipment . Prevention and correction of mal-
func tions .

• R eprog raphy: Photo graphic techniques, equipment, and materials.
Reproduction techniques. Printing and graphic arts.

MILITAR Y SCIENCES

Anti submarine Warfare: Operations conducted against submarines.

Chemical, Biological, and Radiological Warfar e: Development and
utilization of lethal and non-lethal chemical agent s, biological age nts ,
and radiological weapons. Detection , decontamination , protective equip-
ment, etc. CBR ordnance items , such as bombs , projec tiles , and
rockets.

Defense: Active and passive systems for military and civil defense.
Antiaircraft and antisatellite defense systems .

Antimissile Defense: Techniques and equipment for the interception
and destruction of guided missiles.

Intelligence: Techniques for collecting, evaluating, and disseminat-
ing information concerning foreign nations needed for purposes of
national security.

Logistics: Procurement , storage , distribution, and reclamation of
equipment and supplies. Design and testing of personal equipment, such
as clothing, field gear , etc. Transportation. Industrial mobilization.

Nuclear Warfare: Development and utilization of nuclear weapons.
Studies of the physics and physiolo gical effec ts of nuclear weapons.
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Operations, Strategy, and Tactics: Joint and combined operations .
Campaigns, battles , invasions, theater operations , etc. Methods of
attack and support. Types of warfare.

MISSILE TECHNOLOGY

Missile Launching and Ground Support: Missile handling and launch-
ing, inc luding transportation; storage; preparation for launching; surface ,
aircraf t , or unde rwater launching. Launching- equipme-nt ., -checkout equip-
ment, and ground support equipment.

Missile Trajectories: Determination , ana lysis , and processing of
missile traj ectory data. Flight path ana lysis , impact prediction, etc.
Operationa l aerodynamic studies , including reentry.

Missile Warheads and Fuzes: Design and performance of all war-
head types, including explosive, chemical, biological, and nuclear.

• Missile fuzes of all types.

Missiles: General missile theory, design, construction, perform-
— ance, and components. Damage assessxr~ent and vulnerability studies.

Air- and Space-Launched Missiles: Theory, design, construction,
performance, and components. Damage assessment and vulnerability
studies.

• Surface-Launched Missiles: Theory, design, construction, per-
formance , and components. Damage assessment and vulnerability
studies.

Underwater-Launched Missiles: Theory, design, const ruction ,
performance, and components. Damage assessment and vulnerability
studies.

- NAVIGATION, COMMUNICATIONS, DETECTION AND COUNTER~MEASURES

Acoustic Detection: Detection by means of acoustic waves, including
ultrasonic and infrasonic radiation.

Communications: Communications by wire or electromagnetic
waves other than radio waves.

Radio Communications : Communications by radio waves.

Direction Finding: Determination of the direction of arrival of
signals.
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Electromagnetic and Acoustic Countermeasures: Interception,
jamming and antijamming, and deception of acoustic and electromag-
netic signals.

Infrared and Ultraviolet Detection: Detection by measurement of
infrared or ultraviolet radia tion.

Magnetic Detection: Detection by measurement of a magnetic field.

Navigation and Guidance: Techniques for navigation and guidance.
• Includes air traffic control systems, controlled-approach systems, and

instrument landing systems .

Optical Detection: Detection by means of light. Inc ludes such
optical instruments as binoculars and periscopes.

Rada r Detection: Detection by mea ns of transmitted and reflected
- 

• radiofrequency waves.

Seismic Detection: Detection by measurement of seismic waves.

NUCLEAR SCIENCE AND TECHNOLOGY

Fusion Devices (Thermonuclear): Theory, design, construction,
and operation of devices for producing controlled thermonuclear fusion
reactions .

Isotopes: Separation or concentration of isotopes. Industrial and
medical applications.

Nuclear Explosions: Explosion effects such as shock waves and
ear th movement . Testing of nuclear devices. Peaceful applications ,
such as Plowshare.

Nuclear Instrumentation: Radiation detection devices and associated
equipment.

Nuclea r Power Pla nts: Integrated assemblage, including reactor
and turbogenerator equipment , plus control and regulatory devices.
Includes mobile as well as stationary power plants.

Radiation Shielding and Protection: Shielding design, isodose plots,
materials transmission and absorpt ion studies , safety devices , de-
contamination, etc.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Radioa ctive Wastes and Fission Products: Separation, processing,
handling, storage, and disposal. Fission product utilization.

Radioactivity: Radioactive decay, natural and induced radioactivity,
interaction of charged particles and radiation with matter , radioactive
fallout.

Reactor Engineering and Operations: Engineering related directly
to the design or operation of a specific reactor or reactor type. . • ..-

Reactor Materials: Production , testing, or recla mation of fuel
materials, coolants, moderators , control materials, structural
materials, and shielding materials. Inc ludes fabricated element s or
assemblies and specific configurations .

Reactor Physics: Reactor kinetic s , reac tor theory, criticality and
neutron thermalization, scattering, slowing down economy, etc. In-

• cludes the use of reactor simulators or computers.

Reactors (Power): Design, construction, operation , etc. ,  of
reactors used as energy sources for electric power generation.

Reactors (Non-Power) : Reactors designed and built for purposes
other than for electric power of propulsion. Includes production research

~1 .j 4 and training, test , and process heat types.

SNAP Technology : Systems for Nuc lear Auxiliary Power , both
isotopic and reactor.

ORDNANCE

Ammunition, Explosives , and Pyro technics: Projectiles , fuzes ,
demolition explosives , detonators, grenades , land mines, high explo-
sives, primers, powder propellants , amm unition shaped charge s ,
flame throwers , ammunition handling equipment , etc. Production, per-
formance, stability in storage , etc. of incendiaries , pyrotechnics,
screening agent s and smokes , etc .

