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- “Fiseal Year

1970 .
1971 .
972"
1973

1974
1975
‘fﬁﬂb'i§7&”f?vﬁﬁ Botiars

1977{est) 1.6
- 1078{est) ‘ oL

LBV

1/ Includes federally funded research & develdpment

vs* (FFRDC's)
administered by this sector. L

. .-Source: —Federal Fundsﬁsurveysr. NSE...
: /35778
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8a

Table I1I1-4: ¢

1870 - 1978

Total® ‘ 8 Company as a-
Basic R. Federal . Company. % of total

1970 $602 - $158 VR a4 742
971 - 581+ - 125 7T g56. 79
w2 583-° 127 ass e
1973 ' 620 & ©o129 491 79
1074 . ' 688 160 o 58 7
1975 717 ° 1577851700 660 78
1976 _ 786.% 17200 614 78
1977{est) 8% - 185 650" 78
1978(est) 905 205 700 77

Avge annual rate . :

-of change ST D ST U

1970-1978 . 522

Source: National Science Foundation
’ 1/25/78
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Table II-6% Basic Research by Performing Sector, 1970 - 78 o

ars.-in i1 14n:

N Universities & Nomprofit
.Govi, . Industry- . Tolleges Inst.

8602 $2,065 - 8305

e 2 .

R 2,272 R 7T
1973 o 537 620 " 2,357 T T gy

w0 el ess g T Thge
1975 . S e g 2,713 T gy

1976 e 786 2,890 T s
1977(est) 790 835 3,155 479

1978(est) 850 905 ... 3,580 .. . ... 520 . "

bakbent Distribhtion 00

1970 15,43 17.1% 58.8%
1971 13.8 16.3 60.9 9.0
1972 18.4 . 15.6 £0.8 9.2
1973 13.9 16.0 50.8 9.2
1974 . 14.8 166 - 59.1 : 9.6
1975 5.1 15.9 0.0 . 9.0
1976 - - - 14.9 6.3 59.8 - Rt
1977(est) 15.0 159 . 60.0 _ 9.1
'1978(est) 145 15.5 61.1 8.9

Source: National Science Foundation
1/25/78
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Table II-8: Funds for:industrial«Basic:Research.by Figeld of-Science::
[TncTudes Company and Federal Funds) .:: o
1971 and 1876 [%:.,
(DoTlars: in milldons) 1.t
s % of:; : . Percent
Total 1976{Pre1iminaryg Change
TH s % of Total . .- }
_ Total 1002 §786 100%
Physical Sciences 281 48 350 5
S chemistey it 18D 3% 2497 7 igen e B o5.380
" Other N 101 17 101
Mathematics u 2 13
Environmental Sciences g 1 15
Atmospheric Sciemces ©- - T3 ek 6
Geological Sciences - - J L 6
QOceanography - 2 . 3
Engineering : M 159 27 175 #2203 Tt ey A
Life Sciences . . L9416 - 13t 17 43
Biological Sciences 57 10 T 101 13 77
Clinical Medical _ 72 T 4 -1
Sciences - : :
Other Sciences 4 4 9 W 313

Source: National Science Foundation
1/15/78



Table II-10:

Funds for Basic Research by Se1ected Industry

*"and Source of Finds; ‘1971 and-1876 -

{Do1lars in MiTllions)

1976..(Preliminary);

Federal % Total 197énmpany % Total Federal % Tgtal Compan
Total . $125 008 456 008 $72 008 614
Chemicals & Allied - o g oo f; -
Products 30 24% 186 41 63 37
Electricatl Equipment - ' b
& Communfcation 35 28% 108 24 21 12
Aircraft & M]ss1les 17 s 36 8 - 20 12
Nonmanufactur1ng 2 % 19 D7 2 . 15 . g
ATl othef industries L9 185 M 1 26 - ' 3l
Source: fNatTnnaT Sc1ence Fuundat1on ;— -

: ;1/25/78

‘62

L8
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. Scientists and.Engineers Popuiation and funding .

Comparison of certaih of thé daté on the'pﬁﬁu]atfon of ééientfsfs Eﬁd . )
engineers working in basic research and employed by industry with the data
on funding patteras for basic research support in industry shows the foTtowing:

Rank Ordered by Percent of Total, By Field

Doctoral S&E's in Funds for Industrial
Basic Research in Basic Research by
Industry by Field Field of Science, 1976
of Science
Total 100% . Total 100%
PR
Physicat scientists 58.4% Physical sciences 45%
Life scientists 15.5% Engineering 22%
Engineers 14.8% el rnnibdfe spiences 174
Ervironmentai sci- Other sciences S 13%
entists 4.4% w1 Environmental sciences 2%
Psychologists 2.2% Mathematics C 2%
Math & Stat.- T ERUE SRS . :
scientists 2.0 ¢
Computer scientists 1.7%
Social scientists 1.4%

In both Tists physical science, life science. and engineering are the top

three in proportions of people and fundirg and in each 1ist they incTude weil
over 80% of the totals. These not surprising paraliels suggest a high likeli-
hood of both interests and capabilities from the industrial basic research
sector in these three fields if opportunities for funding relatively
unstructured basic research were available. The dominance of these threes fields
should not suggest a lack of capabilities or interest in industry in other .
fields of science that have smaller resources. In the nature of basic

research, it would be fallacious to assume that size or quantity are necessarily
dependable indicators of ingenuity or creativity. The good record in tech-
nological fnnovation of small firms compared to Targer firms iTlustrates this
point. . S

Experience in other agencies, summarized in Part IV of this report, does not
suggest the likelihood of extremely heavy proposal pressure or interest from
private firms as measured by sheer volume of proposals when support is

equally accessible to all proposers. Yet NSF has encountered very keen
interest by a small business r and d sector that appears relatively limited in
number but whose actual dimensions currently are not known in any systematic

way.
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-NSF--Proposal-Pressure--from-Industry.-and: AWards:£0 - IndUSEry. o onosr et S tusninstis i o

The flow.of' roposaTs for resear
js affected s1gn1f1cant1y
hoed of proposal approva] “This Ts "trite "both For 'NSF directorates, and for’
individual Ffields of science or.program areas within. directorates he.
observation is based on ‘several ‘dozen conversations w1th represéﬁ _t1ves T
private firms coming to the Office of Small Businéss R&D “for information and-
" guidance, and the observation is confirmed to some degree by NSF data

NSF's basic research supporting directorates adhere to the policy that awards .
to private’ 1ndustr1a1 firms are made only: under spec1a1 criteria that are
add1tuonaT to the cr1ter1a of. 501ent1f1c merit appl1cab]e to aT] proposa]s

T SR _

and the Directorate for Sciénce Edacation 1ssue ‘a number of program announces
ments each year. These_announcements 1nd1cate who 1s eI1g]bie to app]y for .,
support. In @ numb_w .
and analysis, data pfoce STng and-aﬁalysﬁs,‘and program design and recommend
tions, commercial, firmg are e]1g1b]e to. sumet proposa]s e L

W succeeded by the: D1rectorateA
) ”has from its estab]15hment

for App11ed Sc1ence
funded proposals fror
Beginning in fiscal yea
the support of proposa
development. .

NSF d1re orates an off1cgs (ex;lud1ng BA) recA1yed J3__p

In tota1

Seventy-nine such awards WEMe made to' prﬁfate firms, '35 of th
businesses.

The highest, number, as we]] as propnrt1on of Fy’ ]977 tota1”d BC prate
obligations to commercial firms, {5’ im ‘the D1rectorate For Scientificy
Technological and International Affairs.” This™is trug aldé for awards' to'”
small business firms. Awards to private firms by STIA divisions support
such work as policy studies and analyses and provision of assistance for
international travel arrangements. The STIA small business awards range
from processing of survey data for the Division of Science Resources Studies
to research primarily by software firms on use of scientific 1nformat1on for
the Division of Science Information.

Science Education awards to business Firms supported such work as program
evaluation, experimental science programs for television, and data processing.
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RESDLUTION ON BAéIC RESEARCH IN INDUSTRY
“APPROVED~BY- THE ‘NATIONAL” SCIENCE "BOARD ™
15l 0N

21 The Natlonal Sclence Board unanlmously
+*DECIDED.-that: the Fouhadation's policy. on ; .
the support of basic.research.by privatei. ..::
profit organizations should be modified
¢ as -indicated by the following language:;: -
wiwhich should: bé substantially: reflected n
soxs National. Sc1ence Foundat1on pOllCY
; documents g W

‘The Natlonal Sc1ence Foundatlon ‘welebmss
unsolicited proposals from commercial
. firms, But. it also wants.to avoid ,

. subst utlng_Federal support.for .
normal commerclal_lnvestment
esearch Or. comprom
of. research. in educatlonal lnstltutlons
where reésearch makés a speéecial’ added ’
contribution to science education.
Thus, :unsolicited. proposals for .
scientific. research project sunport
s s ofrom commerclal firms- may be funded: .

where: (a) the project is of speclal

concern from a national point.of view;..

{b) special resources are ‘dvailable in'
-51ndustry for. theﬂwork Qr. (c) .
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NO.PI"UPUSE]S A e g e s b e

o Industry,

Productivity:

Environment L s kEde
 Resources ) 92 ( 87)
<nTechnoIogy Assessment ‘*{ 25 (14)

In 1sca1 year 1976, 247 proposa1s were received by RA from private f1rms

compared to the total of 431 in FY 1977. The FY:Z7 solicitation: appeared
" to stimulate a substantial inérease im proposals. Strong interest in the

splicitation Ted to 8000 requests for the announcement 1n add1t10n to 4000

1n the 1n1t1a1 mailing. . Rt PR T S T TN

In ‘the FY 1977 prOposals frnm 1ndustry, some relatively small number of the
proposals, submitted in response to the solicitation:would have been subm1tted ﬁa
without “it, according to comments received at the Office of Small Business .

R&D. There were several advantqges to submitting a proposal in response to
" the solicitation: the prospact ‘of qua11fy1ng for Phase II Support; noccost=.-.»
shar1ng requirement and a fee allowed since the proposals were solicited;
winning ‘such an NSF competition ‘could be:commercialiy: prestigiousand .- oooasg
advantageous to a firm; the tie-in to veature capital; and patent r1ghts

e T g .
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TabTe II1-2 ..

39.

FY 77--Propasals Received. by NSF from Industr_;-By_Directorate-;& Amount Requested

o

Directorate . Moo

Mathematical, Physical &

. Engineering, Sciences 22

Scientific, Technological
& International ‘Affairs - &5

Astronoﬁiba], Atmospheric,

Earth.& Ocean Sciences 29
Researqﬁlﬁﬁﬁ]ications 431
Bio1og{E;T:§ Behaviaoral 1h

% Social Sciences 1
Science Education 17
Administrﬁtf@h 5

Office Efféjannﬁng % Re-
sources. Management 7

0ffice of Government &
Pubiic Programs 1

J0TAL: 568

Amountr

§ 2,481,701
4,975,938 -

9,865,225

23,829,799

© 1,524,600

2,256,902
63,405

.. 311,563 "

© TEpNgR

$45,885,173
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Directorate/Field ’ o [Lo_ . Amount

bl il e d oAl SLEL )

Research Apphcat1 rms .

Resources : ") $ 3,2357800
Envivonment . 134 :.1] 871,300 ...,
Productivity . RN 170 W
.Communications - . -2

gIndustr'ra] " o 8

Technology Assessment 25

Other 1

TOTAL: ’ 431 .

Seil ence Education

- Science & Sncwty - 5 BERERE Y L
“Science Education’ Development* ) 11 1,248,984 - -
$cience Education Research 1 To,488

) TOTAL: 7 v, 24256,902 :

Planning & Resources Management' ’ ' e :
Other Studies R 2 7 311 ,563
Administration : e e
Training 2 i o 43,3600 .-
-‘Datar Processing & Equ1pment Renta1s. L3 531,005,

TOTAL: . = woib Can 634,445

Government & Public Programs
Audm \hsua] R N ST
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Table I111-5

o1 T
FY 1977 AWARDS TO INDUSTRY "~
BY DIRECTORATE AND FIELD OF SCIENGE OR

PROGRAM AREA WITHIN DIRECTORATEL/ . " .~

Directorate/Field/Program Area * Ne. -Amount P N

* Mathematical & Physical Sciences & Engineering- .- -.i: o

3,600, -, -

Mathematical Sciences SR :
Engineering 4 23%,300
Materials Research 5 399,500
Chemistry 1 60,000
Other 1 24,535
TOTAL: - T2 $718,335
Scientific, Technological & International Affairs
' Policy Research & Analysis 5 217,847
International Science... . P -4 - L L I
Science Information gttt 98079 ¢
Science Resources Studies.. . ... ... . ... 6 . ...-. . 534,269 .
U T UTTOTAL: T 2 §1,972,010

Astronomical, Atmospheric, Earth & Ocean Sciences

Atmospheric Scienées 9 694,!3{]02

Polar Programs 10 7,443,372_/
TOTAL 1 $5,137,372

.. Bioloegical, Behavioral & Neural Sciences
Biological Sciences . [ 245 ,356
-Social Sciences B C2 : 95,200
TOTAL: 3 $340,556
Research Applications

-.Technology Assessment 10 ' 781,935 -
Environment 25 3,664,079
Productivity 43 2,713,752
Industrial 6 385,578
Resources 13 " - 1,179,637
Exploratory Research 2 138,115
Communications 8 468,887
Research Evaluation ’ z 120,607
RA Other 1 ' 261,480

TOTAL: 710 $9.,714,070




833

45,
Table III-6
FY 1977 GRANT AND CONTRACT AWARDS!/
T0 SMALL BUSINESSZ/
: "4 of FY 77 FY 77
Directorate No. Awards Amount * Obligations ObTigations
Mathematical & Physical . :
© Sciences & Engineering 5 . 258,635 - 11 . 224.4
. Scientific, Technologica® = . . ] ) 3
& International Affairs 16 e ) 1.754,163 9,0 . 79.4~
Astronomical, Atmospheric, B /
Earth & Ocean Sciences 3 - . 209,800 . .09 233.5&
‘Research AppTications o5 ' 7,594,435 1.9 63.7%/
Science Education = ° 5 - o 555:594u ) .94 59.D§/
Biological, Behavioral e -
& Social Sciences . . 1 B2, 700 .07 - 126.8
Planining & Resources
Management 3 125,664
O0ffice of Government Brap _see L a
& Public Programs 2 28,0654 - S
TOTAL: 130 $10,609,046 1.46 $ 726.6Y
1 appendix € is an itemized 1ist of NSF Awards to Small Business
2/Excludes purchase orders %

é/These figures shown without $1.3 million transfer from RA to STIA for technology
assessment as shown for FY 77 for consistency in the FY 1379 Budget request.

4/Includes U.%. Antarctic Program.

5/Sciénce Education total obligations less Fellowships and Tratneeships ($15.3m).

6/ry 1977 Total NSF obligations ($791.8) less Special Foreign Currency ($4.4m),
PD&M ($45,5m), and Fellowships and Traineeships {$15.3m).
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§Qﬁgprt of Basic Research in Industry by Five 0ther Federé1 Agenciés

We inguired -of five -other science-supporting agencies about.their expenienceéf'
with proposal-pressure and ‘the ‘1ikely subject areas of research contribugions ...
from industrial performers of basic research. Discussions were held with: o
staff of the Office of Naval Research, Department of Energy, National Inst1tutes
of Health, National Aeronautics. and Space Administration, -and: the Air. Force A
0ffice of Scientific Research F1nd1ngs are summar1zed below . G

DEPARTMENT OF ENERGY

The department‘'s policies do not favor one sector of basic research performers
over others. -In practice, the preponderance of -basic research award funds.go .-
to universities or to federa]Iy funded research -and’ deve]npment centers. (FFRDC s)
administered by universities.: .o L i L

- ‘Proposal 1nterest or pressure from 1ndustry is. at 2 fa1rly ]ow leve], 13
about 5% or less of total, and is.fairly. constant.”: Awards to.industry .
amount to ‘about 2 to 4% of the:total number of awands Thesc.f1gures exc]ude,
FFRDC's. . PR e . .-

© About $90 miliion in basic research a ards to un1vers1t1es is est1mated for
FY 1978; s]}ghtly over $1 m1]110n 15 strmated for basrc research awards to . .
industry. oo . . - )

At DoE the fiélds of basic science in which research is supported are heévily. !
dominated by phys1ca1 sciences, involving probably 80% or so of total dollars.
Research support -is .primarily in:the fields of nuclear phys1cs, chemical
sciences, high energy physics, metallurgy and materials sciences.

The agency has. been so.recently organized in its present form that some.
aspects of -its .experience must be drawn from its, predecessor agencies, the
Atomic Energy Commission and.the Energy. Résearch and Development Agency..
The new Department of Energy has been taking initiztives to increase the
participation of small business in its programs.

Research support o 0uts1de perfarmers 15 a]most.ent1re]y through cnntracts
“The basic research contracts tend to go to un1vers1t1es as .a consequence

of both industry interest and ONR's assessment of the capabilities of the
proposers seeking basic research support. for individual projects..,. About
15% of the dollars for "Defense Research Sciences" (that include <tme “Funds”
-for applied:research, though mest are for basic) go.te.industry, 71% to
universities,. 3% to nonprofits (FY 1977 ‘data). These proportions have been
relatively stab]e in recent years. ~In FY77.718.4% went for energy conversion,
16.4% for materials. 10.9% for, mEChanTCS, 10.8% far math-sciences, 8.9% for -
general physigs, 7.1% for terrestr1a] T% for behav1ora1/soc1a1 science,

: and 6.1% for oceanography. : : ‘ ‘
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Most basic research is carried out inhouse or by NASA's own perscnnel

(about 45 - 50% of total).. Industry represents.the secord. major- performing
sector accounting for about-30 percent of the total -in FY 1978.. Un1vers1f1es L
and FFRDC's administered by universities. accounted for almost all of . the :
remaining NASA performance. -In 1978, -about.two-thirds.of NASA's basic - v~ .
research.is in the phys1c31 sc1ences (astronomy -and phys1cs) one-f1fth dn oo
the envwonmentaT sciences and one-tenth.-in- engineering.. -

In space science the research interests of the NASA centers vary and they

have much, autonomy- in choice. of research performers.  In:the:life sciences,

it is a pattern that. research.tending toward.general theary or researchin-
--biomedical-areas is: performed mostly at universities; research that-is more -

technology oriented -is more, 11ke1y to be carrqed out: by 1ndustr1a1 performers T

NASA accepts unsohctted proposa]s for bas1c r-esearch but staff report that
-relatively. few are received. from industry.:.Most-unsolicited:-proposals re-
_ceived come from uniyorsities:;,Those from. industry are move-Jikelyito :

result from.-a program announcement.. Requests for proposals ‘stimulate” proposa1s

from both universities:and- industry: .in the'basic research areas, industry:
submits re1at1ve]y few proposals. The more technological the area the more ...

Tikely industry is to propose and the. more ]1ke]y such proposa]s are to be

funded on competitive merit. . :

In engineering:basic research, approximately-15%.1s reported asiperformed by’
industry;.;in-biomedical involving-mainly biology-and medicine-avound: 5%, - -
but for the bigengineering and-technplogy aspects 70 .to:75% of .the basic
research is performed by -industry: in-space. and terrestrial scierces; there .’
is great variation by field. - In magnetospheric.research:and astronomy, most
extramurally -performed basic ‘research -is done by universities. ' In.remote !
sensing, industry interest and participation increases -though-the activity. : !
is described as mostly government. In the materials science area there is
currently & growing-interest in such.areas:as. alloys.of-different purities,
vacuum molding and casting,.and.composiie materials. . In such.areas.if s
probahle that there -is good. research capability -in. 1ndustry The space -and.
terrestrial: sciences -areas,-as.-in the others, seem-tozinvelve industry more‘~ .
at the high techno]ogy end;. for .example, when: expensive-instrumentation. is:
needed, large industries such as Bell Labs and TRY. may be. the only-ones :

"~ with such capab1]1t1es

Small bus1nesses were sa1d to be 1nvo]ved ma1n]y 1n the support serv1ces =
area, excepft in the.advanced. technology aspects of the life sciences .areas. .
There the research: cauab111t1es of hlgh technoiogy sma11 f1rms were ment1one
specifically. . B L PEUE LI DR R B

: Most of.NASA's. support of bastc research in-industry appears. to: .ber supported 4
i through contracts rather than grants. As with. -NSF, NASA.is. required by -

i appropriations legislation to require cost-sharing by grantees or cbntractors
: when such awards result from unsolicited proposals. This can be a problem
for some small business firms.
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Publication of basic research findings in the cpen literature is encouraded
.and in many cases is regarded by AFQSR as the appropriate way to report on
the research to AFOSR; the policy appears very similar to that of NSF.

Cost-sharing is encoukaged by AFOSR but is not required.
CONCLUSIONS

Industry participation in basic research programs of the five .agencies
varied substantially. - Industry participation seemed to occur more often
in those programs most clearly defined by mission areas and at the
technology end of the Spectrum; at the theoretical or abstract research
end there seemed less 1ndustry interest and participation.

The missions of the agencies, the titles of their program areas and
agencies' use of requests for proposals all serve to focus more identifiable
research targets. This seems to facilitate industrial participation

through submission of proposals or expressions.of interest that Tink their
ski11s. and interests to problems for research.

The effects that flow from the known characteristics of agency missions
and program areas tends to structure the basic research environment toward
greater specificily than is the case with the National Science Foundataon
in most of its basic research areas.
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' : APPENDIX A 53.

FY_:i?j-';"Prohosé1s Recvd. by NSF from-Industry--by NSF Program E]\ér_r‘nenlf.

P

MR No.. - Biiognit "
Other Math Sciences . 1 $ * 3000
Atomic & Molecular Physics T 1 - 95,800¢
NucTear Physics ‘ 1 ) 116,700 ¢
Engmeer'mg Flyid Mechanics 2 i } 708,200 .
< Devices & Waves .~ 1 59,000 -
Sg14d State Physics 1 ©o2,000°
MetalTurgy 3 237,500
Cerarm cs 3 - VBT800G0
- DMR.: 1 R V18 200"
. Chem1ca1 “Analysis g 508, 800°
. Sofitware’ Engineering A 50,000 -
International Travel R 3066
MPE. . 1 "-10,535 )
TOTAL: 22
Policy Resear‘ch & Analysis g 701,039
Cooperative Science Program 2 1,500,000
Cooperative Science Program (Japan] 1 C 21,500
Cooperative Science Program (U.S.S.R.} 1 1E27,100 ¢
Scientific. Organization & Resources Prog. 2 <+.75,000
Economics- of* Information 3 197,900
- Access Improvement 8 805,938
User Requirement 13 1,158,848
Studies of Science Resources 7 488,613
TOTAL: LN $4 975 938
‘Galactic & Extragalactic Astronomy ° 2 324,700
Astronomical Instrumen. & Development 3 © 74,0007
Aeronomy : 2 o 255,300
Meteorology {Atmospheric} 1 150000
! Solar-Terrestrial 3 © 397,000
i Solar-Terrestrial Physics 2 64,701
| Research Ship Support 5 1,862,447
i Contract Support (DPP} i 5,467,177
Cceanography 2 103,400
Meteorology {DPP} 1 181,500
~ Environmental Forecasting 1 40,700
Climate Dynamics 3 944,300
TOTAL: 29 49,865,225
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O5E ' BT Rt RN L T B T Amount
Pubtic Understanding of Science 1 $ 500,500
Alternatives.in Higher Education 5 778,320°%
Continuing Education 1 o 15,132
Special Studies & Experimental Projects 1 1 17,2451
" Research i Education i - 486,037
Systems Approach | 1044885
Ethlca1 & Human Yalue Imn11cat1ons co4 SO 06,9300
. : [T - . TOTAL: 18 %2, 404 652 = -

ADA

;Equ1pment“RentaTs _ . BN " 581,095
Training Contracts - . 43,350 .
10,000: -

$7634,845

U‘!l—'l\'lt\)

-~ Data Processing Contracts
: . TOTAL:
0/0

OPRM-—Other Studies
OGPP—-Feafure;FiIm

oo~

TOTAL:

i
[
|
|
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FY 77 AWARDS T0 INDUSTRY--BY NSF PRGGRAM ELEMENT

RA
Technology Assessment
Environment
Productivity
Industrial Pregram
Resources
Communications
Exploratory Research
Research Evaluation
RA-Other

. : TOTAL:

st

" Publie Understanding of Science
.Continuing Education
Special Studies & Experimen;q};Proj,_kﬁ

Systems Approach

- Technological Innovations in Educ...
TOTAL - et

i

Training- o
Pata ‘Processing/Equipment

OPRM

_ Evaluations/Studies

QGPP
Films/0ther

——

No Amount
10 $ 781,935
25 3,664,079
a3 2,713,752
6 385,578
13 1,179,637
8 468,887
2
z
1

138,115
120,607
261,480

§,714,070*

-
i
=]

*

203,100
15,132
124,854
19,880
T o 344,662
L 707,638+

- o0
1,098,644~

B S
g i
6 : 1,115,788

&+ ' 295,999

2 28,055

. * Totals do net include Purchase Orders




‘DATE OF

[NV

C o2,
6/77
9/77

Py

- AWARD

MATHEMATItAL AMD PHYSIGAL SCIENCES, AND ENGINEERING

DIRECTORATE

I FIRM NAME
Institute for Scientific’ Thforma-
tion .° ST
Philadelphia, Pa. o

Aerochen Research Labs

1Pr1ncet0n, N.J. -

Maniahs Inc jx' _— T;._
Cambridge, Ma.

Manlabs Tnc. -
Cambridge. Ma. ..-.

Bend Research
Bend, Ore.

PROJECT TITLE - -

Data-Extraction from the Sc1ence
Citation:Index

Sfuﬂies:bf'fhé TheFﬁddynam1§5 of
Coal Impur1tv Combust1on Products

Ca1ru1at1on of Ternary Phase Dxaqramse

by GComputer Mefhuds

Eva1uat10n of Advanced Cutt1ng Tool
Systems -. : :

Fundamentals .of Membrane Permeation

Engineering

AWARD PROGRAM:~ -~

NUMBER AREA:- - AMOUNT "

“7722736 MPE*" $ 24,535

7615600  Engineering § 27:700
7713861 . MétefiaTs t-75,300:

Research

77158577 Materialg: - § 64,600
o Research - :

7617291 $ 66,500

65

"Ljis



DATE OF

AWARD

- 9/77

" Rockville, Md.

SCIENTIFIC, TECHNDLOGICAL, AND INTERNATIONAL AFFAIRS DIRECTORATE

FIRM NAME

Capital Systems Group Inc.

Rockville, Md.

Moshman Associates Inc.
Washington, D.C.

Moshman Associates Inc.
Washington, D.C.

Computer Horizons Inc.
Cheryy H111, Nod, ¢
Moshman Associates Inc.

washington, p.c.

Moshman Associates Inc.
Hashington, DiC.:

Westat Inc:

" King Resedrch, Inc.

Rockville, Md.

AWARD PROGRAM

PROJECT FITLE ° NUMBER AREA AMOUNT
Research on the Use of Scientific 7718073 Science $ 86,369
and- Technical Information and Its Im-
pact on the Effect1veness of Scientists
and Engineers
Data Processing and Other Related Ser- 7715164 Science $ 33,274
vices in Support of the Survey of Federal Resources
Funds for Research, Development, and
Other Scientific Activities, Vol. XXVI
Data Process1ng of Three University 7684638 Science $ 92,426
Surve FY 19?7 oL Resources
Codification; Exp1anat1on and Documen— 7722770 Science $ 30,559
tat1un “of Internat1ona1 Ind1cators Resources =~
Work " v e
Analysis’® ‘of Distributién of Federal 7720867 Science $ 28,900
Funds for.Research and Deve1opment Resources
Survey of Graduate'5c1ence ‘Studént 7728140 Science $151,910
Support and-Pastdoctorals; Fall 1977 s Resources : -
New Entrants Surveys of Recent College 7727560 Science $197,200
Graduates {1972 and 1974 Classes) In et Resources S

Science and Engineering

An In-Depth Study of the Interactions 7717943

Between Scientists & the Publishing
of Scientific Journals

Sciénce’ In- § 49,800

"19
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| DATE oOF

s

8/77

6/77

2777

1 12/76

6/77

9/77

AWARD

177

BT

FIRM NAME

Cambr1dge Systematrcs, Inc,
Eambr1dge ‘MA

re11man Research Assoc1ates
Jenk1ntown. PA

1nternatzuna1 Research and
Technc1ogv Corporation
wash1ngton D.C.

Ka!ba ‘Bowen Assoc1ates, Inc.
Cambridge, MA

Scientific: Analysis. Corp.
San Francisco, CA

Scientific Ana1ys1s COYP
San Francisco,. CA .

The Futures. Group
Glastonbury, CT

J.-H, Wiggins Co.:
Redondo Beaqh,;CA‘

Aerochem Research
Laboratories, Inc.
Princeton, NJ.

RESEARCH APPLICATIONS DIRECTORATE

"#Y 1877 SMALL BUSINESS AWARDS

Personal Transuo£t5t1on Modes An AsseSSment 77- 16108

of Use, Cho1ce, and Future Preferences

Large A1r Transoort Techno1ngy Assessment

Materiats ProeéSS ='Pfoduct.M6del

A Framework fnr Ana1ys1s of TechnoIog1ca11y-
Induced Soc1a1 Effects

Eva1uat1on Systems for Techno]ogy
Assessnents A P1ann1ng Study ) _
Inst1tutlona1 Var1ah1es that Impact the
Performance and Use of Technology Asseéssment
Studzes

Techno?ogy Assessment of L1fe Extend1ng
Technolagies

Risk to Structures from Natura] Hazards:
A Technoingy Assessmnnt

Aerosol Character1zat10n in Rea1 T1me

AUARD

NUMBER

y

76-80328

" 71401663

AOG

76-24067

f‘75;82745-

77215503

AD2

75-09998
Al

77*11252

75-10708

IR
ade i

PROGRAM :
AREA AMOUNT.

FEER

Tech. Assess §243, 072

Tech. Assess. '48.560

Tech, Rssess. = 4,275

Tech. Assess, 136,400

Tech. "Assess, 29,700

Tech. Assess. 153,100

Tech. Assess. 16,728

Tech. Assess. ° 30,000

Environment 113,800

£9

Qo
i
o



¢ DATE OF

S _AYARD -

W7

9/77
3/77.
9/77
9177
9777
9/77
2177

| BITT

AL

577 .

.Mefé&rdfdby Research,

. FIRM NAME
Inc.
A?tadena, CA

Horth. Amer1can Weather
Consultants

Goleta, CA

Panametr1cs, Inc. -
Ylaltham, MA

Perceptronics, Inc.: -
Eugene, DR

N11]1am Spang1e & -
Associates -
Portola Yalley, €A

Stéﬁiing Hobe Corporation
¥ashington, D.C.
Teknekron, Inc.
Berkeley, (CA

Weidlinger Associates -
Hew York, NY

Westgate Research. Corp.
Los Angeles, CA. . .

Jd. H, Wiggins, Co,
Redonde Beach, CA”
Hilliam & Works, Inc.
Grand Rapids, ML

;- PROJECT: TITLE -
Application of: Comjuter Graphics to Air
Quality Data Analysis
Workshop on: Extended Area Effects of.
Keather Modification

The Role of Solar Ultraviolet Radiation in
the Formation of Hydroxyl Radicals in the

,Troposphere

ng, Evaluatzng, and Manag1ng
Environmental Risks - Part II

PoStJEarthuake.Land:Use.R1ann1ng

Development and Testing of Risk-Benefitw
Cost Analysis -for.Poticy Formulation

An Analysis ‘of trban Drought: K Case
Study of the San Francisco Bay Area

: Underground L1fe11nes 1n ‘a Seasm1c

Env1ronment

An Invest1gat1on into-the Chemistry of the

U¥-Dzone Mater Purification Process:
Cost-Benefit Risk Analysis of Research
Budgeted for Hazard Mitigation

Use of Wetlands for Management of Pond=
Stabilized Domestlc WYastewater

JUARD.
HUMBER - .

77-12487

ol
77-15028

76-23902,

77-15332,.

76-82756
77418500

© 7746283

76-09838

por

76-24652

71-08435

7620812
AO1

- Environment -

PROGRAM

AREA sy o AMDUNT
Environment, ;

. Environment .

_Envirvonment .

Envivonment .

Environment

Environment ..

Environment

Environmqnt

Environment

AMOUNT

133,100 ..

30,800,

37,200

213,200,

347,200

42,170

93,600

- 208,300,

* Envivonmerit " 154,000

40,500

6,400

59
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DATE OF

er77
877
j‘\

9777

- 1é)55
977
{5¥?7
.3/77
% a7

7

977

i AWARD

Harmony. Blue-Granite o,

Etbertan,. GA. .

-Holosonics, Inc,
"Richland, \A.

Holosonjcs, Inc.
‘Rich]and, WA_ :

. Holosonics, Inc,
“Richland, WA~

Hotdsenics, Ine.
LRI d

IRT Corporat1on .
“San NDiego, CA’

“Tanncapt;. [
‘0alles, Tk

Integrated Sc1ences Corp.

“Santa Monica, €A

.Internat1ona1 D1agnnst1c

Technology
Santa.Claras CA

’kéﬁ1éggVC0rp6réfibn"'

Littleton, CC

Koba Associates, Inc.
Washington, D.C.

CEIRMNAME . .o

Prediction::

" BROJECT TITLE |

.Studies of Improved Gran1te Cutt1ng ;
Techniques ;e s .

- Scanned Acoust1ca1 Ho!ography for Geo10g1c
~Prediction- S |

Scanned Acoust1ca] Ho1ugraphy for Geolog1c

i

Scanned Acoustical Ho1ography for Geologic

_Prediction

'Scanned Acoistical Ho1ography for GeoTog1c
ﬁPred1ct1on '

"Head’ Halr

i“edera] Ass1stance Delivery .System. -
‘Productivity ~ Small Business

§V1sua1 Feedback Speech-Training System .
‘for the Deaf

JIﬁpkovedfMethndg‘an‘fﬁé'RapidQDetection‘
‘of Microbial Contaminants

"Resource Allocation System for Construction

Industry Managers o

Condition Forecast Economic Welfare Among
Retirement Aged Blacks in the Year 2000

 AWARD PROGRAM
NUMBER .- AREA; AMOUNT
77-03288  Productivity 60,500
7720075 Productivity, 131,600
77-20075  Productivity 107,353
T L B T
73-03200  Productivity 49,900
ﬁ03 - )
73203200 Productivity 51,617
AD4
_ﬁ77719721 ‘Productivity -24,646
76-20856 - Productivity 55,900
ROl
*77-19883 . Productivity 24;474
*77-18701 Productivity 25,000
¥77219782  Productivity 24,953
76-83410  Productivity 173,200

L2

%8



9777

ThAL

8/77

5/77

8/77

| DATE OF
AWARD

" Flam NAME
“'Stearns, Conrad, & Schmidt
-~ Lonsulting Erg1neers
;‘Long Beach CA L

v.Technzca] Assistance Research
. Programs, Inc, :

““Washington, D.C.
r'féi spdce Inc.
Rockville, MD

Terra Tek, Inc.
Sﬁlt_Lake‘City. uT

“Terra Tek, Inc o
- Salt Lake City, UT

The Futires Group ¥
Lﬂﬁlastonburx,_cT

_,Workers' D1sab111ty Income
“Systems, Inc, . .
Washington; D.C,

Manalyties, Inc,
~.San Francisco, CA.

Mar-Jac Corporation
Gainasville, GA,

-Delivery Programs:

'ﬁStudy of Governmen

- AWARD

PROJECT TITLE NUMBER
“‘Decision-ReTated Reséarch on Technology  ~77-17354
4 Utilized, by Local Government: Refuse
’ Co11ect1on Phase R O

_Ident1f1cat1un of.the Nature and Freguency 76-84200
. of the PTOdUCt/SETV1CE Prublems of ;the P
“Consumer N
" Wjdraulic Bursting of Concréte andRock  77-19808
Hydro- Mechanlca1 Sensing of Deep Hole *77-19526
brilling Dev1at1ons s )
“pesearch on the S1mp11f16at:on of’Méfhoﬂs }*f?41§461
. for Measur1ng Fracture Toughness :
RS Study oF the Consequences and Po11cy "76L34621
Impilications of Increased Unionization
- .of _Court Personnel , . ‘ )
An Evaluation of State Level Human Resource  75-01067

Dj;ab1l1tydﬁompensat1on CAD3
Programs ’ T

'jIndustry Cost -Sharing 7418714
as an;; Incent1ve ‘to_Technological .Innovation .:AQ4 ::.

Studying the Feasibility of Automated
Hand1ing and Tranifer Techniques for the
Poultry Processing Industry °

| 77-09749

PROGRAM EEiN
AREA AMOUNT

“ productivity 221,119
Productivity 50,300

-Productivity
Productivity .
Productivity
Productivity 160,900
Productivity 23,200

;_Indus;ﬁProg. 4,720
Indus. Preg.

49,900

69

00
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" FIRM NAME
Experienced,Resburce
Group,. Inc.

Baton. Rouge, LA

Capital Systems Group
Rockville, ME

Courtesy Travel
Washingten, D.C.

Courtesy Travel

. Hashington, :D.C, w. i

‘ck Yeung Prdductions
* York,
" pa Systems

alington, VA G-
Media Four Productions
Ha11ywcod CA

Med'la Four Product1ons
Ho11ywood CA

vision ASSUCIEtes
New York, NY

Design Alternatives, Inc.

Washington, D.C.

" PROJECT TITLE

Alternative Food Delivery Systems = .. : .

An Expicratory Assessment

Support Operatlons for. the RANN Techn1ca1
Information Program

Travé1 Support for " RAHN Symppsfum Speakers

BiLateral Research Coordination Meetfngs

Preparation of Treatment/Concepts for Four
RANN F11ms:

RFP 76-120 - Provide Expert and Technical
Rdyice and Services for: the Product1on and
Staging of a RANN.Symposium. S

' Preparation of Treatment/Concepts for Fnur

RANN Films

RFP 7F-102: Production of Four RANN Films

'Pr;éparat{bn Of Treatméntfdoncepts for FOIJI"'

RANN Films

Workshop to Identify Appropriate Techno-

Togical Responses to Resource, Environmental,

and So¢ial Challenges to the Economy

cor AMRRD© PROGRAMw oo oin
© NUMBER AREA AMOUNT

7?;07184 Rescurces - 7,700
A0T
75122473 Communications 260,377
405 :
77=01320 Communications 40,000
77-01326  Communications 1,500
A01 '
77-04862  Communications... 5,000.-
76:E34§é“ thﬁdnf&ations 58,666

*'7?;04353 Communications 5,000
7717353 Communications 113,410
77-04863  Comrunications 5,000
77521824 Exploratory 84815

AT Research

A

648



=11 -

ATE OF : ' ' : R4ARD PROGRAM

AARD FIRM NAME PROJECT TITLE NUMBER AREA AMOUNTﬁ
S5477 . Impact Assessment Institute Revised Bibliography of NSF Techno1ngy RN-2556 Tech. Assess.” 8,700
' Bethesda, MD Assessment Projects 7SP0B06
3/77 Information Transfer Proceedings of Conference on Sludge RN-77026  Environmant 6,250
Rockville, MD Managament ) 7SP6756 ]
3/77  International Planning Problems of New Business Venturas Ut111z1ng RN-71217  Indus, Prog. =~ 9,707
Managemant . High Technology ) 75P0795
Beth da,_MDﬂ.
WY1 ensy Inc., . . RANH IT Exhibit  , . RN~2401 . Communications. 5,882
Ar11ngton VA - v 7SP0740
1/77 Underwater Systems, Inc, Statistical Analysis of Data Collected RN-0745 Research . .1 7,500 o0
S11ver Spr1ng, MD on the | a]uat1on of RANN Pronosals . 7SP0453 Evaluation )
i - . . . ot
3077 hoodward-c1yde Consultants Imp]ementat10n Maasures to’ Reduce Earthquake RN-6782 Env1ronment 1,000° ‘
%nanmsw,CA HuaMsofme_ 758P1044 et
3/77 Harold Wise, P1ann1ng Information on Federal Prbérams with - ™ Ri-6061 Intergovern- - 9,959
. Consultant Maximum [mpact on State Policy Formulation 78P087Q ment_a_1 Science

Washington, D.C. -

_ e . L R T S tals 7,66 242
iwards made with funds carried forward from Transition Quarter: ubtu 2 $ 9

13/77 Forecasting Internat1ona1 Development -of 2 Methcdology to Forecast 75-16374 Product1v1ty ;12,9D0
N Arlington, VA . .. Events' Affecting:Productivity" ' - A2 T
V377 Bernard Wolnak :& Assoe. Workshop on Enzyme Ecofiahics 76-10166  Resources 12,000

Ch1cago IL yoaEen oo

7,694,142

¥ Bwarded uAdeT Program Solicitation 77-12 - Small Business Innovition Applied to Nations) Needs

gL



BIOLOGICAL, BEWAVIORAL, AND SOCTAL SCIENGES DIRECTORATE

DATE OF : '
AHARD FIRM NAME

Ry Institute for Scientific Informa-
. tion
Philadelphia, Pa.

PROJECT TITLE

A Citation Index for Physics: 1920
to 1930 ' '

AWARD

PROGRAM
NUMBER AREA . AMOUNT
1714957 Social $82,700
Science

74

€08



DATE OF

_ANARD

2/77

11/76

FIRM NAME

Dick Young Product1on5
New York, N.Y

Executive V1deoForum Inc.

New York N.Y.

OFFICE OF GOVERNMENT AND PUBLIC- PROGRAMS

PROJECT TITLE
Treatment/Concept of NSF Film

Content Analysis of. Videotape from
Project: Knowledge 2000

AWARD

PROGRAM
NUMBER AREA AMOUNT
7708839 $ 5,000
' Community
7684534 Affairs 823,085

“LL

‘g98



Talle 5-9. Distribullo ot doctoral scienlists and engineers.

by lield, 1973 and 1975

- Number Percent
1973 1675 1673 1975
Total ......... 244921 277917 . 100 o0
Physical scientists 53,425 59267 22 21
Chemists ..., 33,081 30,704 14 14
Physicists and astrenomers ..., 19.544 20,483 ] 7
Mathematical sclentists and L
. computer-specialists .. 16,458 18,204 7 7
Mathemalicians . 11.984 12,729 5 5
Statisticians 1531 1813 a S
Compuler spe: 2,943 3,662 17 -0
Lile scientists ....... 64,540 72316 26 28
Biological scientists . 41,035 43,754 17 16
Medicat scienlists ... 11,612 14,285 .5 5
Agriculiural scientists 11,893 14,277 e 5
Environmenial screntlsls. 11,074, 12,783, L] ]
Earthisciendists .- 9142 10.076 4 4
Oceanographers 1,227 1,353 1 ",
Almespherit scie 705 1,353 () )
Engingers P 37,563 44.425 15 16
Psychologists . 28,288 31,613 12 "
Sccial scientisls 32,773 38,251 13 14
Economists ..... 9,678 - 11,049 © 4 4
iologisls and anthropal 7.455 BF7S -3 3
Olher social scientists . 15,640 18,427 6 7
796 - 658 ) {1

Field not reported.

.!Less than 0.5 percent.

NQOTE: Delail may not add to totals bei:ause of rounding.

SOURCE: National Science Foundation, Characieristics of Doctoral Scientists and

Engingers in me United Stales, 7975 [NSF 77-309), P viil.

See Table 5-16 in lexl.

79,




869

81.

Table 5-15. Doctoral R&D scientists and engineers*
by lieid and lype of employer, 1975 -

-+ -Business -Four-year

and’ ' colfeges and “Other
Figld Total industry - universilies Government employers
‘«‘Mumbar :

All fields? | 13786 " 45,3527

F 41776 15,470 11,188

Scienlists ... 88,830 26,489 ar.ee 12,891 9,631

Fhysical scienlists . 31,752 18,610 T opazz 3321 T 2100

Mathematical scientists . 3,154 71 1,776 4585 172

Computar specialists ... 1LBB2 T LI3T 418 ) 188 152

Environmental sclentists® 6,236 1.553 2147 1874 862

" Life scientists .. 33847 - .: 5731--7. 19070 - 5386 3,680

.. Psycholagists and socxal s enllsls 11,841 . 1367 . 6.070 1,630 2,865

-Engineers .. 24,966 ¢ 16,8637 ©3,857 - 2579 1,567
. v +7¢ iosPercent distribustion across felds -

Alt fields? ... 100
Scienlists ...
‘Physical &
Mathematical scientists .
GComputer specialists ...
Environmental scientists?

160 -

Life sdientists ...\, .
Psychologists and social scxenlls
ENGIRBETS «vvvsimnreerrntinetsiensnsarineetstsmvmner
All fields? ..

Scientists
Physical s¢;
Mathematical scientists |
Compuler specialists. .
Envirgnmeatal SCienllslS’
Lite scigntists ..
Psychologists and socual scientisis

ENQINEBIS ...ovvueuiciiciicuniaans

7 Includes 7. who did not repart their field:
3 Includes earlh sclentlsts cceanographers and atrno

NOTE: Detaxi may not add lo totals because of mundl

SOURCE: National $cience Foundation, Characlensncs o.f Docrora.l Sciantists and Engmeers in the Umred Stales, 1975
(NSF 77- BDB) pp, 50-53.

See Figures 5-23 and 5-24 in text.
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R and D output, i.e., in terms of technical change, the contributien of
small firms. may well be much greater. than thisspercentage..-Unfortunate:
.-very 1ittle has been written about R and D_of small firms.or.abeut E an
D that occurs outside-the context. of:a- fermal program- due:to- the-lack o-
.. basic data concerning .them. .-There is.a considerable amount of literatu
cencerning R and D and firm size, but the smallest firms. considered arc
generally targer than our small firm definition. The minimum size of
the: typical firm.considered has.more than 1,000 ewployees and, when sra.
. er firms are included,, firms,with less than.1,000 e'rnp-prees are:jumpad
4:_tpge_the_r. as the.swmallest size.class.. Consequeptly, some.of the results
reported here are.for this size class and,are noted; specifically. -

“We wish.to gistinguish auong the three different product phases-of R an’
A By i.e., dnvention, development- and fnmopation. . By. invention, we.mean
™ o fhthe preduction of a model.or an idea sufficient]y develeped-to.be paten
9,1} .able: . There are impoptant i nyenfions, espacially. in: the form of. ideas,
A that weuld. not be cbver_ed by this, qéf.‘irni_t;ipn; howgver, for. our purposes
"L, ithe defirn_i'_._l:_iab'has, s.ul:ista_n.tié}. 'adv,ént_ages of specificity. .Déye;laplmen:
refers to the process of bringing the dnnovation to the stage of comner
cial appiication. By Znnovaiion, we mean the actual adoption of the
developed .invention. - ' ’

e A o o PR T L U
. ilong of, these definitions is entirely satisfagiony, bul.they do .convey
.-useful.sense of distinguishable product phases. The actual, definition
_nat very impartant.since there is so little empirical.work distinguishi-
amoﬁg these different phases under any rea,s,bnab}e_'d_e-finitiﬂn because
there are little basic data available. This is also unfortunate for ou:
purposes, since an appreciation-of these product phases is germane to
q_pestist abqutr the ro]e o‘f_vsm_aﬂ nf;‘rms in_ R and. D.

o

"“A'l though there 15 a consrderame vo]uma of work concermng 'Iarger Firms®

and formal R and D programs, th1s almost umform]y suffers fro-n 1mpo-ta-
’ ]1rmtatmns whose ef fncts are to 1eave manv of the 3mportant emp1r1c1

and policy questions unsettied. ~These Jimitations arise from basic praod
tems such as the absence of any ;.el] regarded measure nf R and D outr

or input, Some regard measures of R and D input as the best meastire o
"R and D outputi biit thelimitstisns of such iieasubes; especially incan. .
“sidering the efficiency:6F Riand O éxfisnditurds, {5 obviotsy Béyond th

Cimeasiés OF R and: D input-siffersfrolm 1imitatidns of itheir owr.® Techri-
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i Peiersen. Fora samu]é'bf Nebraska firms, they Tound that g percen* of
| firms with less than 500 emp]oyees ‘ehdaged in Rand 0.17  This is con-
sistent w1th the vesults of a questlunna1re studv cuver1ng elght states
by NcConnei1 -and Ross 18 i L

Confidence in the Mthnné!l'uhd Péiﬂrson and HcConne11 and RosS results
is increased by their ccns1s;ency utth the resu]ts of an ear11er Harvard
study conta1n!ng % similar def1ﬂ1t10n of & and D. 'For “the ear}y 10507,
32 percent of Firms with Jess thai 500 enip Toyees Fad R and D programs
The definition of R and D in the stud1es used_to_obd ubta1n *hpse resu}ts tn-

: _tluded tﬁé 1;5}5}énent of ex1sttng"b90ducts and_the devn]opment of new

é ) _products_or new production: me;hods “The definition exciuded market rp—-

' search, quality control and’ pradu t test1ng, and R and D performed by |

- part- ~time personne} and by Spec1a11sts externa1 to “the f1rm When thp ’

* definition includéd part-time personnel and “outside’ spec1alasts, an’ '

addltlnnau 7 percent of the f1rms qualzf1ed fbr categnrrzat1nn as haV1ng-“r
"R and D programs.

- Where results wefe reperted by indisiry, d'wide*variéﬁéﬁ was fb&hﬂ'{h

the percentage of a1l firms With an ® and o p:ogram “For eXamp1e, 1n

‘the McConnell and Petersori study” this percentage varied fron a h1gh of *

68 in the chemical industry to a Tew of 13 percent in the transportation

equipment industry. 51ze dtfferences ameng siall f1rms is the maJor ex- N

planation for this variance! “The’ simple relationship reported by s
——McConna11 and Peterson between fim size'and the: per»entaoe of firms on-

gaging in R and D was str1k1ng Only N percent of f1rms with one to "”

five enployees engagﬂd jn R and D but ‘this 1ncreased to 93 percent for'

- firpis in the iargest category of 151 to 500 emp]ojees The same trend )
is found when firms with more than 500 employees are cons1dered Even:'a: “

~if the high 3§ percent f1gure ‘sugges ted by McCannea11 and Peberson as the
portion of small firms engaging in R and [ is accepted as reasonable
{and I think i¢ is), larger firms have still h1gher perceritages. The
re]at1nnsh1p appears v1rtua11y monotonic with size.. oo - o R

% The probab]eireason5'for this factor-are straightforward ana-important. =

" The most importint;rnason js.the differential (finangial-constraints faced !
by smaller firms. The availabitity of.capital s oftén the:crucialb -
*

question determining :the survival-of the small.firm:--Peséarch and develn
opmeht impnses ;2 capital-drain and ingreases the wulnerability of the .. -\ e '-

‘mrléﬁ_ .-,;ﬁfi .:f

34-270 O - 78 - 58
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accounted fof abGat 65 peréent’o? R and’d spend1rg a8 repoited by the*™
.Hational Sc1ence Foundatlon, and by 1975 “this r:aure “had-detlined to’
‘.about 58 percent.??  Since Fédardl R and D fund1ng"goes ma1n1y o 1a'ger
’ f1rms this-aTone snovld contribuie mater1all; e re]at1on;hnp between
: firm size and Rand D size. Even Bn & percéntauebhasis; the"di screpancy—”
is large. In 1965, federa) furds apparent1y financed 57 percent of large
corpany R and B, bt funded’ on]y ahbit' 35° percan 2of Riand O for fivms® - Y
with Tess than 1,000 employies)22™ Probably f5i f'rmSTWfth Yess thah 5007 77
employees, the percentage vias misth 18ss - than half of this: - When Federal™
“funds were exc]uded Sm1th and Créarier foing: that R and’ D expeiditures .
as & percentayé of saled 611 Fron 5 percent'?ﬁ'2'l sercent ‘for the Tar-""
gest size class“and from 0n1y 1.8t 1.4 For thelr smal]est size clasgh | &7
of less than 1, 000 empiuyees R ‘ :

s

HoweVPr. tha :urpr151ng resuIt is that" amcng fmaIT firms the re1at1Cnsh1p

is genarally quite weak bntween Fivim size and ® and D spend1ng For - ° 7

Mctonnell and Peterson's sample, a simple’ regre551on of 'R and b employ~ "
"ment against the nunber of employees 1nd1cate that- only 34 percent of

R and B variancs ‘is exp1a1ned by Firm size.25" Séparéte”?eg?éssions"ih—

dicate a range from 72 percent for ‘the chemical :ndustry to 6.5 percent T

for stone, clay and gliss. Again, ‘ther's is some tendency for the re-

Tationship to be’ stronger for the more ‘capital- tntens Je Tndustries.

Smith and Creamer' s ‘1rures show that 83 percentof the ‘R and O progran

of firms with Fewer fhan'1,000 empiovees was Tess tnan $39,000 in 1965

This genera11y meant a staff of tug’ peop]e

Intensity of R and D generaily is measured by R ‘and b emp1oymcnt or ex--
penditures as a,percentage of tota] nm71oyment or sales. FcCOnnell and
-Peterson show a marked negative relaf1onsth ‘hetwzen B and 1ntens1ty '
and firm $ize, where both are nizasured in emplo;ment terms.” The vank’
negative relationship betwean fivm size and R and " is perfect for their
sample.26 ‘Research and devélopment intensity falls steadily from 427
percent for firms of the smallest size class of less than five emoloyees
to 2 percent fur f1rms of the ]argest class of betwaen 157 and 500 em- -
pioyees. Probably there is a minimim size ncuefsary for a successful R
and D program. Th1s means that while fower swdld f‘rns undertake R and -
D, the firus tnat “do undertaPe the nffort have progrars 1arger 1e]at:ve
to the size of the Firm. ’ -
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are among the five industiies found by Gruber, Mehtd 'ind Vernon to be’of
dominant and crucial -importance in U.S. 'expart trade due’fo their R 5nd' :
0 characteristics.  Chemicals: was one of the other five 1ndustr1es and o

”according to Scherer, exhibits dininishing refurns’ td'R and D Tnpui exl’
cluding the Targest firms.30" Schérer measured Inv=nt?ve oltput 1nten§1ty
in the form of patents rather than input intensity.- ?he chemical fndus- v
try showed decreasing returns of ‘patentieufpit' fo R ang 0 unfil it

.reached sales of about $1.5biT11i6n, at which po:nﬁ‘iﬁcreésing ré tiirns - T
~ appeared. This effect was due to essent1a11y & very féw giant chemidal” ’

" companies. When: ‘TegariEhms of the” ‘sales variables dle tiken to compress“*
the effect of the-Targest firms and the regression is” rerun, d1m1n1sh1ng e

_returns occur’ throughout " The e]ecfrtca1 xndustry ‘alsg'sras found by
Scherer to exhibit diminishing retiurhs.  The chemical and’électrical 1n—u
dustries were. theé ofly two 1ndustrles fer w?1ch separate, unaggregated
runs were tade." : [ : : : o

Scherer's general results are fairly consistent with those of McConneld e
and Peterson. “Scherer found that "inventive output increases with firm
* sales, but generally at a rate less than propurtioﬁa1f"' The Yess than
_proporticnal .contribution.of larger.firms to innovatior is.alse.consis-
tent (except for.their results for- the-largest four Firms) with the work: ey i -
of Johannisson and Lindstrom3! for Swedish: firms in twelve industrial
sectors. e e (R TR AN :
Quite different resu1ts,‘genere11y for a different set of industries, are
reported elsewhere. Mansfield32 found that maximum innovational inten-
sity occurred.at.about.the.sfze of the sixth largest firm in.the petro- -
Teum and coal industries. and at about the-size of the twelfth largest
firm for the pharmaceutical industry when patenis.are weighted-for-impor-
tance, and at_aus1ighfiy 1argef;siie when. they .are not. \Ffeeman33 found
that firms with less than 200 emp]oyees.accgunted.for—a'much smaltler ..
proportion of the innovations than their share of employment or-net. .
viorth. Their share of inmovations was slightly less than one~half of
! . their share of employment and .net.worth. - However,.the bias toward.largers
E firm R and D prodiced. by government funding. may be considerably greater --
i in Britain than in.the United States,.where it is nevertheless important. -.. -
: Possibly the dispropgrtiunate share of;larger firms in-R and D in Britain:is . ..
a consequence nf.gﬁgregter proportion of R and D funding coming from:the-

government there, with,a similar.bias toward.large firms:

SO0
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industrial Naboratories. " In'a way, fueller” s requits“1 are even ii*
_striking. From a sample of the twentv-fIve must 1mportant tnnovatlons 2

. agtually developed by DuPont Col; in"the’ 1920~ 1950 pPTTOd te found that
only about 40%percént’ were discovered 1n:t1a]1y in DuPont's ]aborator1e5..‘
This_is especiatly 1mpress1ve since the f:nd:nus relute to an 1ndustry :
in which ecoromies of scale in R'and D have been noted especta]]y emong
.the very largest fTrma, of which Du?unf 15 one.!

Even more persiasive ev1dence for tHe' thes1s advarced hera that sma11er t_
firms have a- comparat]ve adantage in ‘nventiveness s fuund in the Ilt- ,
erature survev of Hamberg“l hho surveyed studles w1th six d1fferen
samples of major inventions. He concluded that }arge 1ndustr1a1 1abora—

© Ay i BT

uc m1uor 1nvent1ons Gther 1nvent1ve snurces

tories mainly tended to ﬁtd
o PCA | e T ey 1 e

proguced

- 7 ) ukhnual ih:-‘
e 1mportant 1nven*1uns In suil,’ there 15 falr]y strong ev1-

PRRPIpPET— LA GCA L e £ A T A SRR

dence that the most 1mportant Tnvent10ns come from sma11 f1rns, ur sume—

Miarrn v o

8

imes one- “parson dpetatIOns or from academ1c >ELt1ngS As'ﬂaﬁberg notes, N
”'-———the probab111ty that fnveations will be STgn1T1CﬂﬂL thus apnear to
dec]Ine as-a firm géts" blgger——e'"“3 Schumacher s““ "sma]] is beaut1fu1" o
thesrs may be’ espec1a11y true for 1nvent1ve TIt” appears 11ke1y ) )
“independence, “freéedom” From bureaucracy and perhaps, persona]1t1es'ont1—‘ g
pathetic to that of ‘the "organ1zat1on man""aré charatter1st1cs assuc1ated ;i'i‘_
“with fnventiveness, " freater inventlvenes perhap uoLid ba achaeved TEE
a greater port1on of ® and D resources were 1nvested by smal]er f1rms o

Howevear, not only aré smaller firms more 11kely to produce more 1nven-
tions, but also they are likely to do so at less cost. Rand D expendl- )
tures per patent pend1ng by size of firm for six d1fferent 1ndustry )
groups (maeh1nery, chem1cals. eTectiic- eau1pment petr01eLm. 1nstruments o
and all otPer 1ndustr1es) for 1953 shnwed Just such a pattern 5 .
every industry except ¢hemicals, Firms °mp1o;1ng more than g, UUG Deup!e b
" spent mure per patent than-did firms emp1uv1nn }eqs than 1 GOU people
In fact, the cost er patént for the Iarger rurms Has abnut twice that‘ .
for the smaiier e m—

LU S e SELEE I I : T . : i o ' :

~The notion of ‘inventions ‘of decreased 1mp0rtance at 1ncreased cnst 15
nicely consistent’ with' Comanor's study of the pharmacoutica1 1ndustry 1n N
which he found that "marg1nal pruduct1v1ty of profe<:1nna] resourch ap—

peared Tnverselv re] sted to firm size. g

e k T T SR Yt e e
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UnFortunatel}.:Connar does not separate invention from develcpment-or
ionovation. His questionnaire. includes the ‘three stages, which is some-
what at variance with the. hyputﬁesis'here that the primary-cdmparative
1nnovat10n. ,Howgver, many of Connor's interviewees were from the elec-
tronics industry.  From the material presented in the second section of
this article, this appears to he-an area in which R and-D intpnéity'is
greatest for small firms -and; thus, probably the sum of ‘inventive and

" development costs in this industry tend to be'less for smaller firms.