Bombs: High-explosive, fragmentation, anti- personnel , armor-
piercing, general-purpose, etc. Bomb handling equipment .

Combat Vehicles: Armored wheeled and track-la yin g vehicles for
both cargo and personnel. Heavy, li ght , and medium tanks. Tank
chassis used as gun carr iers , their components and accessories.

____ - 

- 
88



A 
- 

____________________ -
• 

- 
- 

_______ ___________

r ç

Explosions, Ballistics, and Armor: Explosion effects such as blast ,
heat , earth movement, etc. Ballistics. Armor plate, body armor , etc.

Fire Control and Bombing Systems: Computers , sights , director s,
range finders, gun-laying and bombing radar systems, bomb releases,
and other devices used to direct the firing of a weapon.

Guns: Small arms, automatic weapons , recoilless weapons , mor tars ,
- •• • - • - ‘artillery and naval guns, their components, accessories, and interior

ballistics. Gun carriages , gun mounts , remote control equipment , etc.

Rockets: Rocket-propelled weapons , including aircraf t , large caliber ,
and shoulder-fired rockets. Launching devices.

Underwater Ordnance: Torpedoes, submarine mines, depth charges,
hydrobombs, etc. Launching devices and countermeasures.

• PHYSiCS

Acoustics: Generation and propagation of acoustic waves, including
ultrasonic and infrasonic radiation.

Crystallography: Structure and propertie s of crystalline forms .

Electricity and Magnetism: Theory of electrical and magnetic
phenomena.

Fluid Mechanics: Theoretical and experimenta l studies of the
dynamics and statics of fluids , including aerodynamics and hydrodynamics.

Masers and Lasers: Devices which amplify electromagnetic waves
by stimulated emission of radiation. Includes irasers, uvasers , etc.

Optics: Genera tion and propagation of electromagnetic waves in the
infrared, visible, and ultraviolet regions of the spectrum. Techniques
and design of optical equipment for mass spectroscopy.

Particle Accelerators: Design and operation of betatrons , cyclotrons,
synchrotrons, etc.

Particle Physics:  Properties and reactions of eleme ntary particles.
Nuclear reactions . Gamma rays , x rays.

Plasma Physics: Properties and actions of pla sma s, including
magnetohydrodynarnics , pinch effect , plasma oscillations, plasma jets ,
etc.
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Qua ntum Theory: Relativistic and nonrelativistic quantum theory,
relativity theory, quantum mechanics and quantum statistics.

Solid Mechanics: Dynamics and static s of solid bodies. Structural
mechanics, kinetics, kinematics, equilibria, stress analysis , buckling ,
elasticity, plasticity, vibrations, shock and vibration, etc.

Solid State Physics: Structure and propertie s of solids. Properties
of solids a t cryogenic temperatures. Includes fut~dame nta t research
and theoretical studies of semiconductors.

Thermodynamics: Thermodynamic theory; equations of state , fr ee
ene rgy, enthalpy, entropy, thermodyna mic cycle s, etc. Heat transfer ,
including methods for determining thermal radiation properties of
materials. Low-temperature phenomena.

Wave propaga tion: Propagation of radiofrequency waves. Includes
microwave optics.

PROPULSION AND FUELS

Air Breathing Engines: Advanced engine s which use ingested air to
oxidiz e their fuel , e. g . ,  the liquid air cycle engine ( LACE).

Combustion and Ignition: Combustion and flame studies. Ignition
and ignition systems.

Electric Propulsion: All type s of engines de riving power from free
ions or elec trons. Ion, plasma, and arc-jet  eng ines.

Fuels: Production , perfo rmance , storage , etc . of all types of fuels
except those used in rocket engines.

Jet and Gas Turbine Engines: All types of je t and gas turbine
engines, including hydroduct, turboprop, etc.

Nuclear Propul3ion: Nuclear devices for marine, ground , air , and
space propulsion.

Reciprocating Engines: Reciprocating Engines of variou s configura-
tions for all types of propulsion.

Rocket Motors and Engines: General s tudies of rocket motors and
propulsion hardware. Gaseous , thixotropic , and hybrid rocke t motors.
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Liquid Rocket Motors: Studies of liquid rocket motors and propul-
sion hardware.

Solid Rocket Motors: Studies of solid rocket motors and propulsion
hardware.

Rocket Propellants: Chemical rocket propellants and propellant
combinations other tha n all-liquid or all-solid pr opellants. Includes
production, handling , perfo rma nce, etc . - - - - -

Liquid Rocket Propellants: Production, handling, performa nce, etc.
of all-liquid rocket propellants, including fuels, oxidizers, etc.

Solid Rocket Propellants: Production, handling, performance, etc .
of all-solid rocket propellants , including fuels , oxidizers , additive s ,
binders, etc.

SPACE TECHNOLOGY

Astronautics: Orbital rendezvous, space exploration, operations in
space , spacecraft operating problems, etc.

Spacecraft : Design and const ruction of spacecraft , including satel-
lites, space probes, space capsules, spaceships, space stations, aero-
space planes, and their components. Spacecraft damage assessment
and vulnerability studies.

Spacecraft Trajectories and Reentry: Determination, analysis,
processing , etc. of spacecraft trajectory da ta. Orbital calculations ,
flight path analy sis, reen try, space mechanics , etc.

Spacecraft Launch Vehicle s and Grou nd Support: Ha ndling and
launching, including transportation , storage, preparation for launching,
and countdown. Launching equipment , checkout equipment, and ground
support equipment .

~~~~~~~L. _
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