But, Cunnur presents a study of the para]]e] devetopment of a product by-:'
large and small chemical companies. "

smaT] company (two re-

ghth;t
haps one should empha51ze though Connor does not;

search personnel) were: about unei' or
hat th15-product was
one for which-the smatl company knew that-a market ‘existed because’of i
customer requests and obe for which development costs were not large’

{probably about $15,000). :The point is that the risks‘assaciated with &' *
developpental expenditure Were not large and thatithis was a feasible::
project for a-small.company. Certain types of projects aré clearly not’ "

suitabTe for development by a small company beciuse of the specialization -

and investment required.

_Further indication of the relative inefficiency of Targe Tirms in the

ne

production of kbowledge is. indicated by Sanders” resuits"® that revead’ -~
that the biggest companies use about 50 percent of their patents, While:
the smaliest companies use about 76 percént. Similar results:are shnwn"

by the Patent Foundation of George Nash1ngton Jn1vers1ty 50

The argument b%ﬁng_que_berg is not-xhatlsmaﬂTer fifms'are-morE'c%ficieﬁt
in R and D, byt that they are more éfficient in thtaih, Cspecialty ind
tial, stages of the product ¢ycle, i.e., in inventivensss and even in

development. in 'certain fnstances. We also: argiie that’ théyiJré*relati#élfi"

“more efficient invcertain-industries such as 91ectr0ﬂlc; ang s¢ientific <&
instruments. Jhis: vieiw sees a ceértain. comp]ementarlty ‘betwden darge’ and:

1T S
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targe for developing an ivivention into usable’ ford is, ‘of coursel fHpor-"

tant in its own right. ' But What ‘gives ¥ a specidl urgency is that it
Ffuns. counter to current riyth¥ Created by Schuipeter®s dnd enphasized by *°

“GalbraithS6 régarding Firi size ahd SEructire Hnd THoVELIOh. " Schilips taR',
hypatﬁesis is usu&]ly interpreted as requiring moropoly power and large
firm size for the most efficient innovation. Hence, Schumpeter's thesis
usually is Yested by measlring the rélationship; if any, befieen Fnduss 1 -Lin
try concentration as a measure of mcnopoly and innovation ‘ard by measur-
ing the correlation Setween firm size-and innovation.-

The cerrelation of monopoly power and innovation may be -inappropriate as -

a measure of Schumpeter's .thesis. Schumpetar;5tres§ed;1arge firm siza,

the possibility of acquiring.or.-holding monopoly - power«by-innovation and :

the effect of potential or acfual competition-in stimulating innovation..

It is quite unclear that the}Schumpeter%aﬁ‘thésis_wgu1d 1gad ione to ex- .
- pect any correlation between existing monopoly and;innovbtion;_-Certainly,_

if innovation can lead to successful monopoly, which it clearly can, one

viould expect to.find at.-least some: correlation between wonopely and lag-..- =, .o
ged R and D. However, - this. would not.mean that:monopoly is the market . ... .
form best suited for:producing innovation.. The failure of-existing .
studies to.generally.find correlation between industry.concentration. and

innovation suggests that actual! competition may be more iiportant-than.. . . ..
menopoly as. a-spurste.irnovation. - This is not: hecessarily-inconsistent. - - .:v
with Schumpeter's thesis; he notes:

ln a caplta!1st rea11ty, as distinguished frem the “textbook plcture,‘1tr

s ot that. k1nd of compet1t1on (pr1ce) whlch counts, but the naw tecg—
;E?EE}, the new source E?ZSJpPTy—-.' it is hard]y neeessary to ﬁdint Ehtf‘f
that compet1t1on oF the kind we' now have“]num1nd”acts”not.iny ‘whap in"’.
being but aiso when it is an ever present threat. The business man’fée}ﬁi
himself to be in a competitive situation even 1f he is alone in h

field."s?

As Kamien and Schwartz intérpret Schumpeter; "immediate imitation of a
firm's new product or process by others as in perfect competition; weuld: ™
eliminate realizabie rewards and thereby its incentive to-irnovate.”>8
Essentially this is simply an arqument for an effective ‘patent sysiem
‘and an antitrust policy that exempts monopoly power acquired by techno-
logical superierity. This vieW'is consistent with Com@nor's findings
that moderate barriers-to entry were:best in stimulabing’ fnvention.®?

S
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‘would be Dbtimai.  Unfortunztely, the -assumptions necessary for this
ideal system are far from.met.: Uncertainty .in: Vnvention is especially.:
great, and uncertainty .is the-enemy of efficient long-term. contract.®l

Contracting costs:become greater with-uncertainty.' One . of the compelling: : -

reasons for the expansion-of Tims:.is the difficulty of making contracts:
in-the presence of uncertainty;-the-gxpanded firm:is an-alternative to .

“long Yarge term.interfivm contracts as:Coase5? noted long ago. The fimoo.

simply incorporates within itself thuse%functianSfthat previously were: .
contracted out.

Thus it is not surprising that. research -intensity, measured say by R:uand:

D expenditures per-unit of sales,, increases with firm size up to a point -
and then decreases. - Approximately the same pattern'holdb‘forckeséarch- toad
~ output excepl that research™output-periunit o size-may peak at-a.some- =

what smaller firm size than for R and D input. In part, this general

pattern relating firm:size to R and'D may arise from the phenomena noted.... “« -V

earlier with. regard to: inventiveness land:development across: firm size,

Inventiveness tends. .to. decrease: as Firm size inc?eases,'but ﬁeve1opmenta! P
L ot
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efficiency 1ncreases Up to some ity size, the oreater ‘advantages nf

B

greater Fim size on deve]opment oulweigh the loss of inventiveness.-Be-
yond this size, the marginal contribution of greater size to developmnen-

tal efficiency and riskireduction dsioutweighed by the marginal loss.ofo:-0 ¢
“inventiveness.  -Actually, as firm size increases beyond some point, -there

is probably -also a-loss of ‘efficiency in purely developmentez]: work aside.-
from inventivenessiThus, there aré definite and corsiderable forces: -
preventing proportional increases-in kiand Drefficiency beyond some point. -
Unfortunatelys; this“boiht-OCCUrs‘at a:firm'e size; that is absolutely

quite large; -certainly for ‘most -industries ‘we are taik1ng about f1rms,

PROPOSALS FOR REFORM

The preceedlng analy:rs 1nd1cates that proposais for 1ncreasing the ef-
ficiency wi th which’ R and D resources are a'l'located ‘shouid uar}* tg da
crease uncerta1nty ‘in patent ovnershlp r}ghts, 1ncrease the eff1c1enuy
of contract Letween unvent1ve and’ deve]opmhntal f1tms and, in general

seek to lower these types of trarsactlons ‘tosts. A step in this direc- = 7 7

t1un vioutd be a mnre carefu] and def|n1te award1ng of’ patent r?qhts than
is present1y the casé, Mora rkqorous standards on; patent1ng Tould be SRR

" imposed so0 that, in gennra1, under ceteris pdr1bUS “conditiohs, the "
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can better guaranten ‘the, 1nventor rea1!y subatant1ai rewarda 1n the case ‘F
of success than wost a]ternative arrangements i

LD —— - . . St T T
towever, pﬂrhaps the most. appealing. proposal; 1ies outside.the patent

system. This is a system of direct granis: ment1oned by rachTuD ani prola
posed 0r191ra11y by James Mad1son at the Cunst1tut1onal Convent1on in

1787.6%  The, government. wauld g1ve,awards and bonuses to individe a.s andJ:.

firms Tor invention in amounts related to the 1mportance of the’ lnvnn- e
tion. Scherer, while not!ng the attract1on of such a scheme, noted the

-drawback posed by the di fflcu]t1es of. estimating. the value oF 1nvent1ve E“‘
contr1but1ons.55 Howeyer, this d1ff1cu1£y did.not heed to be-a substan-
i " tial one; awards cou1d be made in two parts The First,d d"nerhaps'
smaller, part cou]d be made at the t1me of 1nvention A second a«ard
_could be made perhaps 10 years .later on the basis of the.value of the ..
invention as shawn by the intéﬁvehing‘périod . This second award also’
would serve as an: dis1ncent1ve to hold 1nventlons 1d1e, a ‘practice for (*f:' -
which the present patent system 15 cr1t1c1zed Thts sort of system need

not rep]ace the pafent'

stem, but cou]d as wel1 serve as a- supplemen,.
The policy mentioned earlier of discrimipation between large and small’
firms probabiy viould the more acceptab1e and’ eas1er accorrphshed under a
system of direct awards_than_thrnugh the patent system.

e

Any propcsals for reform clear]y need a more thorough work1ng throuqh S
than given hg;e. In ‘terms of, both increasing allocative e=f1c1enqy for .

R and D and of promoting smaller firms, the necessary effort seems wWorth-/~
while. Perhaps the sugge5t1on= here w111 encourgge thlnk1ng in produc— fel

tive areas.

FOOTNGTES
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Arppnpix XVI

ARTICLE, “IMPROVING THE CLIMATE FOR INNOVATION—WHAT GOVERNMENT AND
INDUSTRY CAN Do,” 8Y HLMER B. STAATS, RESEARCH MANAGEMENT, SEPTEMEER:
1976 Pages 9-13

(Elmer B.. Staats is Gomptroller General of. the United States. This
.article is a,condensation of a paper he presented at the Annual
Meeting of the Industrial Research Institute last May.) :

Both attitudinal and tangible confiicts are hampering Government-industry
cooperatmn in-civilian-sector R&D. The U.8. Comptroller General suggests ap-
presiches to & more constructive partnership,

In times of crises, such as World War II and the threat of Soviet preeminence
in space technology, our Government mobilized industrial redourcés—and indus-
try responded well—in 'a partnership effort with industry to meet specific na-
tional goals. Such partnerships centinue in defense and aerospace, However,
we have yet to find the solution to the more complex interrelationships necessary
to deal effectively with civilian sector problems, such as the enhergy cnsis or
the problems associated with environmental protection and safety. = -

Today the Federal Government is playing an inereasingly important role in

_international economic relations by helping to establish better sharing of critical

resources and by assuring American competltlveness in the international rar-
ketplace, More and more American companies are entering into world markets,
not only through exports but also through invesiment in forcign subsidiaries.
Muny companies have developed into powerful multinational corporations. Con-

- _seguently, a whole new dimension of industrial accountability has emerged. This

partnership responsibility is highly important in fostering world peace, assisting
the developing nitions, and sharing critical resonroes for the beneﬁt of ‘alt
mankind., .

The question, therefore, is how can we 1mp1:0ve the commnmcatlon, under-
standing, mutual goals, and working relatlonehaps, between Government and
1ndustry, especially technology-intensive mdustry, in meetmg both natwnal do-
mestie needs and international obligations.

Many ‘people have . attempted to” diagnoge the barriers to innovation and to
offer solutions for.improving the climute for Government-mdustry ‘cooperation.
The. problems. that have been identified generally Fail into two brosd, categories,
The first is toa large ektent subjective and atntudinal The second comprlses a
number of more tanglble factors. ’ : .
T BARBIERS 10 I‘TNOVATION ‘ S l' L

Perhaps the major subJectwe problem: 1nhib1tmg Government~1ndustry coop-
ergtion is the laek of mutual frust: ‘Many Government officlals are sugpicions: of
indistrial motives and -the poténtial economic and- political power of large cor-

-porations, especially those with multinational affiliations. On the other hand, in-

dustry is concerned that Government: officials do not understand and appreciate

the profit motive. Industry also'believes there is a Iack of: understandlng by Gov-

ernment officials of the technology innovation process. o8

‘Also, the meaning of public accountability i commonly misunderstood. Some
Government officials believe that public accountability means that every Federal
dollar spent shéuld be tagged With a'program dlrectwe management control and
Government ownership of whatever results, ©

There are situations in Which a broader view of pubhc accountablhty is &ppro-

. priate “which would not provide forcspecific-direction and ‘management by the

Government nor Federal ownership of the resilting product:: In such cases, the
question to ask is whether Federal funds are being spent wisely in the public
interest, such as to stimulate: mseful innovation: An example that comes to mind
is Federal policy regarding patent licensirig. Some Government officials believe
that patents derived from federaily funded R&I) must be owned and controlled
entn‘ely by the Government H0wever, in most cases, the pubhc mterest may best
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. ESSENTIAL COMMERCIAL VENTURES

There are controversial views concerning the Federal Government's role in
mobilizing combined nationwide scientific and technological resources required
_to, develop major commercial products needed to meet nationgl goals, For ex-
amp'le, although the Eneérgy Research aiid Development Admlmstratlon. in com-
bination with industrial firms, is investing heavily in niiclear power development
some experts question what the specifie role of the Government should be in the’
energy area..

.The basic argument is whether ‘the Govérnment should finance and manage
sueh programs directly or attempt té provide the right slimate and ineentives for
innovation by the private sector ag well as insurance against the risks, with
oversight suﬂielent to assure adequate puhhc protectlon from potential hazards
‘and monopohstle advantage or excessive prices. .

'The energy problem ‘involves extensive industrial partlelpatmn :111(1 itg’ prod;
ucts ultimately will be commercially deliveréd to publie utilities and’ other nsers.”
The technologieal and market uncertamtlee ‘combined with the long time frames
and’ magnitude. of’ eapltal investment, reguirve that the Federal Govemment be
involved. The duestion is:; T4 what extent and how? =~

Two case studies, which shed some hght on this_question, are presented in thei
General Accounting Office reports dealing with the Liquid Metal Fast Breedei
- Reactor Program and the Federal Coal Research Program. In thé case of the
PBréeder Reactor Program, the delicate question of judgment is at what point
will the technology—lirgely Government financed—be sufficiently reliable; eco-

~nomie, and safe as o make it a viable commereial enterprise and how will the

transition from. major Federal 1nvolvement to commercml 1mp1ementat10n by
the private sector be aeeomphbhed

Similar questions areinvolved in developing the meang to convert coal to Sy1-
.thetle gas or liguid fuel, 2 problem made more complicated heeause of the envi-
ronmental concerns assoeiated ‘with ‘mining and developing eoal as an energy
respurce and the fact that much of our coal reserves are loeated in areas which
will reguire large-scale constructlon of pubhc tacilities, such as hospltals sehools,
and roads, '

Thesé are only two of a number of examples which could be cited to 1llustra1,e_
the point that we have not yet established a’ consistent ‘poliey concerning-the
respective roles of Government and inidustr y. in ‘developing major long-term
¢ommercial velitures to meet nationgl needs. Tt is unlikely that a foFmula for
general apphcatlon can be devised, but I believe that studying of policy alterna
tives should be edntinued in an effort to establish » general policy ‘and eriteria.
for gmdance 1n determining the Government’s 101e 1n each sxtuatlon of’ th1s type

MANUFACTURING PRODUCTIVITY -

Improvmg produetlwty in both pubhc and prlvate sectms has been generallv
recognized as one of the most effective means to stimulate economie growth.
Since 1970 the General. Accounting. Office; in:cooperation with executive braneh
agencies, has been fostering efforts to measure and enhance the produnctivity -of
Federal activities, -In addition, we have recently completed a comparison of pro-
grams in thé United States and other countries eoncerned with:advaneing the
state-of-the-art of manufacturing technology, particularly in the manufacturing
of parts and components produced in medium and small lots—with special atten-
tion to the potential for further application of computers to the (lemgn and manu-
facturing process.

‘We concluded that the United States generally uses more advanced msanu-
faetunng technology than other eguntries in the world, The U.8. total output
and output per employed person is higher than any other nation’s. However,
onr advanced technology ig concentrated in'‘a few high-techniology and/or capltal-
" intensive firms, It is not well diffused throughout medium- and sthall-gized coim-
anies. Our study also suggests ‘that, without someé added 1mpetus, the advanced
hnology will.not expand or dlﬁuse widely to sraall- of fisdlvm-sized Tirms:
‘Ot international” compétitors aré expiurinig inereasing shares of foreign mar-
‘kets and- are’ 1ncreasmglv penetratmg U.9, ‘markets. It is significant that they
are competing in those markefs with U 8. high- teehnology manufacturers The
principal U.8. exports £o1 the fiiture ‘appeat to. be essentmlly the sameé ag af
present; ie, pnmarﬂy ‘agrieultural ‘products,. aireraft -ang components, elee-

tromes (pr1nc1pally Cl ,puters) and nonelectneal maehmery Unhke the United
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Discussion and. debate in forums and panel meetings, such as those sponsored
by the National Science Foundation, the National Burean of Standards .profes-..
sipnal societies, and trade associations can help; especially. wheu all mterested
parties or sectors, including labor and consumer groups, are represented Iam
- -told that workshops, such. as those jointly. spousored by IRI anifl the National
b Bureau of Standards; have been produelive. y

sCongressional hearings also. are usefnl. for 1mpr0vmg understandmg and per--
spectlve For example, the Subcommitte on Domestic and International Seien-
tific Planning and Analysis’ of the House Committee on. S(ﬂence and Teehnology
has just completed hearings on “R&D and the Economy”™, = .

With regard to.-the more tanglble issueg, I believe sev eral 1n1tlat1ves ‘edn be ork

-are being taken. One of thege is in the area of hasic regeareh. In proceedmg from

exploratory research . to product deveiopment, rlsks tend to decline but costs in-
crease. For example, the cost involved.in. basie research and. exploratory develop-;
ment to demonstrate technological feasibility of an 1nn0vat10n is generally much
lesg than the cost to complete prototype developuient, ‘tooling for manufacturing.
and market development. These characteristics of the R&D process are suggestive
of the respective roles of the ¥ederal Government and industry.

For specific missions, such as defense and space, the Federal Government sup-
ports all phases from basic research to product development. For technology pri-
marily related to commercial products, the role of the Federal Government, with
few exceptions (notably agriculiure und nuclear energy), generally hag been
limited to support of basiec science and exploratory development of emerging

. technoplogies. .

The private sector generally does not support basic research and education
unless it can identify a direct, prompt, and adequate return on its investment, A
few exceptions are large corporations and philanthropic foundations. As part of
‘the Federal Government's responsibility, therefore, it must continue to provide
major support for basic research and graduale education in both physical and
social sciences and the engineering disciplines.

Wa have not been able to develop any “best” formula for the level of Federal
support of basic research—a percentage of the total Federal budget, a percentage

_.of the total R&D Ludgel, a percentage of the gross national produet, or the con-
sensus of experts in various disciplines. However, I believe that a rationale can
and should be developed and criteria established to assure continmify and sta-
bility of federally sponsored efforts.

In funding basic research and graduate education, the Government not only
supports industry’s R&D efforts by augmenting the selence and technology base
underlying the innovation process; it also supplies a stable base of scientists and
engineers. Basie research should continue to be conducted at Government lab-
oratories, universities, and pnvate institutions, dependmg on the capabilities of
each.

Some reorienting or rethinking of Federal policies and priorities toward fand-
ing the science and technology base may be appropriate. This reorientation could
be based in part on increased distinctions between R&D policy supporting defense
and space on one hand and consumer-oriented technology on the other. Several
noneconomic criteria are important in decisions concerning defense and space
R&D. While there are “spin-offs” from defense and space R&D to commercial
markets, they are not crucial elements in the decision to fund defense and space
R&D projects.

Tederal financing of applied R&D in support of commermal technology should -
be considered in the context of potential economic and social benefits to the Na-
tion and in relation to the private sector's ability and motivation to invest itg
own resources, as well ag in rélation to other Government initiatives that can
influence the climate for private-sector innovation.

Some recent initiatives by the Federal Government botlh within the executive
branch and by the Congress are aimed toward establishing more definitive and
enlightened policies and pnorltles for resource allocation and for dealmg with
issues that transcend the purview of 1nd1v1dua1 agencies and the pm ate sector,

Among these are: ’ )

=rhe pending legislation, now passed by both the Senate and the.Ilouse, to es-:.-
taplish a Science and Technology Policy Advisory Office in the White House,

The Office of Technology Assessment comprehensive study of National R&D
Policies and Priorities ; )

The National Science Foundation R&I) Assessment Program.

The National Bureau of Standards Experimental Technelogy Incentives Pro-

. BTAm,
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In this document we hd?é'atﬁqm?ged_to'g‘sﬁidé’s:ﬁrigf :édiew and

evaluation of éé_geﬁéiq.=$:fﬁéi%cy““ fe

cinlization of high technology, mid sigaseted possible measui

ing ocur position.  The essential points of our findinge as they relate to

the questions poéed’by Ehe Jninﬁﬂéommitfée;'ﬁé 'Ee'éuﬁﬁatized as follows:

1. There is a significant correlanion between levels
- of R&D’ inveatment and. the maintenance of u. 3.

technological 1eadership. ‘Theré’ is no such strong

direct relationship, hetween u. 8, exporta’ of gooids

and aervices derived from such inve:tments, :

. . there could be if the time-lag prior to implementa—

© tdon and commercialization could be decreased.”

2. Private investmenta in R&D" ia the U.°S. are gener~
ally dcclining. and this has aer;ous implic tions
for high technclogy emports._ 'The’ factors:
buting to, these trends however, are many an
complex, and are discusged in the body of thig
document along with recommendations for policies
.which may yrovide incentives to increased these
investments.

3, Ifwe over—aimplify our comments “Yre could say that

’ xole of the & s11 firm 1% largez in thé inno~
vative procéss, but it is’ less equipped to capitalize
on this lead in terms of exporting geods and services
where management/marketing skills apd

' especially the availabIlity ‘of venture capital play -
1 dominant role. The need. for incentivea to; further
capital formdlation is thexefo essenrial.

s
becaiise of its heavy invéstment in existing eqit]
ment, processes and preduct patterns.

4. Some U, 5. RED activity is indeed moving abroad, and
the trend fas likely to fncrease. Govermment actions
could slow the process but would not stop it. The
transfer is desirable from many points of wview, and
inevitable, but steps muat be taken to winimize ite
negative effects on-the U. S. economy.
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i, Tha Role of the Institute of Electricdl -and Electronics Enpgineers . :..i . iy«

On behdlf of ‘this Inetltute,-vsually.referred.to as IFEE,-I wish to.: ... .

- BXpPTEEn my appre.ciat-ionwfnr'ithe opportunity..to.present our.viewpcint ol
matters being considered by this Joint Cnmf;ttee. The IEEE 1s well-quali-
fied to address these issuea. This orgaanization I:as as 1ts origin the in-—
corporation in New York State in 1884 of the American Institute of
Electrical Engineers, which merged with the Imstitute of Radie Enpgineers
4in 1961 to form the Institute of .Electrical and Electronics Engineera.  The
aim of the original organization was "to advance the art and science of
Plectrical Engineering” by all appropriate acts and activities, In its 96
years of exlstence the membership haa gfown- from 46 to over 185,000, and.
its seope has continucusly expended -es a unique lesder in ite field and a
major institution in the field of englneering on both the dome;sl:ic and the

- international ecene. Itc members cover thé entire spectrum of assoclated
interests, including teaching, research, government'and industry, private
dndividusls, small business, and mammoth mul tinational enterprises. We are

.. deeply involved in the high techaology aress of electro-scilence, from air-
craft electronics through computers, lasers and microwave repeaters to
satellite communications, .

Qur role in the current lsvestigatiom is to try to polnt out the com~

.blex:.u:y. diversity and interrelationships of ghe factors. which must be
coneidered. We ca.m;ot propose 8 solution to all the related problems; we’
do bélieve .that we have 8 contribution to make In terms of clarifying the
issues, presenting the.legitimate concerns of the affected parties, and
making recommendations (in Section 10) for a phased program of investiga-

tion and supportive actions which will enhance understanding of the
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2, Background coelEn
The typical pattern of Researchiand Development in®ihé Ufited States
has changed radically since the time of the fnventor 'irorking independently

in a laboratory in his owni‘home. At the start of World Jar I, the Ahgriesn’

. Chemical ésciety,éffer'_et‘i‘ qi-‘help El-:esir]eﬁi'iztw;t}bon‘ 1n any areas of chemistry’

or chemical engineering, “to which his response was” "Thank yéu very much” for’

the offer; but we already have a Cherical engi\r}"eer working” at. E'dget.'m&:ujii

Atsenal."‘ in contrael:_,_”iré"i;mw have a formalized team structure to atealk

almost a11 aspecta of E&D :

The U. §. has not :Ln the. past aiweys been a leader in Science and
Technulngy, but rather an “em:ly edaptor” of RE&D performed typically in

Furope. We have made progress in the "four Is™: generation of break-

through ideas, and application and development phases - inventien, inmova—
tion and imitation (or diffusion) — and as reéentiy as 5 years apo it
appeared that the U. 5. had echieved and was’ 1ikely to vefain the pesition

.k
of world leader. However, we are now in the process of letting this ad-

vantage sl:l.p away.

H’.ea.sures uf :I.nternationa]. smcurl. are difficult to quant:lf.y. but we

can get a genera_:!, idea in the; realm of sedience by 1ooking at indiqatcra_‘ PR

such as th€ éifﬁenahip of Noi:-e'i{ pr:lze wirners for‘Science. Table 1 éhows- :
the impz:oveme.nl: in relative standing of the U §. aince the beginning of .
:tha century, muving up from fifth place prior to 1910 and subquuently

maintaining a significant lead over other nations, until in the most recent .

- Tait S VO
Cetren, M. J.; "Technology Transfer: Where We Stand Today"; Technolopy .
Trangfer (Eds.; Davidseon, Cetron & Goldhar}, WATO Advanced Study Institute
Science; Noardheff; (Leyden) 19743 pp. 1-28.

24-270 O - T8 - 58
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liet the U, S. has more than gil others combined. This rather sudden ac~

celeration may be sttributed in part to the substential fnflux of scientists

who were educated abroad and migrated to the U. §. because of the qolitical
or religious turmoil of the 19305. It I8 alsc a result of the great
maté#i;l regources which'are availéble in the U. 8. The scientific areas:
where we lead are those which reqﬁire expensive experimental. equipment,
which-some nations éhnnbt‘ptovider.'(chever these are not nécessarily
areas. which can be readily COmmercialized 3  Even here, hnwever, if we
examine the number of Nobel prizes ‘ss a function of population (Figure 1),
the United States -— although still a ieeder —- no longer dopinates as ig
did prior to 195C.. .
‘iﬁin the reélm of technologx the v, 8. has bheen p1e—eminent over a much:
lonééé Qériod. Two crude measuraa of comparative stending are shown in .
Table 2. COJumn A indfcates by uat101a11ty the}number of authora of mAJ;r
1nvention5 from Colonial times to the present day. uch a t&DulatiOP can

be tegarded as diatorted both by chauvinism 1u t%e selection of tesponsible

individuals. and lack of dchriminacion h1 the chuice oE inventions. The
remaining columns show the averag& patenting rate in the 19305 and in 1975,
for tha countries 1isted. Bg either griterion} thh U.“S. wag ahgad of
other nations; huwever, thia-position'of lesdership ha; been ernded over
Vthe last decade, as shown in Figure 2. 1In a recent teport,* OE(D states
that axcept for the coﬁputer, aetospa;e. and heavy aléatronics industries,

technoiogy is primarily transferred into the United States from other

[
Gape in Technology, {(Paris, France: Organization for Economic Gooperation
and Develepment, 19703,




% of majo? technological fnnovations

Figure 2
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.3, The Importance ‘of Technology

_ Both technology and technology-—based products are of majcr significance i
to the U. S in terms of intemetional trade a5 well s in generating jobs :
and products for dcnieet'ic “consumption. The éipoff’ of technblogy, as distingt
froﬁ‘rtiie"g&.eé:;t; of products ,: 'bringsi' fevenues to U. S. compsdies, ‘and thus €
the U, S.r'ecgnom'y, in the Form of ldcefise Feds snd foyaities. Ta 1977 the
 gross $rcome “Erom ‘ducH sources was $2,95 biilfon, eompared to $.'6‘6"'b11.1i'6ﬁ"'
in 1965. The 'lle_t_rinc'ome {techndlo'g); exgi‘oi:t minus technolegy “import, 'negléé‘éiﬁ'g
proddc'i:-s-'} éot 19':"‘77-;‘?&‘5 $2 67 billten, compaeable gy megnit'ude to the §3.25
b11lioa U. S. trade ﬂurples :Eor all manufactured goods.* ;
The total contribution of tecimology to our econowic welfare heowever
_cannot be 'teeesuted' sbleiy fn terms of trade balance. The trémendous ‘{ncrease
in pro&ucei\;iw of U. 8, mdustry oxje;i ‘the ‘peetf t.h:Lrty vedtd ‘can be ett;ri_
buteci primarilytcthe epplieation and. utilization of t.echncidgic'zt\1 ddvances.
Betweee ]..l9‘-47‘::'ai1d~1_§‘765:. tﬁe?a‘ee:eée"aﬁheal inEfease'in output per a'ian:in'i
private induatry raﬁéed Tiot "7227',1'.0' ‘6%, the z:-i"ear:r‘:st eﬁange being” in the
céﬁﬁﬁiééemns and eti.lity-e"ectef,** whete the growth “in real oitput redched
7.5% p.a. by 1970, Advances in pfoductivity are respensibie for & large
" part of economic Sécgrese;".{ﬂ téinia of GNP “per eapita, ‘and "these trends are
expected to continue through 1990.*** One of the most important weapons
:Ln cur arsenal against 1nf1atiun 15 such increased p\:oductivit.y. which can

be achieved r.hrough impruved technologies and innovations. .

'Laugan, Patricia, "Those Worrisome Technology Expnrts y Fortune, May 22, -
1978, ‘These'datd ave -confirmed by the-latest, figurés provided by: the ’
U. S..Departfentiof: Ccnmmerce (Privere Comnunication}, excluding the
category of managenent: and services.- ER ; .

*k
Private communication from :he Naticnal Bureau of . Econom,c Researr:h. B

'rhe Conferenteé’ Board, \"The: U, 5. Econpmy in’ 1990" fn A Look-at Business
1n.1990, White House Conference .on the Industrial 'I-Iorld Ahead.
Washington, b. C., 1972, cra .
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4, The Charactériestics of :Te'chn‘oiogx
The nost ohvioua characterist:lc of technology in general 1is that ir.
‘changes; old products and prucedures are replaced by new. This is°a E _;_“:‘,_.
continuing process, 8o that at any given time and place the technology 'being
practiced covers a Bpectrum from the old and stable to the new and rapidly
changing. The impetus towards newer technolopy is a consequence of igs :.
potential to increase the productivity of a society's stock of resauré:eé.:.
'”"Solow* es'timates that over the past century, BOX of the growth in theéu;:-s,
economy has resulted from adva.ncea in Lechnolog}'. The ‘:'re.maining %202'1@&3
" been due to increases in the amount of resources. P
y In general, the Increase in. product:(.vit'y Ag.more ::apid when ‘the...
technology is new, and 1_t thus yielda greater returns to soclety than does
a mature technoloéy. There may be argument as to the distribution of these
returns -~ the major profit almost uever accrues to the original innovator -~
but there is general agreement that all memberl of l:he saciety benefit.
The growth of a new technology fnllows the fa.miliar S-shaped curve as

- showm in Figure 3. An Inciplent pericd of rapid technological change ——

"ieading edge™ technology -- 1s followed by & period of high growth but

less cha.nge; wanifested by increésiffg standardizaticn. ) Thia _}ié huééeedjét_i_ ] o
by a "mature” period of relatively alow change and slowing growth, and

maximum return on the investment. Because of this growth pattern, the bulk

*
Solow, R., "Technical Change and the Aggregate Production Function”, in
Review of Econowice and Statistics, August 1957.

13
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of a technology being practiced is relatively mature and:approaching

*®
stebility. : If a new technology were to-disappear in its iInclplent stage-

R g8 many do —— 1t would i:ardly be noticed in;aggregate.sf.atistics.‘.", How-

ever, the industry and the mation alike suffer when this happens, since it .
is the subgequent stages which provide. substantial -economic-rewards.. .0 -
Once a technology has been firmly established, and fncorporzted in-a -

§roduct or set of produets,.the frontier - the place "where .the action is"

-~ ghifts from science and engineering to production and méarketing. Instead .
of concentrating on making a single item work, -the company.:concerned must:

learn to produce :in quantity: -to make the ‘same item every tin.:e,,and optl--
.m!.ze the work -flow. - Customers must be acquired,. and shown how. to use the
product. Service men must be trained -- much of the rapid pest-war growth. .o.-=
: of "hi-fi"™ and TV equipment sales was:-spurred:on by-:thé trainin.g' of ‘radar 3~
technicians-dn the military. Ultimately the .major.benefits of & new:technology
sccrue not to the technological inn&vator, but to those who solve.the produc=r.:
tion and mark.a!:ing problema.

o Nol: only dues the:: technology change over time, but 1t moves, and ‘cannot o
be confined. Thoge whoge command ‘of a .technology permits them to enjoy-a .o
position of monopoly have slways tried:to keep this advantage to ‘themselves. .
Such attempts have invariably failed, and afé doomed :to ;failure by the very
pature of things. The sale of sny product ambodying the technology necessarily
mteveala the most 1mportant item of ﬂnformation - that the technology is .

possible. The processes of technical marketing also provide other data, -

and the more- Aomplex-- the ptoduct, .t.he o infomation o |: be dis

(concern:l.ng applicacion and maintenanr:e)

l-lowever, 1in order to e:wure cnntinued nationsl economic heal:h 1o
‘of the profits from a mature technology must be reinvested in new and
efficient research and development; otherwlss the technolugy well will run
dry.

15
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5. Rational Technolonical Stratepy - OptionSz R

1 R A

‘There is more than one attractive etrategy ir playing thé

\technology

game" on the international scene, and by no means a11 of tbe advantages lie

with the innovative leadera Before attempting to discuss pulic' optiona

for the United States, we must consider the implications and

"follower" roles. .The diacussion wbich fc]lows 15 based upon ari excellent

i summary by Horn, of the Institut fur Weltwir:scbaft in Kiel

: Technological progress cuntinuously creates new-

! . . products, Therefore, technological léade-and-

: lags are .z 'steady source of internstional trade., = -
A country which is eble to generate a higher ™ L
rate of innovatioms than other ‘countries will
- be able -to permanently produce ‘a preater pro="
. portion of new goods. Countries which are less °'
capable of producing technological -inncvations
will have :to-specialize in. the production of
traditional gnuds.‘ ean

This leads to rhe queation of which factora
datermine Internarional di{fferences:in the Iinno-
vative activity of countriés: The answer to
_'this question is suggested by the so-ealled 47 2.7 «. 5 oa’g bel vin
product 1l4fe cycle approach to international
trade 2% Simplified, the: product life’ cycle
“hypothesis can be described as follows: Pro-
Loy zoducts and processes: of production’ ypilcaily
pass through 2 cycle which is characterized
by &n increasing degree of standardfzation @ oLt o
(maturation). The most advanced countries pos-
. gess comparative.advantages In the.production - 0. R u

*Horn, Ernst-Jurgen, "International Trade and Technological Innovation:
The German Position Vis-a-Vis Other Developed Market Economies", in
T'Két1l A, Stroetmasn (Ed.} Innovation, Economfic Change and TEChnDlDLy
Policies, Bonn, Germany, 1976.

**Vernon, R., "Internationsl Investment and International Trade in the. ... ..
Product Cycle”. 2Inty Quarterly. Journal of .Economics, Vol. 80 (19 )
and Hirsch, §., Location of Industry:and.Iniernational.Competitiv

L ness, Oxford' Clarendon Press, 1967, and Gruber, W. H., Mehta, D,

Vernon, R., "The R&D Factor in.Interaational Trade.and Intersna

Investment-of United Sta:es Industries : )

Economy, Vol. 75 (1967, and ‘Wells, L. T. Jr., "International Trade.

The Product Life Cycle Approach”. In dem (ed.), The Product Life

Cycle ‘and International Trade’, Boston? arvard University,'1972.
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This option is ﬁpen only to those nat1ons/cdrpofations“ﬁﬁbge‘fééhgdcil o
1évéI*iéﬁsim;1af‘to‘ihét of the innovator.’ The American Indian, fo¥ instance,
ccul& ‘not’ im‘ita‘éé' ‘the' fd‘e:t.t’ler.s tfirearns becatiseé he ‘Had no kﬁéwledé‘e‘ of ‘thie’
requisite k1114 dn malcing dnd -fo“mmg'-a‘:e"e‘r."fcas'fihg‘-flea&.:- ‘Producing nifre;
'_aulfgr, eté:There dre plentiful modern-instarces, also, whetrs major *o 3o,
problems have ‘arigen ‘dud ‘to difparities néfoniy in ‘s ‘specific technoTogy,

but-‘in the ﬁéééssafy'aﬁppbiﬁinglihfraétrﬁc#ﬁ;&fEﬁd'fﬁfh whole range of " -

A * g e e
ancillary technelogles. R RIS
L DI PR Tl e LML L " B
: Iy Totan ; : &
M - EE G + E
T = ; . E
: a i &
W . o . 5

*See for example

" Baraunson, Jack, Industrisl Technology Transfer by U.§. Firus to Overseas
Affildiates Under Licensing Agreements; Polieles, Practices and Conditioning
Factors {Arlington, Va.: Forecasting International, Ltd., 1375}
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innovations. Says J. Fred Bucy, President of Texaa Instrumen :H Today

our tougheat competition is coming from foreign companies whoae ability to

compete wit us rests in part on their acquisition oE U. S. Lechnology...
The time has come to stop aelling oux 1atest tecbnolcgies, which ire the .

wost valuable thinga ‘we Ve got. Porace D McDonell, an executive vicez

president of Perkin-Elmer Corporation, sums it ﬂp more piqusntly :"Wérﬁénf =

vy

7 to sell more milk and fewer Govs,

Before ve can evaluate the validity of this viewpoint e wish to

. examine ‘more closely the eituation of the United Statea in the 1ight of
the technology flow pattern we have defined, given that our perception of
ouxr national role T that of a 1aader, what are our achievements relative

to establishing._maintaining and capitalizing upon a_techpalogical lead?

*An Analyeis of Export Control 'of U. S“'Tedﬁnbldgy" A Dob PerspectiVE,V“'
Repert of ‘the Defénse Science ‘Board Task Force om Export of ‘U. S. - 57+
Technology, J. Fred Buey, Jr., Chairman (Washington, D. C.: Office of -
the Director of Defense Regearch and Engineering; February 4, .1976).

Langan, Patricla, op. cit.
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which he calls "revealed conmparative ad\}nntsge" (Rr,'h\)“r provides 1naight
into uha: :La heppening in the world arena concerning the Internstiopal
lale of high te:hnology products. . i
Figure B8 shows RCA wvalues fer the United States, Ehé ?edéfﬂl Repu}lic.
of Germany and Japan for the periods 1963 through i973 as well #8 o projec~
tien of these figures inte the future. Koté that ths\ynited States-pogi~

tion has been eroding significantly, decressing.by gbout 30 units during

the time period under exsmination; that the'Feﬁér$1 kepuﬁlic of Gerﬁaﬁy's

) poaition appears to have remained relatively conegant although weakeningh_

somewhat; end that the‘J;££nese poéitiﬁn haé imﬁré;édn.éiné bybﬁhout 30 .

‘units. {In this figure a negative value means that they started at 8 dis—

advantaga.) The cross-over between United States, and Japan.-fn .this. parti—
Cular segment of . the market wuuld oceur somewhere in the period. 1930 through_'
1985, based upon extrapolation at the current rate of change.

& similer conclusion was presented in a document issued by the
National Planning Aasociation** in which a measure was defined of tﬁe 1a;i*§
between V. 5. and Japahese technoiogy, & praphic representation of which

is shown in Figuxe 9. The relative lag impacts upon the future relative

Thia indicator measurea the extept to which forelgn trade. surpluses
(deficits) in one product’ group diverge. from the trade position of this
country in total manufactured goods.: The messire has been normed so

- that it can assume values between + 100 and -100. . High positive values
of the measure indicate a high internaticnal ‘competitiveness. For method
of caleculation the reader is referred to the article as cited. page 144
et BEG, i

New International Realities, (National Planning Assoclation, Washingron,
D. C.. 19?8). :
LT

“fhis.is, expressed 1n texmn of . the relative technnlogical change nver: :ime:
the rate of growth of cuvput holding all-inputs constant; Fox g precise:

definition of the measure, see Christensen, L. ®,, D. Cummings and

D.'W. Jurgenson, “Economic Growth, .1967-1973:  An. International Comp
son,"” In J, W, Dendrick and B, Vaccara (bds.}, Hew Develcpments in |
Productivity Measuremént, Studied in Income.and Health, Vol. 4l (New
York: Columbia University Preas), Forthcoming.

29




Pe'rcent

Twon, " inJ, WY

933

‘50

ap- P

30
20

10

0- - - - ammirean i o
1952 ‘557 L o 607 R 5571 . ?O,.‘, A73 y

.. Figure 9, The U. 8. ~ Japanese Tgchnology Lag . ...

Thia ig expressed in terms of ‘the relstive technological change over time'

the rate of growth of cutput holding .all, inputs conatant.. For.a precise..

definition of the measure, see Christensen, L. 2., D, ‘Curmings and

D, W. Jorgenson Economie’ Growth, 1947-1973:  An International.Compari=-..
drick and ‘B, Vaccera (Eds ), Néw Developments inm

Productivity Measurement, Studiecs in Income and Wealth, Vol. él (New
York‘ Columbia Univeraity Press) forthccming. ’ S
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Figure 10. R & D Expenditures as a
Percentage of National GNP

‘This includes about 50% defense-related:R&D,:most of which cannot be
adopted to commercialization.

**Ihis includes about 11% defense-related R&D.
***This includes about 2% defense-realgted R&D.
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"technical wizardry'-are expanding their share of U, §. end world markets

in those lééé.pechnoiogica;ly exciting goods which make up the bulk of

) u
vorld trade. . .. ..

The ratiopale for examining the high technology map#ﬁactq:éd_ggqﬁ?lié:
bas;d upon material previously gemérated for the U. §. Senats Cormittee on
Finance.** Data were presented which indicated that high technology
industries (that is, product industriea.whose products depend wpon the
gpplication of high technology) provided foxr the ¥. 5. a sipnificant posi-

- tive balance of trade es oppqsed to the lower technology manufactured goods
or Taw mgpg;ip}g, .Thiﬁ.ﬁfﬁ,ﬁ?%?1095%i showp Flsq in E{ggrg.lfo A reproduc-

. tion of the table f;r the perlod 1960 through 1971 1s shown:in.Table 3.
The specific industries categorized as high technology, medium technology
and low technology are listed in Table 4 for referencg:ﬁranke@flﬁ_dgp:eaging“
order of R&D investment as a percentage of shipments,(igéﬁ data)***,

To bring the problem inte focus, let us look at Bpecific examples, as
previously: in the semi-conductor industry the lead clearly hasg be;n with
the United States for many years; the development of transisters, integra;eﬁ

circuits, ete. has placed the United States in a very strong positioﬁ 1n’
this particular area. However, starting in about 1965 several developments
occﬁrted which vltimately muet have ;;rioue congequences upen the balanée of

trade for the United States in thie area,  First, these semi-conductor

*ﬁThe Science Olympice", loc.cit. -

*x
Implications of Multineelonel Firms for World Trade and Invesiment end
for U. 5. Trade and Labor (Committee on Filnance, U. S, Senate, February
1973).

e
Based on U. 5. Censua of Menufactures.
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© Bigh Technology Industries

; Bleetrical nechipery and apparatus, Incl. -

household eprliances

Leiio Prugs

A T ' Industrisl chemicals

' - Instruments ‘

Trenspertation equ1pment-—-——-—---——-—-—-—-—----—--

. Radio, T.V., electronic components——meemmnm

Farm mochinery end equipmenter—rerrrernence-
Electronic computing equipnent and S

" miscellineocus nonelectrical machinery———-

. Office machingssewm=rrros

i o ,.MTechmology Industries =

" Boaps and cosmet:.....
Rublier “products+

: o R . Industrial machinery end equipmepfr—reserwe -

Miscellaneous chémicals not included’
clsevhere

EEES T Stone; eYay), and GLeSE PrOBRELE-mmemebiiil 0 T

Primary and Tabricated e.luminun, plus .
mise. metal productsew =

“and bress)
Hitscellaneous electrical

- ‘included “elsevherie—=

Grain nilt product..,

o L s PlastieBesemss

h;!.ner}' act

7 Low Technoldpy:-Industiries = 7.

. Primary-pmetals . {exel. alumin\}m)—-————e-——-'
Paper ond allied products

Conw . Miseclleneous-manufacturing (incli ordnance;: i vl ueon

leather, and tobacco)

Miscellaneous food products (exel. graln
S Lh b D ERRE
Printing and publif‘hinﬁ
Textiles end apparel-

37
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Fabricated metals (excl. aluminmn, copper,

‘Table 4 - Composition of Industrial Ségments:

 Jamber, ‘woed ‘products, and furpiture-see-—-—.. .03
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The dmplication of the long term effecte focuses the need for our
industrial structure to maintain a technological lead in the seuiucnnductor

© area. This means that we must encuurage innovation and the application: of

leading-edge technology at em ever ;ncreasing rate,

The Institute recegnlzes the }mportance of this issue and the complé;i—
ties involved in trying to ev:luﬁfé the variety of impacts, To attack o
this problem; fhe IEEE-iéainthe procesa of convendng a study group whicﬁ
will hr}ﬁé together;industrial, governmental and academic experts who wifi{i
examiﬁé the causes, modes and consequencea of the transfgr of high tech—‘
pology from the U, S, to forelgn sites. This task force will examine, to ’
the extent pnsaible. the technical, economic and aocio-paliticsl aspects-
of these and related isaues.'” '

In the context of'thE'presént?diéédssion, let us ncw'ex;miue ~the
question of what is the relationship ‘betveen fupding of research and
development and high technology, and the product output by shan industryr
To do that we will examine the computer industry where sogg statistice are
fnvailabié; this may give us some insight into at least one:segment~of%thé .
‘total high tethnulséy area. ‘ ’ ‘

In examiging the research and development investment as a percentage
of the total revenue of five major organfzations in the computer industry,
we produced the results.shown in.Figure 14. [t_#a,intgrgg;ing tn-nofg ;héf
- the National Cash Register (NCR) Company ‘as well ds®Burroughs maintained a.
relatively stable input of research and development dollers as a percentage
of theilr revenue 6ver significant periods of time. On the other hand IBM
;ncreased itg percentage of research and development from approximately 4%

4n the late 19508 to nearly 7% in the perlod 1970 through 1974,

4l




045

The twe remalning companies examined were CDC and the Digital Equip-
meng éorporation. CDC shows a sporadic fluctuation in its rese#rch and
development investment, pgféicularly during the time period 1938 .through
1964, From that peried on ic began to decrease its research and development
iuvestment although it was not until 1967_that the percentage d%épped telow
the IBM level. o :

During the time pe::‘.'.ad 1958 through 1967 CPC was applyi:j{g high tech-
nology to its product 11ﬁé énd developing very rapid penettationiof the
mgrkat for varlous new devices andiaystema which were produééd

DEC wap utilizing approximately 16.6% of 1:5 revenues for research
and development investment An 1964 and-15; 2% 1n 1965. Thia appears to be
.decreasing aaymptotically.zﬁﬁovevéf;:éﬁfihg‘ﬁhe'iiﬁe’period when DEC was
investing significantléﬁnuﬁ;é.pf money Ia the research end development
effort it was a recognized lzader in developing mini-computers and micro-
computers for sale in the United States., This penetrationrwas successful
and it is today one of the leading organizations in that particular sub-.
srea of- computera and cumputer applications.

Figure 15 provides additional information as to the impact of research
and development upon the prowth and viability -of varlous organizations
which can be classified as high techuology, innovative and msture, In this
fipure we have presented the average anrwual growth of these three groups of
crganizations or companies. The epecific growfh rates spatned the time
frame 1969 through 1974,

| Another issue which relates to the questions posed by the Subcommittees
concerns company size. Without external support, cnly.large organizaticns

can afford the huge research investments needed to practice innovation in

43




947

spacialized high technology areas. Yet in the U, S5,, businessesn with: "
fewer than 1000 employees produce 17 times as many 'major innovations per
rasearch:;dollar,:;wﬁile;.'..‘m_sdium-raize',' companies’ appear to be about: 4 -times
as innovative’ Organizationg such ds: Bell and -IBY register s patent s -

day throughout the year, but are often either too -inflexible to exploit -

innovations, :or are inhibited from :doing so by Federal regulations.:

* ;o R :
"The Science Olympies", op.cit.
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our large high ape.ed computer system éeaign technology not just [1-] Fujitsu,

but to Japan, because of the national aolidarity nf outlook. Jopan has an

"o {ntegrated national policy desigrled l:o support its ;role as. 3 mcdern indus—

trial leader, and administered by. HITI the Min:latry of . Intern&tional Trade
and Industry. Because of. this philosophy, there is no. C1ear d*stiuction

. between one firm and "Japan Inc."

ag far a8 relations with other nations
are concemed .

T A aecond exa.mple is ‘the LITEX 1ight bu]b case where the inventor,
Don Hollister. could not find funding for his new euergy conserving 11,ght
bulb, The major u. s, manufacturere of light bulbs apparently wera not
'interest:ed in breaking down tt‘eir production lines in their piants and
starting a competitive business.’ Since venture capital was not available, |
in t‘his inatance the government: intervened. ERDA (now the Department of
Energy) agreed to undemite the research and developmem costs ($3lG DOD)

The Government owns the patent but Bolliste: has free 1iccnsing and use

l:ights provided he exercises th&m. Otherwise. the patenr lapse*a (similar

B0 provisions of the Thornton Bill ) and the patem: enters the public X
domain.'

The third example is more general. It concerns the U. S, oircraft
L o

industry and ita :'ébnﬁ:veti_tivg .‘position '.irl_.',\the world mla'g.:ke-t‘.

See e.g. Oshima, Keichi, “Technology Transfer in Japan", in Cetyon, H 3.‘
"B. F. Davideon and” J. Di “Goldhar (E 5. ) TechnologY Transfer (Leiden,
The Netherlands: Noordhoff 1974),°

HR 6249 (95th Congresa. First Seasion.,‘ 1977).

A Study of Howr Technology Transfer Affects the C____petitive Position ‘of
the United States in the World Aviatiom Market; . Forecasting Interpaticnal,
Ltd., Arlington, Va.; 19727 and A Study of the Kev Aspects of Foredgn
Civil Aviation Competition; Forecasting International, Ltd., Arlington,
Va.; 1976,
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| DC-9, Other competition in. thie category is Britain's

| Rolls-Royce which is trying to put:together an engine
consortium with French Germﬂn, Skedish Italian and
Belgian msnufacturers. . .

The penetration of the American maktet can take aeveral fnrms. NOL
only can the foreign organization sell to American firms, 1t can’ invest and

obtain access to the technology via that approach. A very idmsightful

- S T i T o - RERTRINE *
analysis of this aiea was published in 1971 by Business Internatfonmal §.A. .

; . Ih that report, the suthor examines the value to the'Eufupean ofganiéaéioﬁ:t

"

of inveating in the h.'s;

“The biggeat reaaon for the greatly expanded and’ expand-_f'
105 Buropean carporate investmant in the U, S. Yes in 7"
the attractions of the market -~ its slze, its profit-

~ ability, its research and’ development stream, its new
products and industries, its new process development
and applicationa engineering. As one. group of obgervere. -
kave put it as regards th; office equipment, electronic . .
components, and computer induatries: 'Operatimg on the T
American market 1s ne lomger the natursl consequence of
success on.other markets, but a-. precondition of succesn'
on the world market. ;

Hanufactuting win the U 5 brings far quicker and far

closer actess to.the dinmovative stimuli.of the U, 8.°-

business environment. - The U. $.-has played the ¥ole - :
" of techuologicsl and marketing -bellwether for Butope - -%w i iw i

and the world throughout the postwar era. True, the

U. 5. has no monopoly on invention or discovery of

new products: and processes. However, of 110 postwar '

first commercial introductions ('innovatfons™) quali-.

fled as "significant™ by the OECD***, 74 were first«

commercislized in the U. 5, and practica]ly all ?4

vere first marketed by . S.—owned firms ' T

Cetron, M. J. and Jameﬂ L. Duda "International Technology Transfer in
One Industry — Aircraft", in Cetron, M. J.,, H.‘F. Davidson and

J. D. Goldhar (Eds.) Technologz Transfer (Leiden, The. Netherlande:
Hoordhoff 1974).

"European Business Strategles in the United Ststee H Buﬂiness Inter— P
national S.A.. Geneva, Switzerland; 1971, T sy

Organization for Economic Coopetation and Develnpment.
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The majority of large European companies with U.E. operations
.are In relatively high-technology 1nduatries. .21 of the 49 -firms -~
examined = or nearly half - are. in.the 'secteurs de pointe™ in
which Jean Jacques . Servan—Schreiber s0. feared American demination
of European indUStry. 'I‘hese Bectors are chemicals, pharmaceuticals;
machinery, . and electrical ;machinery. . The.average percentage of. =
sales revenue _spent by the 49 firms on research and development
wag an impressive 3.7%, ,without doubt a figure far above that of-
Eurcpean .companies not-investing . in the -U.S. . Indeed, 1f one -
compares this. figure with .the -data evailable on most: intemational
U.s. corpotetiuns it 4s still high. - @ K EETE

Not ‘only do Eurcpean companies investing:lnvthe U.S. séem -
to have more. technological .competence than other. Eyrcpeari“cotipanies; *
but, within the former group, :those companies that spend Heavily -
on researchi-and devldpment’' have .done muchi'better AAn ‘terms of sales
growth in' the 1.5. than those that ‘do not. There'is d significart
correlation (. 67) between ‘the percentage of total revenue wilch
companies -in our-sample ‘spend ‘on R&D and thelr Yate of sales growth:
-in the U.S, market between 1965 and 1969. - “Almost:all the European &
‘companies in our. srudy that -spent less “than 1% of 'their total - -
group sales revenue on ‘R&D “had ‘stagnant-or -negative pgrowth rates -
"in the U.5. during:those’ five:years. 'Alsc, there ‘appearad to be
a relationship between total group revenue .spent on’-R&D: and
U.5. profit growth over the 1965-69 period "(the correlation -
coefficlent was .7 for 10 companies for which we had sufficienr_
" information).. . . . . :

The” primary reason for European’ companies preference for
wholly owned venturés in- the U.5, (and incidentally for the” high
joint--venture divorce rate) seems to be related to the nature o
- of the V.5~ market, The' desirability, perhepa the’ necesaity, for.
& European’ company to do R&D in the U.8. has ‘already been mentioned. .
Yet, insofar as "the' management of technical’ irmovation is much "
more than the maintenance of 'an R&D laboratory bit’ is ‘rather
"g corporate~wide task...too important to be 1aft to any specialized
functional. department*... the subsidiary's response to the ever-.
changing U.S." market may require a closer ¢oordination between
marketing and R&D than .is possible with 2 joint-venture relatienship, .

*Bssed of ‘23" companies’ for which data were available. Thé reader should

be werned that.this agd other correlations could be the result of other . .
factors that; for oné 'or another’ reason, could nmot be examined. They o
should be interpreted in. the cuntext of other qualital:ive. evidence .
presented.’ ;
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the advance of ‘technology by investing money primarily fn dJeint ‘EAD venturdg ==~

with industridl firms  and aldo with private investors, and-receivee & fair -

commercial return ‘on ita investment. The ‘Government gera ‘s portion of the

business @hd a percéntage of the profite, snd elsée has 'd ‘séat don the Board --

of Directors. The préfits-derived from these ventures are reinvested in-

other high risk technblogical ventires. Two of the noteworthy successful

projects were the Hovercrafl: and cephalosporins". ne of the most signifi-

can: groups of anti‘biotics discovered siace penicillin. The latter ‘wae one
. of the largest royalty: esrners: ever ‘to’ have emerged ftom academic research.

and represents an excellent example of rhe type of basic imrentinn that

WRDC was expected to handle uhen it-was eatabliahed‘ Hot only has the

Crown's initial :‘mvestment been r.epa:ld but the revolving funds have brought
about the funding of many other R&D projects in high risk '-ecimology.- These :
include major contributions to the este‘blish:nent of the eleetronic computer
industry; development of selective herbieides' development and production
of the first high speed linear motor bovertraiu and of" the first’ large
superconducting electric motor; extensive research and development of fuel
cells 1ater ‘used ‘48 the-basis for the pover plant: in the Apollo mood-
landing program;-ete., e:.-_.’-' s
Attempta jhave been made’to evaluate contributions of ‘WRDC-suppotrtéd Lo

innovations at the national le§e1 but- appropriaté techniquén of measurement -

“aré SE111 eontrovarsiali’ ‘The! Eorporation believes thét| “urilike other

— .
Evidence Offered to the Committee te Review the Functionfng of Financlal =~
Institutione. (The Wilson Committee),. {London,. England:  'NRDC, 1978). L
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sourced. of venture ‘carpit‘all,_& its success will not be fudged .golely by ...
reference to its balance sheet. It's aim is to coptinue to.create mew .
business opportuniries in the U. K. from the xesearch work. and .inventions - .. .v-
available .to it, with Ancreased employment -prospects .and foyelgn cumrency.. ...
earnings, from exports or, license incope. The total NRDC investment in both:
private and institutional support.is. not large;.the rationsle.de that:::

- The. cost. of most. of. the civil development work. in
‘this country will continue to be met out of
.dndustry's own resources. but.there may. be cagea G oL wtds
‘where individual firms are unable to undertszke,

...entirely. at. their; own expense, the development;of .o wyiuoul il
potentially valuable projects. In the export

-£leld. the .need. for the United Kingdom to develop . «: «: =ons. < it

" and market technically advanced products sgalnst
strong international competition puts a. heavy fn s s
development burden on much of the country's nanu-

.. factuting industry. In such cizgemstances there:;.. -
‘may be merit in a collaboration between imiustry
and NRDC. e Cee D SAE

_1it is a natural consequence.of -the. Corporation's -

atatutory functions that it is preparsd to undér-

take projects.where the degree of risk is. greater .. - .. St
than that which a commercial undertaking would

tegard as justified, * P :
- Having operated.at a-deficit for its first. .27 years, the Corporation.for:: ...
the first time in 1975-76 .wes able to carry.forward a net .surplus. The: . :
“total investment in external R&D support over that period (1949-76) Was -

&

48.2 million pounds:sterling (about$87.4H.at current: exchange. rates)... .

In 1977 glone it is estimated that the gross.amount of new.industrial.:i
~production which the-NRDC helped. to:generate-was:100-million-pounds...~

sterling (5181.25M), with a ten year accumulated total of 600 million

* : o x BTt P
“ational Research Development Corporation' An Introduction (NRDC, -
London. October 1970}.

27th Annual Report and Statement of Accounts 1975-76 (London, England:
NRDC, -1976).
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‘Although generalizations are petflous, ‘the: case ‘of ‘@ :ompany
that had "a ‘joint venture with its oné-time U.S." ‘importing agent during
the first few years in which it manufactired in the U.S, ‘seéms typi—'
cal, - Prior to developing 1ts ‘own marketing ‘competence ! under 1ts *
‘own ownership umbrella, thils subsidiary was effective_ly,cut ‘off
from new developments in its’marketplace and was Dot ablé 'to SR
get information ‘sbout new applications for' the particyler product *
‘1t produced. -‘After buying out its partner s sales nétwork, it -
was able to Teintegrate the marketing“and’ R&D ‘funetisns 1o the -

U.S., 'and went.from rather ‘dismdl fallure to quite considerable T
success over the subsequent five years. . )

Acquisition seems 'to provide the quickest way to learn U,.5.
technology -and marketing :skills that -ave new:to a ‘European: grnup.
This was a key. reason for Plessey's acquisition :of the U.S, "
company Alloys Unlimited, . The acquisition by: a European oil : .
company of a small U.§. ref_inery:had & similar motdvation = but this.
time for purposes of learning- marketing skills rather."than techno= .
logical skills. The European.firm's executives remarked that they
felt, in order to be.z viable worldwide petroleum company, they:
had to learn marketing in the market where .most of their major
competitors came from,. . The company did not feel -that its marketing
was strong enough to enter tke U.S5. first by setting up an expiora- -
tion company and .ther gradually working 1ts way -fnto competition i -
in refining and distribution with other U.S. petroleum companiles, .. .°.

. A pharmaceutical company, which originally entered the U.S5.-
shortly after World War II by forming its own subsidiary, noted::
thet it had recently taken over 100% of a U,§. hespital.supply St
conpany. The company indicated that as far. as. pessible it preferred
to avold acquisitions "and the digestien prnblems that acquisitiens
usually’ cause," but that in this particular case it fel: that the. -
pharmaceutical business was changing so rapidly that it ecould not
take the. time to learn medical electronics and hospit:al servicing )
without making’ suc_h‘a.n acqgis;{.tion. —_ S

One experiment designed '\':in_'ad&i"és.s thé_pro!i]_.em of E_e_éhﬁ'o_lagiééi
and insifficiency of funds 1s”the National Resaarch Development Corporation

{NRDC) in-the United Kingdom,. This 1s an independent public corporation, _

i3

-financed by government 1oans, esta‘blished in 19&8 un r the Developmen!: >

. Inventions Act whereby few high risk RED ventures cam be funded.’ The_
‘fields covered are the bicsclences, Industrial chemistry, scientific equip-
ment, wmechanical engineering, production engineering, electxical engin-

-‘eering, electronice, computers and automation. NRDC asaists the advance .
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Being inside the fast-changing and competitive B.S5, :-
market brings two advantages.  First, new developments can-be
transmitted mwore rapidly to the European parent company,. so .
that it can compete with U,S.-based and other European firms asi:i.:
new products and methods are introduced in EBurcpe. Second, a

corporate lead in high-income, labor-saving products dn .the. ~ . s an

U.S. prepares a European firmm for competitive battles in Europe,
as European markets take on "U.5." characteristics.

A good many Europesn managers admit the need to léarn-by-déing
in the U.5. in order to face what U.S.. companies (or more daring
or lucky Eurcpean competi:ors with U.5.. operations) wight émploy
on the European market 1n future. . L

Olivetti is ome company that has not hidden its deslire

to learn from U.5. marketing end technolegy. Plessey is another
Eurcpean group that has publicly stated its desire te leayn from
U.S8. practice. In its proposal to shiarzholdexs for the acquisj~
--tion of the U.S. firm Alloys Unlimited Plessey stated that the "
acquisition would allow it to "acquire immedidte]y 2 nimbet of

products and know-how which are important to our successful ‘
- development." Plessey 8 deputy chalrman notes that 4t "would ber "
uneconomic for wue or any other European manufacturer to learn
(on his own) the skilla evident in the Alloys organization. B

A similar rationale underlies part of Unilever 8 long- -
standing interest in U.S, operations. And managers of one European:
petroleum company commented that "in order to be really successful
in Europe and elsewhere, we ‘have to :compete -Inithe ‘market where .o
the greatest petroleum marketing advances are being made,:.We ... .¢
have -to compéte in the-U.5. by direct ‘Investment operations because
the quota system prevents us from . simply exgorting to the Stares "

In &all, nearly 50% of. the European company managers i
interviewed in this study emphasized the importance of being in .
the U.85, in order to:'feed back" techniunl or. marketing skillb :
to the mother company.: . P N :

In one of the most notable cases of a significant product'=-
breakthtough by a European firm in its U.8. subsidiary - Sandvik
Steel's development of ' throwaway carbide cutting edpes - perhaps

~the most significant factor was the fact that the Sandwik group's
development dirsctor at headquarters had himself worked for two
yeaxrs In the U,S5. and was receptive to new product improvemente.
He was able to convince group management of the usefulness of
_transferring this tnnovation from the U. 5. to Eurdpean opergtisng.
A development team from headquarters was gent to the VL5, to
work with the U.S, R&D group and further develop the new product,
These improvements have accounted for a preat deal of Sandvik's
impressive growch.during LhE dast decade nnd now account for nn
less than 407 of thé group's worldwide rales..
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" In ‘the past ‘(since 1925) the United Srates has conkri— .i.0
buted most of the significant technolegical advances
::iin: the' fleld. . Although 22% of the: Ideas -for ‘edvances: .:»:
originated in Europe, less than 5% were implementad by
““.Buropeah countriea first. :-Clearly,:the U. S. is very
efficient at taking a working protetype and incorpor-
by atdng it into ‘ancactual flying compenent'fox: military .
and commevcial use. It iz in making the transition
‘ from a ‘model to-a-successful dn-serviece ‘system that
the U, S is patticularly capable.

In order for a country to adapt & technology developed elsewherc, the

_process of technology transfer is oE infinite impor:anca It is a .

wcll—known fact that the acceptance. production and utilization of an ad~

vancement is often delayed for 1ong periods of time aEter the initial

BT

development of that advancement. The effects of the U S. ability rapidly

to apply theac technical advancea has contributed significantly to incteasee .

IR

in performance capability of u. S. aircraft. In the past this has resulted

in an increasingly advantageous market poaition for the United States.

The cancellations of both the SST and B—l effcrts have conrrlbutec to
&an erosiun of our previous poaition The recent salc of the Frencb A-300'
(AIRBUS) to Eastern Airlines indic&tes that the American aircraft industry
may be on thc vcrge of losing its monopoly here in the States in the mcdium .
haul aircraft area.

. U S. aerospace fixms are forming jcint ventures with
forelgn countriesy. - Boeing will 3join with Japan 'on 8 °$600 -
million venture to build a small (150-200 passenger) wide-
bodled, low-noise, short takeoff airbus for use on domestic .

. Japanega routes.: The General Electric.Co. has joined.
'forces with SNECME owned by the. French government, to.. .
produce the CFM 56 aircraft engine ‘for use in STOL aircraft.
Pratt & Whitney will jein forces with a German consortium,

MIU, and an Italian group formed' by Filat and Alfa: Romeo:to = i- 7.

produce the JTIOD, a .competitive engine, These engines. will .
f‘compete to ‘power “the ‘next generation of commergial’ alrcrafe -
' teplacing thc Boeing 727 and 737 the HcDonncll—Douglas O
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8. Problem Summary . .

Let us: examine the problem from-.a different’standpoint -- what are.
the effects of the lack of adequate funding? Several.exanples. and some::..
gquotations from competitive nations may help 'to:-place . in proper focus ~the .
more important aspects. of :the subject.

Some consequences of the lack of availabletesear’éh’ funds within the--
‘U. 8. will serve as typical case-studies. The first of these involved
Dr. Amdahl, & computer research scientist who worked for IEM, having design
reaponsibilities for IBM models 704, 70% and 7030, and who managed the
architectural planning of 1BM System 360, Amdahl left IEM in order to
‘pursue & proposed design of a future large scale system, which would have
involved a radical change from IBM's then "present generation" computers.

Since Dr. Amdahl believed he had a technolegical idea whu;se time had
come, he established his own firm in 1970 and when sufficient financing was
not available from Americam firms, or venture capital sources, he proceeded
to negotiate financing from a Japanese Company, Fujitsu, which now owms
2;83 of the stock. Some domestic support wae provided by a Chicage business
development firm, Helzer Corporation, which owns 23%. The Board of Direc-
tors contrels _82. Firat revenues were recorded in late 1975 for the
470 V¥/6 computer which competes with the larger, fagter IBM System 370's.
By 1977, Amdahl anncunced a net 1ncpme after taxes of $27 million, on &

_ turnover of _$189 million —- & better profit rate than that showm by the

*
industry as a whole., The need for foreign financing effectively transferred

“Eu:ope g Chance of ‘a Computer Revolution", Business Internationaw . The
Ecomomist, April 22, 1979, pp. 105, 106.
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companies begin to establish: overs_egs..:qpetatipns,‘.,_u;l'hia is ehown in

Figure 12 which shows the number of firms whq.-eatat_ilished ‘overseas opera-
tions. Note that this number moired" v;'ery -rapidisr‘.froui aii:proximately 15 or
20 in 1966, to al!lm(mf.mlao it.l"197;1.. Further, we' can examina ‘the actual in-

vestment in overseaa assen-bly facilicies by the samg- se.mi-conductor industzy.

In Figure 13 we see the nugl_:gr of ‘firms as'a’ p:'rcenc‘ & o_f;the total who

established overseas assembly facilitfes, Statting in ‘1963 a very rapid
development began of nev oversead assembly plants by the semi-conductor

industry, which reached a level of approximatelyﬂOZinB?Z _Thus, most

agsenbly or a significant portion nf thcassembli 6fi,:;§§i;é=6hductor products

s and, joint ventures

Several counteiﬁéiﬁﬁc‘inélédnseqhéhces of thi, ain scan be identified.

On tha positive side, t‘ne establishment of overseas production facilities
hae in several cases pteempted the eatablia}unenc of .Ia.panese semi-conductor
companies of production facilities.in .th_e_z-axea_; and has also given the U. 8.

- pend~conductor industry a2 lucal sales advantage. ‘A second positive effect

o — resulting frow: one: of the prubabla primary reagons for he overseas

movenent, the availa‘bility of & 1Brge, ﬂemi—skilled labor_ orce -~ was the
containment of total costa, resulti‘ng in ‘coneumer ‘prie 1931:: than
could be achieved with U, S. production.
On the other side of the. ledge:, we must note tha lo8s of employment
-.‘opportunities here in the U. §. (at least in the short run) and the loss of
national income {in the longer run) due to: ‘ L
a4 dive:s_iqn of :profite and tax:income, and .  .:®

b, establishnent of potential competitive capability
(through the transfer of the technology) .

e
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wContribution in-Billions of =i
Current Dollars

“agfo A96s leTe dgma

High technology mamufactured goods—————mw-— +65.6  +9.1  +9.6 +8.3
Agriculturel products— +1.0 42,1 415 31.9
Low technology menutactured BOOAS e 0,9 2.0 L 8.3
Rov moterials-—-—s———wcomam ——e= =17 ~2.B  -2.5 0 W2

Tabie 3. ° Contribution te the U.S. Balence of Payments by Industr-la]
Segments oo o oo da T ewm e togowl line ol
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trade balance. The significance of this cleoelng of the gap confirms the:;,,
data in Horn"s article, and indicates that we will shortly be facﬁd u'.jtth &
competitor who is technologically on a par with nbe"ﬂni‘ted,Sta:éQ. o

This raises the question of where are specific i, 5, industries In
relation to high technology development or th_e' generation of high technology
products? |

As previocusly noted, because__‘of the afea of dnterest of the IEEE_. wa'
are restricting our examination to three major segments of the U. S. indue- .
trial base in which we, cu;';rrently maintain a lead, These are alecttor;'ics:":
and electrical equ;mﬁnt in general, the computer field specifically,; as
‘well as the airct;ﬁft industry, _

In_.l:i‘te ~broa§est- sense we must examine the Inputs to.-the’ high-technology
segment of induéti:y._ by lookin.g..at the resenrcﬂ and developmielr;t exp;ﬁ;i?itures
a8 o percentage of the GNP (see Figure 10) as well as the number of scien-
tists and engineers emploved in the research and development areas, which
is portrayed in Figure 11. HNote that both of these Figures include the
a.ren of defense—rela:edl RED, and thie fect must be borne in mihd Ln'thetr
interpretation., Half the total government ocutlay for R&D in the U. S. is
Telated to defgnse, whereas the comparable figures for FRG and Japan are

11% and 2% respectively. The commercial emphasis in both Japan apd Gemany

1 paying off, Thesé countiies have Tad a hige incr

~ foreign” invention b’éihé-pntentéri :_L'nr“:‘hg;ﬂ'.f's., and" by .ﬁe:"h_&c‘i'ii_ibﬁ"-of

Technology Assessment and Forecast, 7th Report (Washington, D. C.:
Departuent of Commerce Patent and Trademark Office, March 1977).

U. 5.
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*Ihis indicator measurea the extent to which foreipn trade surpluses™  °°
(deficirs) .in one product group diverge from the trade positicn of thia °
country in total manufactured goods. The meassré has besn normed
that it can assume values between + 100 and -~100, High positive vslu;q
of the measure 'indicate.d:high. intcrnational qupetitiVCncBB-i For: methoé
of ¢alculacion the reader ‘ig refarred L1 oo o

Horm, Ernst-Jurgen, "Internat onal Trade znd Tech lqgical Inncvation'
The German Position i‘—a—Vis Other” Develcped Market’ FconOmies"; in
Karl A: Stroetmann (Ed:) Inndvaticn, hconomic Charige and Technclngy
Policies, Bonf, Gérmdny,

1975. page 144 BE SEq.
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Figure 7
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gpnds. we see in Figure 6 that fhe United States' position in the world
market has improved only slowly during the past five years. The pnsipion
of the Federal Republic of Germany has remained relatively atable %ov;r-: this
total period, On the other hand the Japanese have increased their portion
of this export market from 6.5% in 1960 to 157 In 1978 The steaéy
inerease in Japan's export of manufactured -products is significant and
appears to be far more important than the previc:ous penetration by .J‘apan of
the total- export murket. In particular, Japan a production of consumer.
oalectronics hes incressed by a factor of five over the past 10 years, and
62% of the 1976 ocutput. was exported ($4. 8 billion), 30% to the u. 8

Data become more diffieult to obtatn when we fccus upon high technology
and its impact upon exports Bpnd world crade.. As shown in Figura 7y thia
is the only area in which the U. S. has not only maintuined but in;reased
ite I:rade balam:e. A recéﬁt& .éﬁpaeium 6n‘ "Ixmovation, Economic Chsnge
and Technology Policies" provides scme insights in this area. This sympo-
slum, sponsored in part by the National Bureau of Standards, contains
eeversl. presentations which provide soms .insights.into :the problem.and
posgible solutions to that problem. Of.i.:;étiéliiazirnoft‘atis a paper
presented by Ernst-Jurgen Horn (pages 129-147), which was cited earlier.

Born hasvdeveloped a meagure of the significance of high technology

products upon the international competitiveness of nations., This measure,

[
“Japan's New Electronics Goodies", Business Brief, The Economist,
April 22, 1978, pp. B4, 85,

= .
Stroetmann, Karl A. (Ed.) Immovation, Economic Change and Technolugy
Policies (Bonn, Germany, 1576).
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from 3.3% GNP to 2.6%, and by 1976 wad down te 2.2%. The U, 5. figure also

includes about 502 for ‘.:gl_eféﬁée—related R&D, which haglimited "spill-over™

to the commercial séctor.

Gross "'expegd'iture on research and developwent {as a percgq_yage of GNP)

‘and grops research and development expenditure per capita also r::
highly__-‘with;felative market share for research intensive products.

we can us £

‘research and development expenditures as a rough measure

f

perfjo.rmanéfe in trade in research intemsive producta. In general, such
studies ae Horn's have shown research and development activity te b the

most mpofi':ant determinant of the structural pattern of interpational

competitiveness. The influence of the research and development va_i-.:iahle
in the U, S."agpaared to be even stronger than In the case of Ger‘:ﬁlany. with
vhich it was cdmpared.* _

At the broadl.'e.et Jevel the relative position of the US in the world
export market between 1960. and 1976 is shown in F_}guiej..s. During this
period we can see that, in round teris; the US ghare has dropped from
187 4n 1960 to 122 in 1976, %i‘hile-‘;_tha:; of ;hg"Fe&efél Republic of Germany
has moved slightly upward from 10% to 11X of the total world market., On
the other hand we find that the Japanese have dmproved thedr position from
4% of the total market im 1960 to 7.5% in 1976, approximately doubling
their total export share. .

This figure includes not only producte based upon high technology and
mature technology but alsc the exporting of raw materials, etc. It is

useful only for presenting & broad overview. Focusing upon manufactured

%
U. 8. Tariff Commission figures, and. Horn; Ermst-Jurgen, op. eit. .
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7. The Cu CurrentU S Stazus

There :I.s no etandsrd equa:ion mor set of tablee that can be employed

to detemine our current achievements in the epplicnticn of technology to

improving either the national well—being er the !J. S position in r.he e*cport )

tz:ade arena, Further, and probably of even greater importance, statistics
ATt o T tohen e R S S Tt

that could be applied to examine this question axe seattered spd in some

cases lmperfect. However, we can begin to J.develap a feeling aad in aome
cages gain both insights end indications by examining the information and

data that are available. According to t:he product cycle hypotheaie dis--

cuseed in Section EN innmrative activitz.ea of countries depend om per capite L

:I.ncome as & meaaure of the stage of che country :Ln. the developmen: procese.

A study of 19 OECD member countries ahowed 8 significant cnrrelatiou .

between expenditure on résearch and development e & percentage uf GNP and
per capita income. (At the level of the covrporatien, ‘Hanefield has
demonstrated that a high level of research and development expenditure
leads to increased productivity, and thence to improved gross profits,
which permits and again tends to increage research and development funds.
This relaticuehip is deplcted in Figure 4,) In response to this percelved
reletionship, both the U. 5. and U. K, since 1945 have consistently spent
over 2% of GNP on R&D.*** However, German eicpendituree increaped from

1.4% of GNP in 1963 to 2.1% 4in 1971, whereas U. S, expenditure dropped

*
Horn, Ernst—~Jurgen, op.cit,

H.anaf:l.eld ‘E., "Regearch. and .Development and Economic Growthfl’roducl:i o
vity", Neticmal Science Foundation Colloquium (Washington, D..
1971) o

"The Science Olympice . 1oc. 'cit:.

ok

22
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6. ;The.l!r:ited States Posture. .. .- com a i T
. - Whetever the relative economic advantagea and dissdvantages, it ~ﬂl?;_;.:_gy_-gl_: B
to be the consensus of both' gevernment and  industry opinilon ‘thqt:.t;‘,}g_g 0. 8.0 .
should strive to -xetain :technological leadership; and. both interests are
concerned that the U. S. 18 unduly .eroding ite position by exporting.
technology without -adequate safeguards/recompense.. .The concern. of govern- ...
mental policy-makers is manifested by such meetings. as. this present hearing,. -
_Iul;xder the joint auspices of t;.he Senate Science, _“'rec:hnnlo.gy and Space Sub-.-
.comittee and the International Fimance Subcommittee, Other aspects of .-
the problém are being .exained by ﬁ House Subca.:itl:ee, the 'Congressional
Office of Taéhnclogy Assessment, l:.he National Security Council, the Office
‘of Sclence and Technoleogy Policy, the International Trade Commission, the
National Seience Foundation, and the departments of State, Defense 'I‘reasury,
Commerce and Labor. In view of the widespread interest, we are hopeful
that the outcome will be a systematic program designed to establish U. 8.
priorities and to define a resgonsive approach for achieving identified
" pbjectives.
Industrial representatives are aleo very much aware that a review of
our policies and practices regarding the creation and transfer of high
technology 1s an urgent requirement. Forelgn products ineerporating tech-

ﬁology acquired .from the U. 5. are beating out American productions im -

" markets sround the world — ineluding the U, §, {tself, Because of thise,

" U. §. manufacturers are harveating too little of the return from their own
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of new technologies, e.g. in R&D; end dm the produc—
tion of goods during the early phases of the cycle.

-./0n the.one hand, these.countrles mre relatively)”
ebundantly endowed with skilled manpower which is
_intensively used in the above menticned-activities
and whose avallability determines whether these
activities can or camnot 'teke place. -Furthermore, -
rigk capital to finance R&D activities 1s rela-
tively abundant. On the other hand, a high per
capita income provides domestic markets capable
of absorbing new products, e.g, new.consumer :goods,
labour-saving household devices and nmew labour-
saving investment goods. When products become
‘more mature, highly qualified manpower becomes leas
critical and the other factors of production galn
influence in determining comparative advantage.
In the course of increasing maturation of products .. :
or processes of production the comparative advan--
tage shifte to less-advanced industrial countries. - -
which car already handle the technolegy -in question .-
and are able to compete -successfully with .the-: I
- innovating country because they enloy the advantage -
of lower wages.,-’f In the--late .phases of. the eyele - -
when products are mature and standardized, compara- -~ ...
tive advantage shifts tc the developir's' cuunt.ries

Even in the high technology phaae, there are arlvantagna in occupying

second place, in that the h:lsh risk.s and inevitable. "false. stepsl will he
taken by the leader. A nation wh:l.ch can. maintain a min:(mal gap ‘can then

" be prepared to buy the producr:s of 1ead1ng edge tec]mology, but produce and
sall slightly less advaneed products where the margins Bre 1355. but the

voleme is much pgreater. - For example, Japan buys avionics and selle color

] téleyisi_on .

*}laitaﬁi;'ix.,' 'Low Wages, Productive Efficiency, and Comparati\re :
aghdvantage”. - In szlos, Vol. 24 (19?1).‘.‘.
See for- emple ‘ N : S
Bufbauer, G.C., Syithetic Materlals and the Thedry of Internal:ional,
Trade (Cambtidse, Mass.. }iarv&rd University Presa, 1966) o
and : :

Vernen; Raymond {gd.); Big Business and the state (Cambridge,
Harvard University Press, 1974} T

18
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The need to provide:acceptable techunical service reguires that 'the: -
local warket supplier must understand the. operstion ‘of the product; its
virtues -and limitations, and extends beydmf this -to require knowledge of .
.l:ha design and fabrication of the product.as well .as its wode of functioning -. -

" puch that one is able to diagnosé field difficulties -and make:the.requisite
repairs:or médifica:ions.* R S R R .

The transf;:r.- of technology and of intellzctual .property-is perhaps
accomplisl.med most readily-through the mobility:of:‘people: This pz:oc.es's P
occurs not only through:hiring '.pract_ices::deliber‘ately. designed: to .gcquire ;.

- #dvauce.:technological information,.but' through- th‘é routine day=~to=day :
.mcbility.o_f the work-force wlthin and betwsen companies, industries and:

‘nationg, -

It-is of .course umdenlable’ that-technology transfer is feciliteted by -7 o

forelgn-assembly,. foralgn manufacture of cowmponents, .and complete foreign::

menufacture... Butlt is essential to.understand 'that ‘the sbsence of these

nay have other negative effecta for the industyy invelved, dncluding beth - v'.
the loss of ‘foreign:markets-and.the :creation: of .pevrsources of :foreign.
competition, "and ‘even.sc will not result in protection oficthe tasic

technology . The-disgseninaticn. of technology cannot.be stopped: - 1t caw :

' *k L
only be controlled and :slowed down. " B e ST omd Lt e e e

Karl A, Stroetmann (Ed ) Irmovation, Economic Change “and Technology
Policies. Bonn, Germany, 1976, i o .

How Techinoloay Transfer Affects the Competitivc. “o&.{tion of the U S in
the Wordd Aviation Market ' (Arlingmn, Vag: Foreca ting Internar'ion
March 3. 1972).. e -

ié
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However, the direct economic gains on the :l.ntematior-al acene re-ulting
from the sale of technology-baaed products have been declining rapidly. In
the area of semi~conductor electronics, w'lf_e_re U. 8. _cprpot_'a‘:ji_pns have made
nea;ly every ;ecb;{plqgical _bgeakt;hrqug'n, the U. ._S. trade ‘_b‘qlance ha_s bga:}_ _
negative aince 1968, and now gtands at m_i._n_us .$'2 biilion, excluding only ome -
category =~ that of computers == in which the U. S, retains & fdvorable
_balance.l.* Further copment_s'_rconggming thiﬂ p_a_rticula.r‘;lsitug:t:ian will __l?_e
mde _be_]_.qw, in.s_e.ction §. B An OECI_)_ repog_r._*f cites the c_:oﬁlpujtgr indlus_tr:,t as
one of only three aress in which the U. 8. retains its teghnq;qéicql ]:.gal_d“,__' )
.m terma éf net export o_f the technology ‘Pase. _(‘Theﬂ?the‘r two are aerospace
and- heavy electronics.) . _ - _ Ci -

. .Other studies have confimed thst the compet_{ti.ve strengt:h of l.T. S

mnufacturing 1ndustries in world markaf.s is closely corrala:ed with the

P
perfomance in technological 1nnovation.# . H ever, with regard to pa-rti—

cular products, technological leads only tempcrarily pruvide comparative )

Wik
advantages, for the durat:{.on of the so-called imital:iou lag.

In the following section, therefore. we wi’l examine the c‘haracteriat:lcs
of technology and ite evolution, to assist in determining an optimum policy .

in q_ontrolgltix_}g ggdlo;_capita;ézing upon ite development, application and

disseminatrion.

Betetsky, Michael U. s Department of Commerce, as quo:ed in 'E'n"t:\me,' h
'May 22, 1978, p. 108 : s, o i

Gapa in Technology, Organizetion for Economie - Coopetation and Develop-
ment, 19?0-, i

Se.e fot exavple: .«Vemon,..R. Intemat:_lonal_‘ Investmerj; and—Intemal;i_qnal
Trade-in the Product Cycle",..: ;. Quarterly Journal of Economies,.
Vol. BO (1966); Keesing, D. E., 'The Impact of Research.and Development
on United States Trade”, In: Journal of Political Ecomemy, Vol. 75

- (1967): Baidwuin; R."E., "Determinante of the Commodity Struetire of

UL '8y Trade". In: American -Economic Review, Vol. .61 .(21971)..-.

Posner, H. V-. International ‘Tradé and” Teclmical Change'
Economic Pagers. Vel. 13 (1961).

.

**
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countrias. In the four high technology industries, aerospace, heavy elee-

tronics (1nc1uding computers), chemicals and pharmaceuticals. the two

areas: where we lead sre aerospace and”‘lectronics, where significant
amounts of~monies are funneled threugh government agencies by the Depart-

ment éf Defense, NASA, HEW, Department of Energy, etc. Ia the other two .

industries, chemistry and pharmaceutica]s. siuce they are mature cechno—

logical 1ndus:ries the bulk of their money comes from interna _corporate
funds or the stock market._ Thlﬁ provides some indication thac when the

government funnels R&D money to private firms (as in elecrro ics and aero-

apace), the industry proapers. and we have a technological lead. .

10
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- Bode, H., Baslc Research and National Goszls, (Washington, D, C.: National

. Nobel:Prize.Awaxds, by Country, 190153977 .. ... ... ... .z

1901-1930 ..

Germany,, .
‘Bngland

France , . ...,

Sweden

United. Statee

-Holland
Denmark -
Austria
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Table 1

- :“19.31;196_0:; Loarhe

.27 ... United States. . 33

15" 7 Emgland 18 7
AL o o Germany . . 14

‘Switzerlard 5

6 hustrda .. . . & Sweden.. . .
A Svedan LFE TRty b et s

= & :vItaly‘ BT T 2. dustrla oo -
3 USSR - 2 “Belglum R

i

i

. -Table 2 ..

o Bermany. ... -

‘Denmerk, .
_Bustrelia .. .

s Italy
Korway

1 296121977

;Onited States . 53

England 2o

France

Avgentina

Canada

TR N N W N

3
Selected Invention. and: Patent. Rates,.by. Country

Unired States
Great Britain:- -

Germany
France’
. Ltaly

Switzerland .
Sweden . ..

s ASomr arinon] e n O gEy Lt o
Total Inventions Average Annual Annual

5 fk,
C Tenik

on Selected List Patenting Rate - Patenting”

1600-Present. 1930-1938 Rate ~ 1975

203 . 38,300 56,509

- S8 G E - U9,050¢ 12,322
32 14,600 37,733f
-3 B SRR I -1 .:-,1,3 386"
14 . 3,900 —_—
T I R 1T 51 * 43697
& 1,630 9 100##

Made.my of Sclences, March 1965},

Private Communicatiou. U. 8, Department of Comerce, Patem: nnd Ttadema e o

Office, May 1978.

#West Gemany only (FRG).
This is made up of 7,233 forelgn filings, and only 136? by Swedish

#

nationals,
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ralarionships. between résearch,: technolopy, &nd economic:growth, and.assist
in the definition of ‘the appropriate role'of Government:in Improving the

internationdl -technological and economic standing of the:lnited States. -
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R&D investments can be increasad by direct govern— -7~
ment funding of long—rsnga nission-oriented .
Yesearch, and by tax policfes directed toward the
encouragement of private-sector support. The many .
other obsticles to the maittenance of U. 5. léader—

_.ship are addressed at 1ength in the hody of this
‘document

" Foreigh invéstment in U. 5. f£idms} while fricreasing
. rapidliy, 1s at present only a minor factor in the
" efopion of our technological’lead.” The resulting

transfer of technolegy need not be harmful if we,
ourselvea act promptly and” pnsitively to capture

“and protect potential markets. However the ektent .

of such investment needs to- be munitored and if
necessary, controlled by 8 central authority. ’

“Again) U. 5. exports of technology and high’ technology

producta are not necessarily detrimental to'our Inter-
national stature. A twosway flow, amd a coherent
nationel policy, are essentizl To our well-being.

On the ‘other hand, it sheuld be noted that our society
is Yecoming service/information oriented The sale
of kpowledee must be placed on, a’ business T
basis.. L

Liceneiag and joink ventures abroad can be beneficial
to the V. 8. 1f we can maintain the two—way flow of

L:technological innovation. Potential exporte are being
leat due. to’ the export. of technology, but this need

not be the case wdth careful, planning at the,national

. Dur recommendations for improving export perfotmeuce
“in high, technology goods and services are glven at the

end. of this document, "It is our contention that this

needs. to be considered 48 en intrinsic’ component of a
total technology pulicy which recognizcs the nead for

.balance and’ negotiation at an internationel 1eve1
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The GAO effort to mtroduce an’ 1mpr0ved classlﬁcatmn structure for ‘the: Fed
eral R&D budget )
“Ag partiof a pIanned GAO study on the 1mpact of vanous Federal polmles on”
industrial’ ‘eapital Tormation,’ we Wlll réview thé' interrelations aniong ‘Federal
R&D ‘activity, private R&D activity; and industrial capltal formation. This studsy:
will consider the direct impaect of Pederal tax, patent; and regulatory pohmes
on " private R&D expenmtures In addltmn the impact ‘of varions Federal poli-
ci€s on the business enwronment and the eﬁect of this enwronment on industrial
R&D expenditires 'will"bé mvestlgated ‘More speeiﬁcally, we will* analyze the:
effects of Federal regulatory and économic stabilization’ polimes ‘on’ how busmess—
ménperéeive the riskiness of theéir envu-onment -aml How changes 1 {
ceptions ‘affect the level dnd allocatlon of [their R&D ‘expenditures; ™ - i
We also plan™ analyze the’ 1mpact ‘of the Jevel -and composition of Federal
) R&D expenidituret on’industrial R&D ‘expenditures’ and Industriil capital forma-
tion.” In this effort, we will attempt to develop more eﬂ:‘ectwe methods for ailo-'
catmg Federal R&D xpendltures ) .
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States, our principal foreign competitors have well-developed government-directed
programs and special institutional structures for overcoming barriers to diffusion
of existing manufacturing techmology and for advancing the state-of- the-art
through coordinated research and developmerit programs.

Tn additioh to improving traditional manufacturing methods, computers and

numerically ' controtled machines are changing both the management and the
 engineering technology of manufacturing. There are indications that manufactur-

ing methods are about to change—not inerementally but radically. The changes
are already taking place in other countries where the productivity-improving in--
stitutions and mechanisms were created to recover from the adverse eft‘ects of
War. ‘

‘Such institutions exploit, develop, and diffuse the new: ‘eomputer-integrated

manufaeturmg systems and are well-designed to continue development of their

nations’ manufacturing productive capabmtles faster than that of the ‘United
_States. Their success 18 evidenced by their inéteasing share of tie mternatlonal.

‘markets—in some cases at the' expenge of our own manufacturers. .

But our principal concern is for the future. Short-term henefits are possible
“through improved diffusion of the avaﬂable technology. For long-term sustained:
produectivity increases, R&D is necessary to find new methods and to refine exist-
ing technology :so that it can be economically used outside the few 111gh1y capi-.
talized, high- technology firms. ’

In the most successful foreign couutrles, Both programs .and mstltutmnal
models have involved joint public and private efforts. The United States has no
- comparable national program, although several Federal ageneies are interested
in this subject. A new organization has been created which could provide the
central focus and leadership. This agency is the National Center for Produchwtm
and Quality of Working Life, established by the Congress in November 1975,

‘We have recommended’ that the Center take. the lead in developing a natmnal
pohcv and appropriate means for achieving balanced productivity growth in the
industrial manufacturing base. Further, we. propose that the Center, in carrying
out this recommendation, seek the cooperation and assistance of the Department
of Commerce and other agencies. The expertise within the Department of Com-
merce, - particularly. in the National Bureau of Standards and the National
Teehmcal Information Service, would allow that Department to. play a major
role in prov1dmg technological leadership and support.

- The combination of expertise of the Center and of the Department of Commerce
and their close coordination with other public and private organizations can
prowde the much-needed focal peint to coordinate all the disparate Government
- and :private work in developing, standardizing, and diffusing manufactumng
- techitology, and assist the emerging State and regional productivity organiza-

tions to advance manufacturing technology.
- A number of specific functions should be embraced by this central focus and
~Jeaderghip: Three of the major ones are:

Collect and evaluate manufacturing technology information from all available

" sources and establish means for dlssemmatmg state of: the art knowledge to

pofential users. '
Foster thedevelopment and acqu1s1t10n of new technology in various ways.
-“Analyze public policy options and- formulate -recommendations that will im-

prove Government-industry cooperation in stimulating productivity improvement,

WHAT CAN WE DO?

" What ean we do to improve the climate for Government-industry ¢oopetration?
I have no panacea to alleviate the attifudinal constraints that continue to retard
the development of a more constructive partuership between Government and
industry, It behooves all of us—individually and collectlvely—to ‘make ex-
traordinary efforts to achieve better communication and mytual uuderstandmg of
our respective. needs and interrelated goals.in the context of .our total respon-
ibilities and obligations.

‘Continued studies and pubhcatmn ‘of” resultmg reports ‘dlarifying ‘the [isyues=

““and alternatives should help improve understanding, An. excellent example fglal il

the July 9. 1975, report by. Roberi Gilpin, “Technolngy Heonomic Growth, and
International. Gompetltlveness " report prepared for use by the Subcommlttee on
.Eeonomic Growth of the Yoint Economic Committee. Another good exampleis the
1973 report, “Barriers to Tnnovation in Industry : Opportumt:es for Public Polley
Changes,” hased on stidy sponsored by the National Séience Foindation and
performed as a joint effort by Indnsirial Research Institute and Arthur D. Little,
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be served when private mdustmal contractors, w1t11 a few prowsos are granted
" exclusive licenses for commercial development.
) When developmg and marketing commercial products, industry naturally pre—
- fers to exercise its own discretion 1ndependent of any Government assistance or
influence unless it needs help to deal with serious threats from ‘foreigh competi-
tion or another domestic enterprise which it believes is exerciging unfair compe-
tition. Indusiry-is particularly concerned about the constraints of Government
regulations which tend to divert capital from.innovative R&D to R&D and
other investments necessary to comply with regulatory requirements. Further-
more, some multi-naticnal corporations may not-be inclined to share strategic
1nformat10n with the Government.and to plan and conduct their business in such
4 manner as fo assure harmony with the’ mternattonal objectives of the United
States
-Asa final attltudlnal concern, there are many in both Government and industry
i who are unwilling. to assume responsibility for what others would judge to be
reasonable and necessary risks for mvestment in exploratory, reséarch and devel-
opment when the payoff is uncertain in terms.of time or economie return.

Many factors have been idéntified as real or tangible éonstraints that tend to
cause a decline in technology innovation, Among thege are the uncertainty of the -
economy, the high cost of capital, and the slowdown during the last few years in
Trederal spending for research and development.

The myriad of regulations established by both Federal and State governments
affect the cost of doing business and may involve conﬂmtmg requirements im-
posed by different agencies. For example, in Federal proeurement of conventional
commermal products the pubhc would be served better in many ¢ases by ‘best:
buy competition based on superior or innovative perforinance and life-cytle costs,
rather than by the prevalent procurement practice which tends to favor thelow-
est bidder who offers products meeting acceptable quahty or mlnlmal specifica-
tlons

In the larger sense, criticism is levied that the Government has not established
-4 .consistent natlonal policy and strategy for Government-industry relations to
balance incentives and constraints and assure s favorable climate for technoldgy
innovation by private enterprise. This contrasts sharply ‘with other nations,
notably Japan and West Germany, that have policies and spec1a1 institutiohal
arrangermients to foster ifidustrial technology- mnovatlon and 1mpr0ved manu—
facturing produeti\nty

Part of this issue is the question of whether our antitrust laws, estabhshed
pnmarﬂy on 2 domestic basis, need to bereexamined in an economy which is be-
coming -increasingly world. interdependent in. market retationships and .compe-
tition, This. question ig highlighted by the inereasing number and size. ‘of mpiti-

.national corporations and the fact that foreign- corporations are growing faster
. than T.8. corporations.

Most of the:other. mdustnahzed natmns have developed closer. relatlonslups
" between goverament and. the private sector on capital formation andR&D dlrected
to the private economy. This:is-an area in which we perhaps should explore new

" perspectives for Government- private sector mteraetmn within the framework of
‘ American institntions, -

- Improved productwlty and advances in science and technology eannot take
place separately from other aspects of national poliey: advances made in the
laboratory and on.the testing grounds. require adequate financial support ob-
viously. However, these advances can be similarly flawed if such support does
not go hand-in-hand with policies developed which will make it possible to use
and develop these innovations. The Internal Revenue Service, Securities ahd Bx-
_change Commission, Justice Department, and Department of Commerce all must

| play a part. Too frequently, these organizations go their individual ways for
! their own reasons and possibly for even socially desirable purposes. This does
| not mean, however, that their actions will eoincide with adequate aoconntmg
. as to their impaect and consequences for nsk taking and technological Snnovation.

“ There ig currently no procedure for f@éasuring the effect of these Government
decigions on sclence and technology. Thus, industrial risk-takers lean toward ...
hedging and zero-risk decigions. Innovation under these conditions can be, at
‘best, incremental. Hopefully, the new Office of Science and Technology Policy
will recognize that innovation must come as the result of total Government
policy—not the more freguently narrowly construed cotcept of science and
technology. .
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expected value of 3 patent.would be greater,; reflecting greater fmmunity -
from legal attack and from "pdtenting around." -The courts-should not pe. =
called upon to so often make the:distinction between weak and -strong
patents and between viable and nonrviable patents.: This:would ‘require.a
more caré%ul.cumparisun of -pending .patent applications with existing»-
patents and, perhaps, a separation-of-inventions into categuries for-sep-
arate treatment on the basis.of their importance as. in Germany:8%% “These -
changes would- require -a-greater Patent Office budget as-well-zs more ex- .-

perienced personnel. -

Ancther approach might be to-aliow suit for treble.damages;-in.patent in-

. fringement cases.. This:clearly would increase the bargaining power-of
patent holders.andyin so far as smaller.firms have a-comparative advan- . ...
tage in patenting,-weuld: increase their bargaining positiom. . -

]

A final proposal for_patent reform is considerably more radical. - This: ..
is that the patent system,.and/or: the proposed direct award system, disiii

criminate between: firms on' the. basis:on size..: The. pateny rights of * »
smalter’ firms. could be defined.more broadly andthe 7ife of its-patents’ -
could be greater.. - . i

an -
P i

Larger firms-undoubtedly will react with indignation to proposals.alongs. ="
such lines: s¥et they; have a copsiderable:appeal: even on the basis of -
equity. Most:-governmental regulations—are disproportionately-expensive ..
for swmaller firms... Except.for:possibilitiesiof -not-getting cavght, there.:
are clear economies of-scale inidealing with:govermment regulations and; .
bureaucracy. The. type of_éhange proposed wob]d_he]p.ba}ance:the effect . ;
of other regu?ations - Moreover; this-country. has‘alxmys out g premium on.... .

- smallness. Large concentration of- power in any. areas‘are quute r1ght|v
m:strusted Policies calculated to aecogn1ze this set of values command,
a certain force of their gwn.

,F1rms on the1r own can effect reform . 1rm5 themselves can. and dn,'

~make pure1y 1nternal arrangements that promote an eff1c1ert aT1ccat1on cf ‘

R.and D by size. Re;earch un1ts can attempt to dup11cate these Cundl— A

tions associated w1th the smai]er f1rm that are mpst productlée ' in fact

larger firms somet:mes fund research efforts und have 2 mluor'ky stnck—

holder pos1+1on in re!at1ve1y sma}1 ftrms headed by a thh]y cteat1ve 1n- :”“ o

‘ventor. Such an arrangeﬂent may create 2 b_‘_er work atmosph91e, b+ .
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'presumab%y.,pqrrigpshﬁhnuﬂd be Tow-encugh- to present. threat of competi-
tion, but high enough so.that immediate entry.would not eliminate. the
rewards of invention too :quickly. .-Such monopoly.power. would presumably
deteriora;géoyer:tjme.in.gqcopd with Schumpeter!s notion.of creative de-

.structipn. A el '

Schumpeter's. thesis yegarding fim size (as.distinguished from monopoly)

was taken up bxhﬁalbrgjth:ii o e o ;‘ e ;
“There s no more pleasant ficticn~than tha%ftgchnicalithange is the. o
product of the matchless ingenuity of a small man forced by competition

. to employ his wits fo-better hig neighbor:: Unhappily, it -is-a fictions. o -

" Technical davelopment has 16ng since beécome the preserve of sthe scienss -
‘tist and engineer: Mast of the cheap and stmp]e have, te put Pt biuntly. o
and unpersuaswve1y, been made-—n.:

Galbraith's <$tatement about the demisa of theaprdnd &imple’ inventions 7w &%
reminiscent’of*the late nineteenth’ century patent comiséioner whg're-= |
signed on the groimds that 211 the important i%ventiohsﬁbad?baen padels o
Every yearithousands'of simpie‘and important inventions are madesby small
firms or by irdividuals:: Pemicillin, théfPoﬂhruid camera and electro- °

static duplicating were .perhaps not*simpie inventions, or distoveries,-

but even these were the product of the single inhventor orismal} firm.
What Galbraith.is doing is confusing the inventive: function with the
.development. function. - Galbraith!s confusion would result in a failure to

seek means. Lo combine more effectively the inveniiye efficiepcy.af the
e oo ol -
smaller firms with the develepment. efficiency of the larger-firms, To ..

S

this subj?gt.we now. turn.. ..

- The direction in which solutions ]ie.can be seen by con#fdefing a”ger-
fectly efficient patent system, the absence cof untertaintx,'a perfect
capital market and sufficigntly low transactiops costs. 1In.this situa-
tion, one wqﬁ]d find an optimal allocation of R and D tasks amang firss.
Activities Tpading,tozofiginal inyention would tend to be concentrated
in smaller firms, and.developmental activities would be concentrated a- .
mong medium- s1ze or larger firms.. Smaller firms could sell.or contract
origingl 1“Vent10n> to larger figms in.an, eff1c|ent market SPit1nJ ana,
the aliocation of resources dévoted to the yarious. aspects qf-R,aqdﬂD\
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small firms, which is also a view held by Pavitt and Wald.. In an exam-
ination of empirical evidence. from the:196Q's, they concluded. that
mm

:1arger and smaller f1rm° play comp1ementa:y ro1es in jnnoy; nfl Smaller

'f1rms cencentraued on sma]ler sca]e, Spec1allzed and soph1st1cated equip-- :

ment and made major innhovations after larger firms had let. the oppor'tuni- Con
ty slip away.5! Pavitt and Mald.also found that “opportunities: for. . :
“small firms tend to be greatest in the.earliest stages of the: product

cycle, when economies of scale are relatively unimportapt, market shares-:
volatite, and rates:of entry and failure high."52 R I

. This view of the compiementary.tasks. of the: Jarge.and. small: firm. is.also

suggested by the detailed examination of the develcpment-of important ...

inventions by.Jewkes,. Sawyers, Stitlerman, and by the 1nvest1gat10n of--

Muelier and by dther studies.. These investigations show (1mp11c1tlj, agor s
the point is sometimes overlogked by the authors). that the initial pat-
entable idea, which is of course an essential. step,. is one much less ex~.:

pensive than. the steps transforming the prﬁgina] idea into;a’fcrm that

is commercially;useful, and marketablei: The expenses inVUJ&Ed’iﬁuth&m
stages of development after the.originai invention are, more. often than
not, prohibitive for the smaller Tirm.33 - . . - s

‘The patentable concept of electrostatic machine copying was developed
by. one man, Carlson.. Since this was a new process;substentially.differ--

ent from existing processes, a relatively.small company.(HEEOJd)-caqu
" develop the process successfully and become: the Apading producer {Xerox) i
in the new field.?%  This-is .to be:.contrasted with, say, an-innovatiom:
that improves the performance of.existing copiers. . Discovery of such:ianm. ..° 2.
1mpr0vement by a laboratory becomes somewhat more probab}ﬂ but 1t s
much more 1ikely that the.develcpment: of viork. necessary- to convert ine
- invention into. a useful, f1nal product will be performed by a. iarger firm,

“Even the expense of: certa]n types of initial 1nvent1ons are bevond the‘.
means of smaller.firms. Uhat is.uncertain. -is. the ex»ent o uh1ch £a 1ta1

atinm.

of'dﬂve1-

constralnts, Tnherent rts i

zge. 1nvent1venes
derahle magn1tu e

e e et e s

of 1nVEFt10n and the 1arge

Just repognizihg the. problem- is: an. important step since current mythology: .
obseures it. . The propesition. that, smaller firms have a comparative:ad—... "
vahtage in ipvention, whilg,me@jumréizejfirms are usually sufficientiy _zioovmenl
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This general pattern is.borne out by the questionnaire survey of Cooper™7? . ..
who intef#iewpd‘twéhty five pecple with experience ir research and devel- . .

opment prlmarlly 1n chemlca1s and electronics, most of whom had managed

deveiopment in both Iarge and small companies. The estimates. derlved

from these 1nterv1ews indicated that large companies must spend from.
“ihree to ten Limes as much as smalT oné;wto deveiop a part1cular product

S

The reasons for th1s are presented bETGd “‘””““““””*f "
L AN e :

IR b W L

First, the average cnmpetence of terhnlcal peop]e in smal]er flrms 15

ently is attractlve,‘fesearch personne] .may own signiticant amounts of,
the stock of small companles s0 that the, xncentrves for successful inﬁen—:
tion or 1nn0vat10n may be s1gn1f1cant1y greater,_and small companies are
less Vikely Both to ta]erate unproduct1vn personne] and to'hire. unseason-
ed pepple. Althouqh Cunner does not comment on this,. appatently greater.

p*oduct1v1ty of R and B personne1 “in sna]ier plants derives; 1n part from .0

the1r higher salar1es-—e1ther hecause they are fiore, experlenced or -more .
competent, or because of the1r d]TECt oanership wh1ch acts as.an incen-
tive to produce Nevertheless, if Cnnnor estimates are. correct, it would
seem that the add1t1onaT expensés are nore than offset by. the JAncreased..
product1v1ty. “n so far as_the. 1ncreased f1nanc1a] 1ncent1ve increases
productivity, one may i nnder why ]arge compan.es do not adopt sgme .in- -

centive system. An exper}&nced patent agent w1th a targe chemicalccmpany .

suggests that this is true because in a.large R and D organization such
a system would restrtct information flow w1th1n the\companv and create
difficult r1va1r1es “and Jealou51es 43

muych more ¢pst con

. ious. Somehaw the small

firm is better ab1e to
are Yeft alone ta pursue uork and, bﬂcause OF the closer identification.

of the personne] w1th the company, the personnel place.a high priority en ...

the way their Efforts cuntn1butg tp‘the company 3 su;cess.

" Third, in the 5ma11 Lompany there is greatev gase of comnun1cat1@n and
W - P ) —

B P A S T

reﬂuced prub]ans of coord1nat10n In smal]er compan'

es, techn1ca- pers.
sonnet are more 11kp1y to be srnsitlve to the needs of the market because
of closer cuntaLt w1th pnop]e concerned with thts area. -To be sure,...
‘these various advantages-must ba weighted- against dtsadvantages of breauth
‘of experience and specialization, but Connor's-study indicatés that the

advantage lies with small companies,

QI AT

ns. Greater réedom of 2’ sma]]er company appar—.

jeve an atmosphere In which technical | parsonnel. o
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Support for tﬁe.ghggi;_fhat large firms. in concentrated industries show-

_ greater evidence of technica}tchadge is furnished by A, Phitlips.3"%. In
general, Phillips found that those industries. which had:iarge-scale
producing uniﬁs in 1904 .had significantly arester rates of decrease.in.
the number of wage earnars per.unit of gytput betwzen 1899 and 1939 than
did the other induspfiegﬁﬁ Phillips® results are too facile because o

. they probably do not measure the effects.of 1¢rgeisize and: concentration:

on invention or.development. . Greater, technglogical opportenities prob- .:o. @+

ably exist for“capitaléinten<ive firms so-that. their capital/iabor ratio.

naturally wou]d tend to grow more quickly.over-time. Thus, the casual
influence probably runs from technology. to «concentration rather than-the
reverse, and is shown by Phiilips' qwn‘subseqqent~work’%-and by .studies-

by SchererSﬁ,ﬁPhi]ip53?‘-and;Com@nortﬁ? -Scherer.and Philips . found: that
differences in, the sqignfjfﬁc knnw}edgg:pase accounted for.as much of:the
total variance ia cor#érate R and [ as did interfirm differences in cor-.. .
porate sales; Comanor's results were supportive of Scherer and Phiifps'
conclusions. ;. .o et

-

INVENTIVERESS ARD THE .SMALLER FIRﬂ‘.Z

An importaﬁt and-cogent argment ¢an.-be made that;“from the'social peint ~
of view, smalter firms:shouid iavest .mere- than“they do-in R:and D and
that they should: invest more'thin ‘largsr firms in proportion to their
size. This argument rests on the rathar °ubstant1n.

T

th t smatler f1nns ha'a_a

t of ev1dence

Someiévidence of " this: from works by HcConnzi1 and Peterson ahdisthmcdk}é% N
and Scherer already has’been Offered. “However, fione of these-separdtes -
“invention fromideveldpien £or invention or UéVe]ébmehi”frum tnnovalion,
Scherer's resulté mainly concern patents and; thereforé, relite to invem- ©°7
tion, but these are not only unweighted as medsures of the 1mportance of
lnventlon but alsoare ohly for Tortune 500 firmsy
l B % . B

"The worJ most relevant o the present drqunent deéals with the ‘origins ™ 77
of invehtion. :Jewkes, Savers and Stillerman®®iin their amalysis of the - =%

_case histories of ‘sixtycone importent twentieth-centiiry- inventions found

that less: than one-third 'of these cane fram vesearch laboratéries. ~For =%
3 more restricted period,¥1946-1955, Hamberg““ found that ‘only abewt
one-fourth of a sample of major inventions were coficeived in large
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" However, ﬁchnhg}l.ang@Fegg;sogﬂs;p§§yl§§ are not dupiicated in studies .

of larger firms.. Tvpica] results . for Jarger firms are either. tﬁat thereﬁj St

is no re]atlonsh}p heiween. f1711«51ze and R and D 1ntens1ty er-that Kand, . .-
-0 1nten=1tyﬁjncr935ﬂs up iy a po:nt and thep. diminishes. Some studies.

——show a negative rejationship between firm size apd R.and D, intensity. . . '

_Smith and Cregmers. results are. somewhat typical.2?  One of. the indus-.
tries {scientific and.measuring 1nstruments) in Smath and breaner'ﬂ

twelve- ~industry, sample -also shows a negative, re]at1onshlp for. resaarch

wo additional dndustries. (ather chem

intensity and firm size. For

and communication:amd pibctron:c equ1pment) .the intensity of the. smal
est fimms (under 1,000 enployees), was. greater; than. for, any other class . -
when federal funds were excluded. In the categories: of, other chemicals, .

‘drugs and other r=dicine, and scientific instruments, the peak intensity
occurred at less than the largest size c1ass F1nalTy,‘1n seven of the o )
twelve inductries, the, pbak 1ntPn51ty of the smaliesc size c?ass as

greater then.that, of thg next\]angq;t clgss.

Schmogkler’s results. for, ]pfger‘firms aré‘fair]y cbnsisten* wi*hlfhe~re-::':"‘

lationships .shown by Smith and Creamer.?® For a. six-industry sample,
Schmookler found across . fnLr Jindustries no. re]at10nsh1p befween firm '.-
size and R and D intensity. However, for, twa.of the six 1ndu§tr1e;,‘.:
Schuookler data show that.the;RVand D inpénsity of the snai1est:firms .
{49-499 employess in.gne case, .500-899 in another] ﬁas greater thaﬁ that “
of any other size class. it is worth not]nu that these [fwo mdustmec
(fabricated metal products and 0*d1nance, and e1ectr1ca1 00ulpmenf) are
among those in the HcCormell and Peterson samp1e . In tiyo ouher 1wdus—
tries, peak.R and B intensity cccurred at less ihan the largest size af
rore than 5,000 employees; . for the professional and §c1nnt1f1c Anstru-
“ments industry, peak 1ntens;ty oceurred.at. the second smallest size c]ass .
(560-999 emp}Pyces),ﬁan-the food and kindred products industry, the peak j
intensity occurred at the rext to largest sj;e'glass (lqODU;d,gaq:emn}oy-,:
ees}.29 ' '

Even for the cheﬂ1ca1 1ndu5try, the R and o] zntena1tv for the smal]est

- size class (flrns w1*h less than 500 emp]oyees) was greater th an_ for any
size class, .except for Athe largest. Strikingly, two of the 1rdust|1es
found by Schmooxier to exhibit peak research untenley at sizes of Jess
than 1,000 employees [electrical equipment and prefessional 1n5truments) h

S 1 PO




876.

B small firm to capital prob]ems, espec1a11y in view of the inherent risks
of R and D. As R and D *s 5pread among a iarger number of prn;ects, as.
.is more I:ke]y the Targer the flrn the r1sks of failure of any.one pro- {! .
JECt are reduced. Related to the questTon of smal? firm survival is the .
grggpgr 1ife expectancy of larger firms which allows them to assume R
~and D -investments whnse payoff perfod is. Jonger. ¥he greater diversity
of large firms_in 1ncreas1ng the 11ke11nood of betng 2ble to use an. .in-

vention, and the greater narket concentration of ?arge f1rms are also Ll
elements, thourh qu1te m1nur ones, . in exp]aining the greater propens1ty S
for R and D prograns amung Targer f!rms

R and b expend1tures‘b smaT! cumpan1es are dlstr1buted anmnq approxi- :. o
‘mately the same 1ndus‘ 1es as. fur Iarge compan1es Smjth.and Creamer‘g-‘"': ’
show for 1965 that four of he top f'!ve Tndustr!es in absorbmg Rand D .
spending by small f1rms vere a]so among,_ +he t0p f1ve for large f1rms
It would appear that he mare cap1tal 1ntenstve 1ndustrzes have the o
higher percentages of firms engag1ng in R and D.2% This probably re- __h “,
flects the-greater potential for R and. D in these industries and the
fact that capita1 1ntPns1ve 1ndustr1es tend tu have 1arger finﬂs 1t,
would be 1nterﬂst1ng to see what the, regress1on of both firm sfze and ...,
capital intensity aga1nst the percentage of f1rms engaged 1n R and n.
_would show. '

Given the skewed distribﬁtion of-R and'D speﬁding among simajl firms‘by'
lndustry and by s1ze, it is nut surpr151ng that Smlth and Creaner. find
the d1str1but10n of R ang D spnnd1ng ameng, smai] f!nns a1so highly .

skewed. 21 Th1rteﬂn percent of manufactur1ng f:rms w1th less than 1, OOG

enployees spnnt ahout 55 percent of total R and b5} spend1nq by manufac—r

turing in this s1ze CIass lhat 15 gerhhpﬁ,mprg lnterest}ng;Jilﬁhat -

this 13 percent a]so,showed-a“more_cqntjnudus record of B and D spending. ... .

Research Act1v1ty, Intensrty and F1rm S1ze

Firm s1ze stronglj influences the probabiltity of :a:firm -havirg a formal
‘R and B program, but does firm size influence the efze of the R and D
' program? One vould expect.a positive relationship.as ]Gﬁg,35u1heré.were. Suediy e
not strc}ng?y -decreasing returns ‘to scalé«in & @fd D, - \Une ralse would gx— rveo. -l
pect 2 positive reldtionship simply-on thé basis of federal funding of
R and D. The percentage of R and D funding ffdm;federa}*sources is renon
mous , though recently it ikas been deciining. » Inil959, «federal funding -
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advances may come From departménis- other than those for R and D. Changes
i tax treatment 0F Roand Docan result in new; hrbitrary‘c]assif%cétions
‘of personnel or activities into the' category of research:10 "1f these
“probisms exist in Fttempts to study K and B Tor: larger firms, how much
““more difficult is it 'to analyzé R and D by smailer f1rms in hh1 h the
* data are less sathfactory or do nnt exist?
- Aside from bisic:problems of data availability, current researchsuffers
“ from two intekrrelated and fmportant’ shortcomings™ Thie first is that data
‘are not examined o 3’ sufficiently disaggregated basis. ~ The Second de- |
ficiency is thaf'too’ few' factors have been introduced that migit help
explain the structure of R and B. Kamien and Schwartz!! observe “much
of the evidence on the'Bffect -of size has riot controited for othér fac-
““tors that may be helpful in explaining irnovationai ‘e fort * . The same
U may” be said’ oF vidence cnncernlng innovational ‘outtome. F&W stud1es
really have attempted to explain ‘the structure of R and D, undoubted]j
because to do This ruquires that the data and information be generated :
“hy narrowly focused studies working' to bu11d up a data base suff1c1ent!y v
"*r1ch to understand R and D-structure.

"~ In this regard, problems of R and D are reminiscent of pr6b1éms of devei-
oping a general theory of oligopoly. The necessary basic rescarch is
“‘tedious and perhaps 1es¥ rewarding in the short run. Perhaps econbmists
,are:]éhs willing ‘than researchers in thératural ciences to Undertake
“the'tedious and narrowly ‘focused research upun wh1ch the advancewent of
- sCience u1t1mately rests : ' g

SR AND D CHARACTERESTICS OF 'SHALL TIRMS

- The. most 1mportant stud1e5 of R and D in smali firms are those of
',McConn°11 and Peterson.l’ McConnel] amd Ross, 13 Hamberg,{“ Smith and
Creamerlq and Dearborn, kneznek and &nthnny 15_ From -these and oihnr in-
_vest1gehtcns, a number of 11m1ted and tentatr\e t ‘_Jlu' :
clusions ‘ S

emerge

Lp%" The Inc1dence of R and D Programs' :”L_”i_ ‘f‘i ﬂi'miQ “:i,;t_
. 5 - . S

L¢ﬁﬂg> | Prubab1y about 20 to. 40 percent of:small firms engags.in R and-D in a
v a2 llorelatively formal way.  Among . the more:reliable:estimates are-those f:om

the detailed:and disaggregated guestioppaire.resulis of MeConnell.and

L35
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between the investment-to-GNP ratic and*_rea'l?"gmwth rates for seven OECD
countries as measured by the Kendall éoefficient of concordance is .92,

- with a~chi square of 11020 ~This 15 just significant 4t the 10 pércent
level, which js impressive for such a small sample.® Similarly for the
1967-1971 period, the United States ranked jast in its growth ef R and D -
expenditures, followed by the United Kingdom, France, West Germany and ’

“Japan. This matches the respect1ve growtﬁ rates ofhthnse countries, ex—‘f'J
cent for the reversal of the tnited Statps and the ﬁn1ted Y1ngdom ‘

i .D
For the United States, the fall in the 1nvestment to-GHP rat1n has oc-
: curred in large ‘part because of the fa11ure of the traditicnal sources

of investment funds, retained exrnings; i
ings in constant-dollars have deciined’e : 0
186%'s and the 1970's. The ! crowdlng out effﬂct has ]1m1ted severe!y :
bond debt as a means .of ananCIng, and until recent]y. the. stock mi ket o
has nnt been a very attract1ve place to go for ftnanc1ng F1nanc5 g
prob]ems of small bu51nesses have been’ espec1al]y dechult

One set DT measures that undoubted]y are calied for are poi1c1es that
encourage ’reater cap1ta1 formatlan H1th such p011c1es. R and D

both smalI “and |arge firms undoubted]y wou]d expand However, the

sporse o ‘small f1rms probab1y would be greater because of-their greater v
sen°1t1v1ty to credit conditions. The phenomena is similar to the unem-
‘pioyment rate of minorities which ingreases proportionately more than

for dgther groups during perieds of contraction and which decreases more

than proportionately during periods of expansion.

Economic growth is 3 matter of the efficiency as well as the magnitude of
invesiment. Ia this regard, the distribution of R and D expenditures .ba-
fween large and small Firms becomes especially relevant. After.
considering the relationskip of R and D to smeller firms in the next sec-
tion, the third section of this paper argues that efficiency reguires a

- greater portion of R and D spending by smaller firms. The final section
suggests conditions under which the improvements in efficiency might be
brought about.

DATA LIM!TATIO(S FOR THE ANALYSIS OF SMALL FIRM R AHD D

Small firms are those with less than 500 emp]uyées and probably account
for less than 3 percent of total R and D egpenditures.® Yet in terms of

.” h§§“:imm.._.....”
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ArpEnDpIg XV

ARTICLE, “RESEARCH AND DEVELOPMENT BY SMALIEER FIRMSE," BY RICHARD O.
ZyRBE, JE, NORTHEWESTERN - UNIVERSITY AND UNIVERSITY OF WASHINGTON,
JOUBNAL oF CoNTEMPORARY BUsiNEss, 1976, Pacss 91-113
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chard . Zerbe. Jr.
Nurthwestern Unwersity and I..mversn_v af Nashmgtnn

THE IMPORTAHEE DF RESEARCH AND DEVELOPHENT

'I.‘echmca} change aﬂsmg f. &m rasearch and deve'lnpment Hl and D) expen-
dltures is exceedlngly 1mpurbant Solow,? #n his pioneering uork found
._that between 1909 and 1943 atout 81 percent of economic growth was at—
tributable to tgchn1ca] change and- changes in production practice:’ e .
Dennison,? in La?more disaggregated:study, found that 35 percent of the h
risg in output; per worker was attributaETe‘ to advarices. in :fé hinical ;
knomedge, and42 percent was attributable to improved-worker sducat'io
) percent; of the rlSe was due to increases in.the. cumta1 stuck. .

Oniy_

'Resear:h and deve'iopment is also of major lmportance in determl'nng com-

parative advantage, the: ha'iance of payments and the magnituda of

expn'ri:s 3 Donald Less‘mg“ found that there was a pnwerful corr

between the intensity of R and D act'lwt_y in American 1ndustr1es and ‘
their export Performance Pavitt and Wald® fourd a h1gh ‘Corvelation be-
twez-n nat:ona'l_' 1ndustria1 R and D expenditures and nationai- techno‘loglca'&

__perfoma,nr.e ac css a samp1e of ten industrialized countries. In.a. samDIe
of fourLeen industries, Gruber,.Mehta and Verronﬁ found tha‘. u. S. exnort,.
strength vas cnncentrated in the five 1ndustr1es vnth the qruatest R and .
‘B effort, ie.. transportatlun. e'ler.trlca'l rnach1 ery, nstr nenf‘s. ..hem-

icals and nosmelectrical machitiery. The remaining industries’ oxhivited a

net-import balance for-1962, the yearinvestigated.? - Fram these and sl
other studfes there is little doubt . tr,at R and D and technical chanqe'
play a maJor role botk in economic growth and.in determinirg re1atwn‘
economic p?snlon

A crude comparison suggests ‘that the fal1 in the U.S, growth rate of re-
cent years and the concomitant absclute and relative decline in the ratio
of R and-D to GiP are not unrelated phencnena. The decline in R and D

has been part of this dectine in the United States in the investment-to-
GNP ratic. See Figurg 1. For the 1960-1973 period, tha rank correlation
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Table 5-10. Distribuiion of employed doctoral scientists 80.
and engineers by empleyment seclor, 1975

All doctoral
scientisis . Doclorat Doctoral ]
and engineers scientists’ engineers
Employment sector Number Percent? Number Perceni® N.mber Percent?
Total 262 A1 100 219,055 100 43,356 100 .
Business and industry ... .. 65,876 25 43,341 20 22,535 52
Educationatl institutions . i 153,249 58 137,943 63 15,306 35
Four-year colleges ’
and universilies 147,632 56, 132,504 61 15,128 35
Two-year colleges ., ... 3674 17 3497 2 177 Y]
Elementary and - o
secondary schools . 1,942 1 1,942 1 ..
Hospitals and clinics ... - 7,586 3 7.562" 3’ 24 ]
Nonprelit orgamzations 8.510 .3 7.277 3 1,233 3
. Government ... 26,755 0= 22,538 10 4,217 10
Federaf® . 21634 a 17855 8 3.779 g
State ... 3110 ° 1 2882 1 ;223
Qther .. 2011 - R 1,800 1 211 .
Other employmani sector 86, 1g] - B6 =)L - —
Employmenl seclor unreparied .. 349 - — 308 - .41 -

" Includes 94 scienlists or enginecrs whose fiéld is unknowi.
* Excluding those whase employcl was unreported

* Includes the military and the Commmsmned Curps af the Publlc Health Service.
* Lass than 0.5 percent.

NOTE: Delail may not add tototals becguse of rounding.

SOURCE: National Science Foundallcn Cha!aclensrlcs of Ducroral Scienlists and Engmeers in !he UmledS!a(ss 1975
(NSF 77-309), pp. 38-41, . oy

See Figure 517 in text,

Table 5-11. Docloral scientisis and engineers
by age and ype of employer, 1975,

Business . ___ Four-yearcolleges . ... Federal

and ingusiry and universities Government’
Age Number Percent  Number Percenl  “Number' ' Percent
Telal 65,876 100, .. .147,633 . oG - . 21834 1100
2,129 . 3 T o572 4 773 4
1517 . .. 30862 .. 21 19
14,113 21 .. . 30,803 . 21 . .22
10.274 16 23,687 16 17
8.090 12 19,833 13 = -14
7476 11 16,146 H 11
4610 7 10.774 7 7
2,734 4 6,461 4 4
. . 1.224 2 3,094 2 2
No report . g y] 101 o] &

! Inciudes the mililary and the Commissioned Gorps,
Z Less than 0.5 percent.

NOTE: Detail may not add 1o tolals because ol rounding

SOURCE: National Science Foundation, Cmractensnns of Docloral Scienlists and Engineers in the Linited Slales, 197!
{NSF 77-309), pp. 38-41.

See Figure 5-19 in texl,
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¢ . DATE OF
L _AWARD

10/76

11/76

9/

QFFICE OF PLANNING AND RESQURCES MANAGEMENT

FIRM NAME

Computer Horizons Inc.
Cherry Hi11, N.J.

Computer Horizons Inc.
Chervy Hill, N.J.

Institute for Scientific Informa-
tion
Phitadelphia, Pa.

PROJECT TITLE

An Evaluation of University Research
Productivity

Raeview and Analysis of Importance
and Utilizatien Measures Contained in
Evaluative Bibliometrics

A Citation and Publication Analysis of
U.S. Industrial Organizations

RWARD PROGRAM

NUMBER AREA AMOUNT
7681724 Evaluation § 42,495
7682354 Evaluation $ 18,318
7710048 Evaluation § 54,851

T

FO8



DATE OF

AWARD . .
9/77
977
Q777

2/770

- Coursewara-In(

L L FIRM. NAME

: Prism-Productiohs Inc.
~Camarillo, Ca. :.:

' Exbtech'lnc.‘- )

. Gaithersburg, Md.

. Westat. Inc.

Rockville, Md

Provo, Utah

“Develofment & Evaluation

Associates

Syracuse, N.Y.

cotden

" SCIENCE EDUCATION DIRECTORATE

~.-An Experiméntal Seriesiof Science Pro-

grams for Commercial Television -

Data Pfoceséing Support to the Science
_ Education Directorate

~Program Evaldation-in Science Educa-

tion: CAUSE

Strategies: An fmpirical Inyestiga-

~ Evaluation of CAUSE

AWARD

;NUMBER
7716196

7726461

7723940
7601650

7723982

_Systemé

PROGRAM
. _AREA  AMOUNT
Public $203,100
Understanding : "

of Science

‘Special ©  $124,854
Studies -

‘Systems $ "g,900

_Approach

“Technologi- $207,750
..cal- Innova-
- tions in Ed-

ucation

LS 9,9%0
Approach

Wi

G998



CATE OF
AWARD

5477

“ayr7

19777

9/77

Awards made .via.a: purchase ovrder:

 FIRM NAME

Technolody” Associates®of

Southern California, Inc.
..Monterey Park, CA

“CoNSAD Research Corp
Pittsbyrgh, PA.

Operations Research, Inc
Silver 5pr1ng, MD

Kanpa Systems
Arlington, VA

7777 -

77

.9/77

8/

FEPSTERE

8elt, Beranek & Newman
“Lambridge, MA

"C1fnﬁhal.§y§tems

Associates, Inc.

. Washingten, D.C.

- Glinical Systems -

hssociates, Inc,
Washington, DC

Dames & Hodra
San Francisco, CA

A Prototyps Evaluation of the Program
Output.of the Research App11ed to Nat1ona1

¥nyestigation of -the Design and Performance
of a Simple Liquid Piston Heat Engine

. Meeds (RANN) Program.

'Techn01og1ca1 Needs;of ‘the Physically::

““Research Pricrities to Aid tha Productivity
of the Physically Handicapped

- Rasgarch on Methods for Assessing the o
,Ut11lzat10n ‘and- Impact of RANN Progects

:RFP 77 110 Externa1 Product Eva1uat1on

Management

Evaluation of Basic Research Progress and
Future Research Opportunities -in Human .

Factors and Ergonom1cs

Handicapped

" PROJECT TITLE .. cor

AWARD

" NUMBER-

77-07489

76-11438
104

77-22180

'7f126721

Subtotai

RN-1473
. 75P0920

RN 1039
" 7SP0B42

L RN=6096

7sP1321

Imp1ementat1on Measures to Reduce Earthguake . RN- 6874

Hazards of Dams

75P1045

“PROGRAM

i~ AREA = .~ AMOUNT _
Exploratory - 53,600
Research

JResearch 57,?07
Evaluation o
Research 63,500
Evaluat1on o

--Research 7 Eﬁi,ﬁgﬁ
App]1cat1ons

$ 7,599,535

Vs

Productivity 3,609

< Productivity = 9,850

“Broductivity »6,250

_Eavironment 1,000

‘2L

008



277

9777

12/76
8/17

R Y

[N 707

£8/77

a77

. FIRM_NAME

Cneida Materials Curp
Cucamonga CA

Jungau, WT 1

Anvey Bioscience Design
Sierra Madre CA

Roger B1bbaum & Assac1ates
Creston,, IA .

Char1es River Associates
Cambricge, MA . . .

Co11aborat1ve Research Inc.

Na1tham, MA

Co11abarat1ve Research I
Wa]tlam, M s ;

DASE Industries, Inc.
Chevy Chase M

EIC Corporation e

Newton, MA

S Experienced Résource

Group, Inc.
Baton Rouge, ‘LA

. PROJECT TITLE

Develgpment and.Testing GSMRI. "A" Metal -

Process for Recygling 5tee1making;Dust~and'

Scale Waste for Industrial Adoption

Nqiﬁfé_ﬁﬁéd Food golorant from Beets . .-

dojoba, Seed Meal as an Animal Feed

An ASsésément of the Potential for Applying
Urban Mastes. to Agricultural: Lands

An'Aﬁiﬁy31s-6f'ﬂéaofHPo1§cy Issues Raised

Synthesis and. Applications of, Nuc1e1c
Acids to BioTogical Nitrogen Fixation

Enhancement of Animal Protein. Product1on

be Novei Genetic Technciugy

Evaluation of Free-Falling Film Ultra-
H1gh Temnerature Processed Milk

Recovery of Chromium from N1cke11fé;6us

. Laterites

ATternative Food Delivery Systems -
An Exploratory Assessment

AJARD PROGRAM
NUMBER AREA AMOUNT
v 76-84256  Indus. Prog / 75, OUD
e Resources - B
- 76j246?7 Resources 103,900
76-22835 ° Resources 77,300
77-082680°  Resoufces 92,100
77-13455  Resources 191,900
{30,000 fro
“ Bureau. of
Mines)
77-10195 .. Resources.. ;. 209,100
*#77-19654  Rescurces 24,997
77-04162  Resources 168,700
%77:19538  Resources’ 24,740
77207184 Resources 25,000

0L

8¢8



DATE OF

RHARD '

f 4}?7
71,
977

Sy

- 877

977

w77

L 6/77

oy

6/77 +

iR NaME

Maﬁ?erKEngineéfiﬁﬁ;'Inc.
Houston, TX.. .

Maynard; Research Council.
Pittshurgh, PA -

Mﬂ?fisyﬁﬁé¢§: Iné..
Cambridge, MA - ’
Pracision’ Instrument Co.
Santa Clara, CA

Rad1at10n Mon1tor1ng
Devices, Ing,
Watertown, MA

.Sc1ent{f1c:Process and

Rasearch, Inc.
ngh]qndnfark NdJ

Scientific Systems, Inc.
Cém@ridge,;MA :

Spectrum Research
Denvef,€Q. - ..

Stearns, Conrad, & Schmidt
Consulting Engineers
Long Beach, CA’

Stearns, Conrad, & -Schmidt’

Consulting Eng1neers
long Bedch, CA

PROJECT TITLE
Conference on Research in Exdavation
Technotogy

Study nf a Mechan1sm to: Foster University/

_Small Business Interaction

Remote Empluyment of the Physically:
Handicapped
S11destore'

Lér@é Capacity. Information
Storage '

Research on Uncooled Cadmium:Telluride .-
Gamma Detectors as Substitutes for UTtra-
pure..Germanium

mwﬂmofﬂwamwmhm1nﬂﬂhﬁ

Processing,.

Micrqprocessur-Based Prosthetic COntro1 )
Evaluating the Organization of Serv1ce
Delivery: Public-Health: ;

Research onh Equipment Technology Utilized
by Local Government: -Refuse Co11ect1on

Research on Equipment Technology Ut11TZEd
by Local Bovernment: Refuse Collection

PROGRAM. -~

AWARD: s
NUMBER AREA AMOUNT
75114405 Productivity 36,900
A03
77-14151  Productivity 100,000
*77-19497-  Productivity 24,948
*77-19528 . Productivity: 24,995
77-10434  Productivity 198,100,
*77.19512  Productivity 25,000
- %77.19672  Productivity 23,670
74-08798 Productivity 8,648
AOY B P ST
77-04424  Productivity 40,272
74-20560  Productivity 13,800
AO3 - A

‘8%

998



CDATE OF  /ifion bt R e I AR I VRMARDT T PROGRAM: e
MWARD < iy - FIRM-NAME . £ oenn . «PROJECT.TITLE HUMBER AREA AMDUKT

9477 .Nopdward-c1yde Consu]tﬁnts'-:,Analys1é of the Adoption.and.Implementation 77-13908  Environment 208,300
Tt +-San:Francisco, CA- .« . . 0F. Community Land Use. Regu?atlons for: S s . R .
: ‘ F100d Plains : : ’

" B/77 TgAdvanced Research ResourcesA- A Conference to Formulate Priorities for ‘. 77-07886 -. Productivity .. 74,900
1 Organization . Research on Human Performance and I
E -.Silver Spring, MD ;fFroduct1v1ty e .
9777 Agbab1an Associates " Ifproved Des1gnJPrUCeddﬁés'f6f=Undérground : 733§6544 Pfdduét%Vity 979900
! AN Segundn CA ) - Structural. Support. Systems in, Rock -
' 9s77 Amtech Ine, ’ Micro-Isotope Tool Wear Detect “*77-19517  Productivity 25,000
' ::Newton, MA ' ] .
.. 9/77 1:810ck Eng1ﬁeering. Inc. . .Single Ended. Photoelectric Hazard #77-19478  Productivity. 24,495
! Cambr1dge MA - Warning ) T B
. 9/77 "Cenamzc.F1n1sh1ng Co. ?TContro! Df Fragment S1ze D15ur1but1on ‘L*77—19818 Productivity ., 24,942
State Coliege, PA and Darage Penetrat1on Dering Machining o a
. af .Ceramics
“4/177 - Ehergy Research and . Thermocorer. far Rap1d Excavation ... .. - ..73-03322 Productivity 131,200
Generation, Inc. AOG ’ ’
:LOakland CA ]
o TATT ; Ensco, Inc.: o = fftéémbféVSéHSing_w{th‘Grnund-P:obing Radar .- .76-03300 - Productivity ---10,700
Spr1ngf1e1d WA ’ ) ©hoz ' )
377 Exotech, ‘Tnc. -.. ' s‘h'ap_'e,d-'hd'lsE_Ra'tahy_ Percussion Drilling 75-16367 . Productivity 18,700
GaIthersburg, MD ’ ’ ' MDY corT
=7 Exotechy Tnci = Shaped-Pulse-Rotary Percussion Drilting =i 75=16367 .‘Ptuductivity_;;:lg;900

@aithersburg, MD _ . T ) 03

f=a]
(=3l

g



DATE OF
AYARD

ARV S

3777

a7i

5/77

" EIRM NAME

‘Bu11ding.5ysténﬁ

_Development, Inc.

»San Franciscoy CA

: Ciement Associates, Inc.
‘washlngton 0.C.

;-clement Assoc1ates, Inc

Wash1ngton, D:C..

?‘cbfl%effwdhm Ranch

santa CTara, CA
‘Gnrnhan & Associatéﬁ, inc.
: ch1cago,_IL

Human Eco]ogy Research
Services, Inc.

',Bou1der, CO

Human EuoTogy Research

.- Sarvices, Tnc.
~Boulder, CO .-

Laser Analytics, Inc.
Lexington, MA

Media Four Productions
HelTywood, CA

c:An EvaTuation of ToXicoIog{ca1 Information

" AMARD

PROJECT TITLE : NUMBER
CUTL rmnono Lur e Bl ; : ST -
_Buiiding Configuration and Seismic Design v?6-81821

715417
Relevant to Future Testing ‘Réquirements for . "
Hazardous Chemical Substances and Mixtures
“'An.Evaluation of ToxicoTogica® Information  77- 15417

Relevant to Future Testing Reguirements for " ADE"Y
chardous Chem1ca1 Substances and Mixtures

f-Con»ers1on of: Mun1c1pa1 Mastewater . Treatrent -77-16832

Plant Residusl Sludges Into Earthworm Castings

'fnr Use as’ Tapsoﬂ

Contro1 of Heavy Meta1 Content of Mun1c1pa1 77-04355
Wastewater Sludges

< KiComparative Analysis of Public Response to ?74 18813
Weather- Modification A03
Metromex: Soc1a1 Impacts of Inadvertent 76-22047

fweather Mod1f1catton parat1ve S d‘ N
Improved Sens:t1v1ty af Laser Absorption 77-02124

Techniques for Atmnspher1c Peliutant
Mon1tor1ng )

Synthesis of a Mun1c1pa1 wastewater STudge

76-82708
Management System A1

Environment

PROGRAM
AREA AMOUNT

Environment 199,400
Environment 142,793
Environment 173,444
“Envi ronment 9,700
Environment 110,900
"Envirdninant 563600
Environment 60,300
Environment 211,500

49,640

‘9

268



ASTRONCMICAL ;- ATMOSPHERIC, EARTH. AND OCEAN SCIENCES DIRECTORATE

FOATE oF T T e : R T R AWARD

" PROGRAM T 7 ¢
- AYARD FIRM NAME - ... . PROJECT TITLE NUMBER AREA AMOUNT
2777 ©07 i Saripta Technica Inc. “-publfcation-of Polar Geography. 7681106  Polar - § 21,000

L Washington,. D.C. AR T R s S
9/77 " -+ Compass Systems Inc. - = Assembly ahd’ Ana1y51s of Oceann-( 7724040 Atmospheric $ 30,000

: ~ 7Y San Diego; Ca. ~“graphi¢ Dataon’the Surface Layer Coed R s

. : (0-350 M) in the Southern Hemisphere
e “and Preparatron ‘of ‘the Results fnr
c ~‘Publication in an ‘Atlas’

8/77 . Compass Systems Inc. “Assembly and Analysis of Dceano- ’ 7709201  Atmospheric $158,800

-0 ‘San Diege, Ca, *-graphic Data"of -the Surface Layer P ¢

T e ) {0-150 M) in-the" Southern Hemisphere ’ R

058

and, Preparation of the Results for
“Pubjicatibﬁ'én_an Atlas

"29




¢ DATE OF

© _AWARD

177

TECHNOLDGICAL, AND INTERNATIONAL AFFAIRS DIRECTORATE

SCIENTIFIC,

FIRM NAME

Courtésy Travel Service |
Washingten, D.C.

Computer Horizons Inc.
Cherry HiTl, N.J.

Metrics Inc.

Atlanta, Ga.

.Charles River Associates, Inc.
ﬁCambrjﬁge, Ma.

”Tﬁﬁovaiive'Systems Research

Perinsauken, N.J,

.Cap{té} Systems_Group Inc.

Rockviile, Md.

fCap!taT Systems Group Inc

Rockv111e, Md.

Westat Ing, oy o
Rockville, Md.

PROJECT TITLE

Travel and Administrative Services
in Support of Intern'l Science Acti-
vities Sponsored by the NSF

Implementation of Evajuation Metho-
dology for Interrational Programs

The Economics of the Unique Functions
Associated with Information Ana1ys1s
Center .(1AC) Services.

-Development of a Discrete Choice Model
-for the Demand of Scientific and

Technical Informat1on

ﬂE1ectron1r Infcrmat1on Exchange: in Re-

séarch on Dev1ces fur the D1sab1ed

A P1ann1ng Gu1de on Innovat1on in the

Digsemination of Sc1ent1f1c Information

-A Planning Guide on Innovation in the
Dissemination of Scientific-Information- ' -

Relationship.of Organization Climate
to the Transfer of Scientific and
Technical Information in Industrial
Settings

AWARD

NUMBER

7708322

7708484

7718035

7718020

7717924

7701455

7720489

7681946

Tevds

PROGRAM
__AREA

Internat'l

Internat']

Science

Information

:Science
‘Information

Seience

Information

‘Science

Information

Science

.Information

Science
Information

AMOUNT.

$ 500,000

3 24,915
$ 83,800
§ 101,764

$ 61,143
$..92,586

$ 219,500

% 10,017

‘09

8%8
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58
APPENDIX C

FY 1977 GRANT AND CONTRACT avarps
“T0 SMALL BUSINESS

LISTED BY_INDIVIDUAL-AWARD-BY- "

NSF DIRECTORATE

N i

1/ In¢ludes programmatic grant and contract awards .. Excludes awards
pr1mar1{v For NP logistics support and purchase orders except where

noted, 1n;thp Research App11cat1ons 11st B L i B
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APPENDIX B

gwoone 0 FY 77 AWARDS TO INDUSTRY--BY NSF PROGRAM ELEMENT

=
o

Other-Math Sciences S :
Engineering/Heat Transfer 1
Engineering Energetics 1
Engineering/Flyid Mechanics 1 -
Metallurgy '’ |
Ceramics 2
Materials Research 2
Chemical Analysis 1
Engineering 1
Other 1 : :
S TOTAL: ¥ . - 718,33bt0w . -
STL
Policy Research & Analysis 5 217,847
Cooperative Science Program 1 500,000
Scientific Organization & Resources 1 24,915
Economics:of Information L2 wi i 18545564
- Access. Improvement © 3 i1 363,229
User:Requirement Program =3 146,186
Studies of Science Resources .6 534,269
TOTAL: 2 1.972,070*
AEQ
Aeronomy 2 . 136,500
~Sotar~Terrestrial 2 . 148,800
Atmospheric Chemistry 2 119,900
Solar Terrestriail Physics -1 67,500
Information Services USARP 1 21,000
Contract Support USARP 5 7,059,825
“Climate Dynamics 3 288,800
Research Ship Support 3 295,047
TOTAL: 19+ 8,137,372«
8BS
Regulatory Biology 3 164,856
Metabolic Bio. ‘ 1 80,500
Economics 1 12,500
History & Philosophy of 5¢i. 1 ~ 82,700
: TOTAL = 6 - 340,556




842

54,
RA : Ho. : Amount
Resources e O RPN S ¥ ST o 2,122,800
Renewable Resnurces ’ 1 35,000
Societal Response to Natural Hazards 2 - 920,000
Instrumentation TechneTogy " 3 198,600 -
Excavation Technology 19 . 1,732,800
Earthquake Engineering : 12 oo = 2,013,100 -
Environment 94 A 293 ,600.
Weather Modification - 2 -101,900 .
Regional; Environmental Management. .. . 10 2,760 _300
Chemical Threats to the Envwonment 13 3,592,400 °
Product'lv‘lty 134 i 3,269,600
Reguiation . 2 S 929000
TechnoTogy Assessment . .25 1 115 675
PubTic Sector Productivity 1 T 5,000 ..
Service Delivery Technology & Systems 5 '6.65,025 -
Natwnal Productivity Measure. 2 192,000
Service Productivity & Inter‘guvernmenta'i : PO
-Relations : 1 B © 59,500
Pubhc Sector Productivity 2 T 121,600
Public Policy 1 o 260,400
Distribution & Equity 1 5,760
Systems Analysis 1 24,942
Biomass Utilization 1 280,000 -
Mineral.Market Behavicr & Shortages 1 190,800, -
Resources Development & Conservation 1 _.708,300.~
Advanced Processing Technology oo e . 89,700 ,
Industrial Program 8 . o 4_]_4.2,819 .
International Travel S P ) 978
Co TOTAL: 431 323 829 799 i;
BBS -
Genetic Biology 2 548,200
Ecosystem Studies 1 198,000
Regulatory Biology 2 112,100- -
__Metabolic Biology 1 319,200
Biophysics 1 » o 712,600 o
Memory. & Cognitive Processes Al .. .63,100
Anthropology 1 112,500
Economics 1 16,200 .
HTStDY‘y & Philosophy of Science 1 _EE“Z,,QQ
; TOTAL: T - 1,524,600 -
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50.

NASA patent po?iciés appearnnot'to-be’a-serioUS'detérreﬂt tofindustry o
participation.in NASA: basic research activities.. Patent rights start with =

NASA but -companies often are assigned development rights if the government -
does not plans:to use ‘the patent. NASA"s congressional supporters have- =~
emphasized- that NASA supported: research-is: beneficial to Y.5.: 1ndustry and
the national economy. Moving research  results to utilization s 1mportant“-=
in meet1ng those 0bJect1ves

NASA's pub11cat1on pnT1c g5 in the ba51c research area generaIIy resemb]e
those of NSF.. NASA encourages pubTication’in refereed’journals:and staff - o
spoke of an”incréasing: emphasis on that-mechanism as'-one of-the evaluat1on5"*'
of quatlity to be-weighed when: considering’ further: research support. -In @
addition, for NASA contracts, partTcuIarIy those let in response to specific
research needs, NASA:requires:a’technical report addressed’to'NASA." In-one-

of the research: areas -it'was. noted-that. research findings by private firms™

in the natural resources area sometimes’are not pubiished réadily; somé:
companies with.Targe research” programs : ‘and"-Tahs- participate read11y in”

certain of the bas1c research act1v1t1es, and publ1sh resuIts in the open
Titerature. . o

ATR FORCE OFFICE OF SCIENTIFIC RESEARCH

The Ain Force Office of Scientific Research relies mainly on qn§oI1cited :
propasals for: initiation of-new work:through ‘grants“and contracts. Proposals e
are supported based.on ‘their originality, significance to sciénce, ‘the
scientific competence of :the:investigator, the reasonab]eness ‘of - the research
budget,:and the .appropriateness. to the Afr-Force. *iGrants are Timited to

support of-research at -universities and’ npt -For- pruf1ts Contracts are 77

used fo support research 1n lndustry b ; . el T

Research: awards to 1n 'stry vary= ccord1ng to the Tndustry expert1se and

interest as ‘these ‘relate to the ‘Afr Forcé's -research prodrams, and the’

interest of the Air Force in-the industry: expertise or - the quest1uns that

a researchermay want to investigate. - The AFDSR indicates that abnut 15% _

of its extramural basic research outiays goto Tndustry, and est:mates that"’
_about 10% -0f:these awdrds® are to small businesses.’ :

Industry performance of basic research for AFOSR is mare ]1ke1y in h1gh
technology areas such as electromdgnetic materials®resedrch #nd device
concepts.In the microwave tibe area; AFOSR has-seven ‘industrial resedrch -
performers and ‘because of a ‘scarcity of-trained researchers in this area
Stanford University is training researchers in the field.

The AFOSR reports. no’ special patent PPUbIEms that appear to detef’ industrial. S
_bas1c researchers frnm A1r Forc : o SRR
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ONR does not have data permitting comparisons with NSF on proposal pressure.

ONR interests are known generally and preliminary contact serves as a screen.
OnTy “Proposals of some “interest to:ONR- tibmi tted “in_most “casés. There ol
are few un5011c1ted proposaTs and thear reTattve 11ke11haod of support 15

not h1gh :

In the nature of ONR relationsh1ps, contracts and negot1at1nns, there are -
no serious administrative problems  of & coitinding sort“involved with - °
patents or publications. There are no cost-sharing requirements. -

NATIONAL INSTITUTES OF HEALTH )

NIH dues not make grants to 1ndustry Its awards to 1ndustry are in the
form of contracts. ~Most of “the contracts with industry are in response o> i
reguests for proposals. Within specific contracts it is sometimes necessary ™"
to perform some basic research, but such basic research is neither the
“major portion nor''the primary purpase of the tontract. '-This dccounts for
the fact that-no’ ndustry basic research is réported by NIR in the annual =~ -~
- Federal ‘Funds ‘report ) since traditionally NIK has not ‘spit its awards for '™
reporting purposes. Rather, the entire amount of any award has been
a]Tocated to the maJor research or deve]opment thrust

There are ¥elatively “few unsclicited- résearch ‘proposals per year “From 1ndustry7‘
In FY 77, there were fewer than 10 active R&D contracts with industry ; ’
resulting from unsalicited proposa]s, some new and some carryover from

_prior years ;

I

In FY 76 there" were about 300 R&D cnntracts awarded tu for-prof1t organ1—~1
zations. -

The determinitions for ‘awards o industry are made on ‘the basis of compet1t1ve H
evaiuation, w1th a very ‘few'awarded 'on-the basis of "s¥nguldr ‘technical - R
competency NIH supported research in 1ndustry 1s prtmar11y 1n the T1fe

sciences. :

-.NIH policies concerning both publ1catiuns and patents resemb]e cToseTy those
of NSF. Researchers are encouraged to publish in the open’ Titerature and:
patent rights are dealt with on a deferred determination basis as with NSF.
Cost-sharing 'is based-on 1nd1v1dua1 contrdct negot1at1uns based on poss1b]e
commercial advantage to the research performer.” :

. NATIONAL AERONAUTICS AND SPACE ADMINISTRATION h

D1s:usgions were her w1th NASA Headquart r's .research management staff n-
three areas--enginsering,’ T1fe §eiences, :and space and teFrestrial SCTEnCES
NASA's p011c1e5 on the support of basic research are comp]eteTy apen
Anyone can appTy. From one area 1o another pract1ces vary. Project
announcements ‘and kriowledge of prograin thrusts in each field have a magar
influence on the support sought by research performers.
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PART TV

Supportlpf'Baéic_Research in
Induétfy by Five Other :7

.:Fédé;al Agencies
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_ 44,
-2-
Directorate/Field/Program Area =~ No. Amount,
Science Education ;
Seience & Society . o T 203,100
Science Education Development *i- " feoines 484,648
Science Education Research 2 19,830
TOTAL: 7 $707,638
~Administration ] B LA LT YA A
Office of Planning & Rescurces Management : © --:§ .- . 1 295,999
2

Office’of Government & Public Programs .

28,0852

\

l/Appendikjiﬁrovides more detailed 1ist by program element. - -

Z/Inctyd§5$hhtarctic Research Program logistics SUBPOrt i T el taaet
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i ; Table III-4 a2,
FY 1977 GRANT AND CONTRACT
AWARDS . TO INDUSTRYl/_

% of .FY 77.. .. FY ?7

D1rect ate . No.lAwards Amount ’ Gb11gat1ons 0b119at1on§
Mathemat1ca1 & Physical o i '
. Sc1ences_& Engineering w12 $ 718,335
Techno]eg1cal i
% Internat1ona1 Affairs <21 1,972,010
.'Astronom1ca1,Atmospher1c, T .
Earth & Ocean Sciences 19 . 8,137,372
Research Applications 110 9,714,070

Science Edication 7 707,638 ..

Biological, Behavioral

& Social Sciences 6 340,556 .27 126.6

Planning & Resources O e S
Managament & 295,999

Administration 6 1,115,744

Government & Public : ) o
e $éj;b§g§g;g{ CTEm Ty

_/Exc]udes purchase orders . g ’ :

These figures shown without $1.3 million transfer from RA to STIA for
technoltogy assessment as shown for FY 77 for consistency in the FY 3979
Budget request.

g/Inc1udes U.s. Antarctic Program

A/science Fducation total less Fellowships and Traineeships ($15.3m)

5/FY 1977 Total NSF obligations ($791.8) less Special Foreign Currency ($4. 4m),
PDEM {$45.5m), and Fellowships and Traineeships ($15.3m).

GENERAL NOTE

During a fiscal year some awards will be to support proposals received in the
prior fiscal year. Some proposals received during the current fiscal year will
not be acted on finally until the following fiscal year. .In categories of small
numbers, particularly where contracis are 1nc1uded, 1t is poss1b1e that for a
single fiscal year awards may exceed proposals. =
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40.
Table T11-3° ©'
FY qa77° PROPOSALS REE%IVED FROM INDUSTRY
BY DIRECTORATE AND FIELD OF
SCIENEE GR PROGRAM AREA WITHIN DIRECTORATEL/
Directorate/Field =~ ' o Cpmount
Mathematica] & Physical-Sciences & Engineering . -
Math & Computer Sciences 2 § 53,000
Engineering . . 5 7593167
Materials Research 8 926,600
Physics coe 2o e, 212,500
Chemistry o 4 50957800 7T
* Dther 1 oo . 10,535 y
4, - TOTAL: 722 CodessrTor
Scientific, Technological & International L
Policy Research. & Analysis 8 701,039
International Science 6 1.623,600
Science Infermation 24 e __2 162,686 .
Science Resources Studies s e 488 613
TOTAL: 45

Astronomical, Atmospheric, Earth &
Ocean Sc1ences o

Atmospheric Scisnces *

9 1,746,600

Astronomy 5, 398,700

Polar Programs 142/ 7.679,225

Ocean Sciences 1 40,700

TOTAL: 29 $9,865,225

Biological, Behavioral & Social Sciences

Biological Sciences 7 1,250,100 .

Social Sciences 2 175,600

Behavioral & Neural Sciences .2 98,900

TOTAL: Tl $7,524,600

l-/Appendix A provides more detziled Tist by program element.

g-"Indudes Antarctic Research Program logistics support.




826

38.

e TAL BROPOSALS “RECELVED BY"NSF" DIRECTORATES==FY 1977
FROMALL' SOURCES AKD FROM PRIVATE INDUSTRY::
i {Data as of Sept..30, 1977)

thé] From

: S Total-From -:r oo
D1rector'ate i n A11 Sources Private Industry

Mathemat1ca1
Sc1ences E

Physical f&. fE‘nﬁiﬁ’éeﬁng .

Sc1ent1f1c, TechnoTog1ca! & Internat1una1
Affa1rs _

Astronom1ca1 Atmospher1c, Earth & Ocean : j
Sc1ences' oo

Research Appl]cat1uns

Blo1og1ca1;'_ehav1ora} -Soeid]:Sciences

Science Educat10n

Other {Administration; Office of _
#lanning & Resources Management;

0ffice of Government & Public Programs) 54 3

TOTAL: 28,122 568

*Excludes Fellowships and Tfaineeships.
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36.

The Fiscal year 1877 dat II 3'show that more~proposa1s ware:
received-in-the-materials- research.area -than .elsewhere..in..these three..
directorates, with atmospheric sciences, biological sciences, eng1neer1 g,
astronomy and chemistry.all receiving. four. or.more propesals. - (Polar
programs is considered: to havesreceived five reseavch. propusa1s when the
nine for research support serv1ces are exc]uded) .

The greatest number nf bas1c research program awards were made tu 1ndustry
(Table T1I-5}, ~in materials: research;:atmospheric scienceés,- engineering

and biological sciences.:{When Po]arrprngrams support awards ave excluded,
that program category drops to the low end of the group). .:Appendix B 1ists
the grant and contract awards to mdustry by NSF d1rectorate and program
element. } : ) :

The data for awards to sma]l busxness, a subset nf the dafa’ for all industry,

are grouped by totals for each d1rectorate ‘and ‘then ‘are’ 1nd1v1dua11y Tisted

by award by Directorate in Append1x C.: Rev1ew of the awards Tt small

- business made by the three basic’ research ‘divectorates in'fiscal year 1977
shows “that most &f" these awards ar for _naly51s or eua1uat1on -of data on -

research materials., = 7" R

The actual numbers of awards in these areas’are too smalk to perm1t valid
conclusions from statistical” comparisons of’ these' totals-with-the data on
populaticn character1st1CS and d1str1but1on of bas1c researchers in industry.

RESEARCH APPLICATIUNS DIRECTORATE )

Some 1417 proposals were rece1ved by the Research AppI1 1t ns “Directorate
in FY 1977. That directoraté has accepted prnposa]s from private firms
without special criteria for qualification beyond the merit ¢riteria used
for consideration and support .of proposals, from other sectors. . In addition,
small business fivms that have oitstanding capab111t1es for sc1ent1f1c re-
search or technology. have been,encou ded to
because of special 1eg1s1at1ve pﬁ
FY 1976. 1In FY 1977 the’
proposals from pr1vate' nd
recetved. Of the 431 thére )
in response to thé "Small Bus1ness"fnn0vat1bn “spTicitation
Application made 544 awards in'FY 773 110 awards were. made to industry, nearly
20% of ‘the RA total nimber’ of awards.  0f the"110 RA awards to’ 1ndustry,

95 were to small business, 17.5% of the total mmber of RA awards..

RANN's proposals and awards are identified by field of program thrust rather
than by the traditional fields of science or disciplinary area. In FY 1977
these grouped as follows {proposals from the splicitation are in the data,
shown separately in parentheses):
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34,

nearly’ a]] ‘of “the ob11gat1ons é

for Mathematical, Physical Sc1ences dnd- Eng1neer1ng (M?E) “the Directorate”

for B1o]og1ca1 Behav1ora] and Soc1a1 Sc1ences (BBS), and the Directorate For
i d 0

"Pr1vate Profit 0rgan1za ons:
rec1p1ents of | awards for

! 0] V i
m; (b)) un1que recoyrces are availabTe “in 1ndustry“for the
work; or (c) the project propnsa1 is outstand1ng1y meritorious.”

S

It a sn'has been masunderstuod by Some "
who -have thnught-that NSE .never: makes awards to. commercial for -,

support of basic research such is’ not the, case.. ¥ Firm:
for basic res rch suppor ‘have, been relat1ve]y 1nfr quen : ‘Aﬁ\TVe}beén
made by NSF for many years. T ) ’

Concerned that the 1ong stand1ng word1ng .of: the, bas1c research support . .
. Lh Boar




~LL6l Jedf [eosld

- *Ra1snpul 03 spJdemy
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... Table T1-11: Funds for Basic Research by SeTected Industry
fnr F'rrms With Less: Than 100[} Emp'loyees 1976 -

(Inciude l"Company and Federa? F‘nds

Dollars in Mﬂhons

% 61“ Total

. .TDT;'-\L . | . s : c és . B 100% g
Food .and kindred products - 2 3
Chemicals.and allied products ‘18 - 7
Industrial chemicals ’ 3 4
Drugs and medicines . 5 R
Other chemicals . 1 15 .-
Petroleun refining and extraction B j'jl‘z
Stone, clay, and glass products = =4 =
Primary metals 1 L2
Nonferrous metals and products 1 2
Machinery " L e 6
0ffice, computing, and accountmg Lo
machines 2. 3
Electrical equipment and communications . 14 21
Commmication equipment and; - o : B
communication 4 6
Other e]ectrica] equipment 10 15
Transportation equipment other than " .
motor vehicles and eqpt. v om0 wE 2w onn 3o
Other manufactur-mg ndustries 17 2
Nonmanufacturing ﬁ}dustries . 21* kR

*Including cummercj_a1 resear‘ch-’ and development firms..

Source: National Sc1ence Foundation R
Prehmmary Data-



Table:T1:8:  Funds for:Basic .Re'sear.'ch.' by: Selected 'I.l'.IdU'S',tﬂ: ST
{Includes Compariy and Federal Funds} - :

1971 and 1976 /4% ;

{Doltars v mitldens) i

% of . ", Percent |
1971 - Jotal  1976{Preliminary) . Change :
TR g % of Total
$581

- 002 g786 100¢ 358
Chemicals and Allied Coas 3 s M e
"~ Products i £ T

Total.:' :

" Drugs & Medicifies SIEOAFT IR e Ll B2

Petroleun refining & T arl
extraction 7 21 & 45 6 114

Hach._i nery _ - éZ 4 36 5 e

Electrical squipment . . -

..&:cnmun?cgtign b 7143 .25 18 39 s 4
Afrcraft & Missiles . 53 29 52 it e 2
Nonmanufacturing - - ‘ S N 29 LRI

K11 qther industiies L 95 8 154 20 e B3

Source: National Science I;Sundation'.
-1/25/78
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Taple iI-7: Funds for Basic Research. by Size.of Company
(;nc]udes Company and Federal Funds)
1971 and 1976 o

(-Doﬂars Hn m11~'|10ns)

i S e : %‘.i"e;'rcent
. 1871 . : 1976(Pre]1m1 nary) , Lhange
: TR T T g of Total
. Total o n o $E8L §786 .. 1002 .35
tess .than 1,000 emplayees 3% .. 6 69, 9 32
1,000, - 4,999 emoloyees, . . 5L, 9 . 3%, 5 Cos%
/5,000 - 9,999 employees . 72012 Mz, 14 86
1, ooo or more amployees, 422 73 567 . 72 34

Sources Natfonal Seiénce Foundation
1/25/78

NOTE: Since d1f"fer‘ent compames compmse the, speczﬁc size classes in
each year, the data by sizel of company may not ‘be entirely comparable.
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24.

%Percent of Tota1 Cbmpa v RRD
1970 - 1973 '

o al

170 43
w71 - o
w1972 Bl ' 4.0::

1973 e 3.8
‘1974 ;
ax en 1975 oo 3.6:. _ g
éqg- 1976 ok, 3.8 . - wgl

1977(est) - 3.4:5

o s 1978(est) s 3.3

ekl

Source: Nat1ona1 Sc1ence Foundat1on
oA 1/25/78 .
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N
(%)

Share 5f Federal: Bas1c Reseatch- Performed By Industfy / by! Ma
Support Agency, with Percgqt Changg, FY'1971 & FY 1976

. - ' .- Funding .
. Share of Total - -~ Percent Change ™ "'
= L7 D 1 7
NASA X I R a3
" ERDA 6 28 . Cen.  HE5
D0 . _ 19 - 21 Y
HNSF:.. o - | 5 . ol +700
OTHERS ., . - 2 3 ' e o 45D

ﬁj Includes federalily funded research & deve1opment centers (FFRDC s)
adninistered by this sector.

' ¢ ey
:
. :

Source: fFedeéral Funds:surveys, NSF
qyy MEBITR

salowel &0
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sources. of venture capital, -its success will not be judged .solely by......
veference to jits balance sheet.. . It's aim.ie to continue to,create new

‘business opportuniries in. the U, K . from: the research work snd ;inventiens. .

avalleble .tg it, with increased epployment prospects . and foredgn CURLERCY..: ...’
earnings. from exports or. license incope. The total NRDC investment in.both-
private and. institutionsl. support. is. not large;. the rationzle.ls rhat: .-

« The. cost.of most of. the ciyil development work in.
thia country will continue to be met out of

- dndustry's own resoutces. but.there may be cases . Yo clivy iz
_where individual firms are unable to undertzoke, )

. entirely at. thelr, own expense, the development;of = uov -.i:io
potentially valuable projects. 1In the export

~.fileld. the need for the United. Kingdom. to develop . .: .. o o
and market technically advanced products against
strong- international ccmpetition .puts a. heavy C B ey
development purden on much of the country's manu-

. factuiing industry. -In such circumstances there: - .. ;:

may be merit in a collaboration between industry

... and NRDC. .

R R R S S
It ig & natural consequence of the. Corporation's
statutory functions that it is prepared to undér—
.- take projects.whexre the degree of risk is. greater. [P L E e
than that which a comercial undertaking would
regard. as justified. ¥ e
. 'Having operated.at.a-deficit for itp first.27 years, the Corporation:for: ..
the first time.in 197576 was able. to.carry.forwvard a net .surplus.- The: . T
“total investzent in external R&D support over that pariod (1949-76) was "
k&
48.2 million pounds.sterling (about$87.4K at current exchange.rates)..:
In 1977 alone. it is estimated that the. gross.amount of new:industrial.~i: .
production which the NRDC helped. to. generate was 100-milldon :pounds .-

sterling ($181.25M), with a ten year accumulated total of 600 million

r e TR R S I LT e el s
National Research Development Corporation: &n Introduction (NRDC,
London, Qctober 1970},

27!:!1 Annpual Report and Statement of Accounts 1975-76 (London, Englnnd‘
NRDC, 1976).
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‘Although generalizations are perilous, “fhe - case “of a r.ompany

thet had a-joint venture with ‘its one-time U.§. '1mporting agent during
the first few years in which it manufactured in'the U.S. seems typi—-
cal. Prior to developing ‘its 'own farketing ‘competence ‘unider’ fts
own ownership umbrella, this subsididry was: effectively cut off
from new develepments in its marketplace and was hot ‘gblé'to

get Informatiom about new applications for the particular” product
it produced. ‘After buying out its partuer's sales network, it
was able to reintegrate thé marketing awd R&D ‘functions in’ the
U,.8., and went . from rather dismdl ‘failure to- quite considerable S
success over the subsequent five years. . R

Acquisition seems to provide the quickest way fo learn U.S..
technology -and marketing :skills that are new:to.a European: group.

_ This was a key. .reason for Plessey's acquisition-of the U.§.

" company -Alloys -Unlimited. : The acquisition by a Europeanioil: g
company of & small U.5. xefinery -had & similar motivation = buL this
time for purposes .of learning marketing skilils rather than techno-.
logical skills. The European firm's executives remarked that they: ...
felt, in order to be .& viable ‘worldwide petroleur company, they s
had to learn marketing in the market where most of their major .-
competitors .came from. . .The company did not:feel that.dits marketing
was strong encugh to enter the U.S. first by setting up an explora- -

" tion company and then gradually working fts way ‘into competition © - -
in refining and distribut ion with other U S. petroleum companies. Ced

A pharmaceutlcal company, wh!.ch originally entered the U, S.
shortly after World War II by forming its own subsidiary, noted::
that it had recently. taken. over 100% of ‘2 U.S. hospital supply
compeny. The company indicated. that as far: as. pogsible it preferred :
to aveid acqulsitions "and the digesticn problens that acquisiticns
usually cause,” but that in, this particular case 1t felt that the. -
pharmaceutical business was changing- sc rapidly that it _tould not B
take the.time to. learti medical electronice, and hospital servicing !
without mald.ng such an acquisition. e .

One experiment dgsigned -t:q_'_addrjess 'thé'_ problem df ‘i:_e{éhr‘\blog'ica]_._‘l

and insufficiency of funds 18 the National Research Devélopment Corpofaticn

(NRDC} in the United Kingdom,. This is an_independent public, cq;phga;ioﬁ_én )

" financed by governmenr. _16a.r_\ls; ejst;}:_]..:l.:éheé 1n1948undt?rthe 'De,\‘r‘élo?m_éni:'-
Inventions Act ‘whe"re'by"ﬁew"lii‘gl;\ ¥1al’ R&D ventuzés can be funded. ™ The o
fields covered are the biosciences, industrial chemistry, scientific equip-

‘ment, .mechanicai engineering, production engineering, electrical.engin—

eeiing, electronics, computers and automation. NRDC aesists the advance

52
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Being fuside the fast-changiug sad compecitive U.B. . -
narket brings two advantages. . First, nmew developments can be’
transnitted more’rapidly ‘to the:European perent company,.s0 - A
that it can compete with U.5.-based and other TCuropean firms as:: 2.
new products and methods are introduced in Eurcpe. Second, a
corporate lead in high—income, labor-saving preducts in the R
U.S. prepares a Eurcpean firm for competitive battles in Europe.
a8 European markets take on "U.S$." characteristies.

A pood many Europesn manapers admit the need to Tearn-by-doing
“4in the U.5. in order tc face what U.S.. companies {er more daring
or lucky European competitérs with U.S. operaticns) might ‘employ
on the European market in future. :

Olivetti is one company that hae not hidden its desire
to learn from U.5. marketing and technoiogy. Plessey %s another
European group. that has publicly stated its desire to leern from
U.5. practice. In its propesal to shareholders for the acquisi—
~tien of the U.S. firm Alloys Unlimited Plessey stated that’ the'

acquisition would ailow it to “acquire immediate}y a number ‘of -
products and know-how which are important to our successful co
development." Plessey 8 deputy chairman notes that it "would be'™ -~
uneconomic £or us or ‘any’ other European manufacturet to’ 1eern ’

(on his owm) the skills evident in the A oys nrganization.

A similar rationale underlies parc of Unjlever g long-
standing interest in U.S. operationrs. And managers.of one European
petroleum company commented that "in order to be really successful
in Europe and elsewhere, we have to-compete ‘Inithe ‘market whera . .n:"
the greatest petroleum marketing .advances are being made.: We .-
have -to compete in-the:U.S. by direct ‘investment .operations because
the quota system preventa us - from simply exporting to the States »

n all nearly 501 of the European company managers B
interviewed in this study ‘emphasized the importance of beingiin::
the U.5. in order to."feed bank" techniunl or. marketing skillu -
to the mother company s .. T i wa

In one of the most notable cages of a significant producﬁ”
breakthrough by a Europeaq flim in i¢s U.8. subsidlary - Sandvik
. Steel's development of ' throwaway carbide cutting edges - perhaps
.the most significant.factor was the fact tbat the Sandvik group's
development director at headquarters had himself worked for tuo
years In the U.5. and was receptive to new product improvements. |
He was able to convince group management of. the usefulness of
transferring thie innovation from the U.S. to European operat*cna.
A development team from headquarters wis sent to the U.S, o '
work with the U,5. R&D group and Further.develop the hew product,
These improvements have accounted for a great deal of Sandvik's
Ampreasive . prowth. during Lhe dast decade and now account, fo: Ro.
less thau 40% ‘of the group's worldwide sales..... .. U

50
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©In-‘the past (since 1925) the ‘United States has .contrd- .. ..~
buted most of the significant technologlcal advances
+i4n the field. - Although 22% of the ideas .for ‘advances ” . ;o -
originated in Europe, less than 5% were implemented by
'~ European countries first. --Clearly,.the U, 5. & very +u in
efficient at taking a working pretotype and incorpoyr-
©Layt ating it inte ‘am-actwal flylng compenent:for military.- . -7 i 1:
© and commercial use. It i3 in making the transition
‘.from a model 'to-a-successful dn-servicé system that ~ - 7iiasind
the U. 5. ia particularly capable.

In order for a country to adapt & technology developed elsewhere, the

Process of technology transfer is of infinite iwporCance. It is a

well-known fect that the acceptance, production and utilization of an adn‘ '4
vancement is often delayed for 1ong periods of time after the initial

) development of that advancement. The effects of the U. S. ability 1apidly

: to apply these technical advances has contributed eignificantly to increaeee

"in performance capability of U S. aircraft. In the past thie has resulted

in an increaeingly advantageous market position for the United States.

The cencellations of both the SST and B-l efforts have conrrjbuted to

an erosion of our previous position. Thc recent sale of the Frenck A—SDO'
(AIRBUS) to Eastern Airlines indicates that Lhe American aircraft industry

may be on the verge of 1osing its monopnly here in the States iu the medium

haul aircraft erea.

: U S. aeraspace firms are forming joint ventures with
forelgn countriesy.- Boeing will join with Japan ‘on a $600 - -
nillioen venture to build a small (150-200 passenger) wide-
bodied, low-noise, short takeoff girbus for use on domestic.. -

. Japanese routes.- The General Electric, Co. has joined:
forces with SNECHMA, - oumed by the. French government 0. . |
produce the CFM ‘56 atrcraft engine ‘for use in STOL .- aircreft.
Pratt & Whitney will join foreces with a German consortium,
MT¥, and an Italian group formed' by Filat and Alfa Romed:to
produce the JTIOD, a,competitive engine. These engines will

,,compete to power “the next’ generation of commercial aircraft.
‘ roplacing the Boeing 727 and 737, and the Mcbonnell~ ouglas o

48
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8. Problem Summary.

Let us: examine the problem. from a;differ;anti-atnndpoint.-— what are
the effects of the lack of adequate funding?  Several:-examples.and some.:- .. -
guetatione :from-competitive nations may help ‘to:place in- proper focus the .- -
more Iimportant agpects.of:the subject, -
Some consequences . of .the-lack of available 'rasear;:h, funds within the -
Y. 8, will serve as typical case-studies. The first of these involved
Dr. Amdahl, a computer research seientist who worked for IBM, having design
respongliblliities for IEBM models 704, 702 and 7030, and who managed the
architectural planning of IBM System 360. Amdahl left IEM in order to
pursue a proposed degign of a fu_ture large scale syatem, which would have
involved a radical change from IBM's then "present generation’.' computers,
Since Dr. Amdahl believed he had a technological fdea wht-:se time had
come, he established his own firm in 1970 and when sufficient financing was
-no: available from American firms, or venture eapital sources, he proceeded
to negotiate financing from a Japanese Company, Pujitsu, which now owns
';’BZ of the stock. Some domestic support was provided by a Chicago buinesé
development firm, Heilzer Corporation, which owns 23%. The Board bf birec~
ﬁors controls 8%. First revenues were recorded in late 1%75 for the
470 V/6 computer -which competes with the larger, faster IBM System 370's,
By 1977, Amdahi announced a net income after texes of $2? million, on a
turnover of $189 million — a better profit rate than that showm by the

x
'1nduatry as o whole. Tha need for foreign financing effectively transferred

"Burope 8 Chance of a Computer Revolution”, Business Intemationa , he.
Economist, April 22, 1979, pp. 105, 106. N
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companies begin to establiph:overseas opsrations...Thias is shown in

Figure 12 which shows the number of fims who eatabliahed cVerseas opera-—
ticons. Neote that l:hia number moved very zapidly from approximately 15 or

20 in 1966, to almst 100 :Ln 1971. Furthet ‘we’ can examine the actual in~
vestment in overseas assembly fac:i.litiea by the game- semi-conductor industzy.

‘the total who

In ¥igure 13 we see the nupl_:vgr pfr fim [ a"'g'p.ercgngag_alq'

‘established overseds assembly facilities. Starting in 1963 “a very rapid
development begen of new overaeas aéﬁéﬁ;ﬁi}‘:‘;iaﬁts by the Bemi—c_ondut_:tor

«  Thus, most

industry, which reached a lével of approximately 802 :I.n l '7'2'

. tn the positive s:l.de, the eatablishment o ;werseas production facilities

has in several cases preempted :he estahlistunent of Jspanese semi-condector

seni-conductor 1ndustry a-local- sales advantage. A second positive effect

- ruulting £rom one: of t:he proba‘ble primary Teasons for the overgseas

movenent, the availability of a 1arge. sem:f.-—akilled labor orce -~ was the

BES

containment of total costs, resultiﬂs 1n con&umer prices lower than

FEIRRTaR

could be achleved uith ¥, S. production.
‘On the other side of the ledger, we must note the loss of empioyment
.';ﬁ;ﬁog:ﬁnities ‘here in the U. §. (at 'least. 1& the short fﬁn) and the .los.a.nf.
lnational income {in the longer run)} due to: . .
B dive:s%qn of ;profits and tax income, and -& AR

t. establishment of potential competitive capability
- {through the transfer of the technology).
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Contribution in"Billions of =
Current Dellars

960 “agss Y 1Te T IgTa

High iechnology ranufactured gooOSer=rmrm= +

6.6 +9.1 49,6 T +8.3°
Agricultural products. +1.0 +2.1 . +L.5 +1.9
Low technology menufactured goodsiceio—— —0.9 2.9 6.2 -8.3
Row materjals——————r——ro o w17 2,8 =25 b1

Table 3. ° Contribation to fhe U5, Balance of Payments by Industria1
. -Segments : * EE :
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trade balance. The significance of this cloeing of the gap confirms ‘the:._:.j
data in Horn's article, and indicates thar we will shortly be facg_c_l w-..L::h a‘.
competitor who is technologically on a par with t‘he""lini'ted_.State.s". L

Thie raises the question of where are spec.ific U. 5. industxiea in
relation to high technology development or thel generation of high tecpnolqu
products? : -

As previously noted, because of the afea of interest of the IEEEi, we
are restricting our exemination to three major eegments of the U, S. indus—. ‘
trial base in which we cﬁ;‘rently maintain a4 lead, These are electro:;'ica:-':
and slectrical equ:_{.pmran: in general, the computar field apecifically_,j as
‘well as the a:lz'-cr..aft industry, '

In- the broadest sense we wust examine the inputs £c-the high technology
segment ‘of industry. by 1001-:1113 ‘at the research snd devalopment expenditures
a8 & percentage of the GNP {Bee Figure 10) as well as the pumber of scien-

" tists and engineers employed in the research and development areas, which
is portrayed in Figure 11. Note that both of these Figures include the

area of defenae-relateri ReD, and“this fatt must be borae in mind’ 4n their
interpretation. Half the total government outlay for R&D in the U. 5. is
related to defgnse, whereas the comparable figures for FRG and Japan are

1% snd ZZ reapectively Iht_-‘...come:;cial emphaeis in both Japsn and Germany'

is psying off ._ 'I:he'e countriea‘have 1ed a hug :I.ncr‘

foreign ;nvent_iorrxsﬂbleing patented in the U. S.." and by the adéttton of

Technology Assessment and Forecast, 7th Report (Washington, D. C,: U, S.
Department of Commerce Patent and Trademark Office, March 1977),
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that it can assume values between + 100 and -100, High positive values ..~
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of" calculatjon the reader “is referred l:o' - TORG e

Horm, Ernst—Jurgen. "Int:ematianal Trade and Tedhnblogléal, InnLva\‘.:iun.
Thé German Position Vig=a~Vig~ Other” Dcveloped Matket Fconomies", in

Karl A Stfdécman -} Innevation, Ecenomic Charze and Technolngy )

Folicics, Bonn, Gérmany, 19?6 page 144 et seq. R s
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goods, wa see in Figure 6 that the United States' position in the world
market has improved only slowly during the past five years. The _pps_i_tion
of the Federal Republic of Germany has remained relatively stable ?ov;;' this
total pericd. On the other hand the Japanese have increased 1:Ii':e:l.::j po;;tion
of this export market from 6.57 in 1960 to 15% 1n 1978. Thgnateady

:lncrease in Japan's export of manufact:ured products :ls significant and

appeara to be far more important than the previous penetration by Japan of

the total export market.‘ ‘In par:icula__);,_ .J_apgn a _;arqﬁ_wtion of consumer !
electronics has increased by a factor of five aver iﬁe.;sa‘ﬁluiﬂ years, and
6_2: of the 1976 output was exported (%4.8 billion),* 30% to the u,‘j g4 i
Data become more difficult to o'btain vhen we focus upnn high technology
nnd its impact upon exports and world trade. As shown in F:Lgure 7 t:his
is the only area in which the U 5. has not only maintained but 1ncreased
ite tra_d.e 'bala.nce. A recent symposium onk "Inuovation, Economic Change
and Technology Policies" provides some insights in this area, Thie sympo-
pfum, spensored in part by the National Bureau of Standards, contains
Beversl presentaticns which provide some .insights into the problem-and
possible solutions to that problem. Of particular ‘note 18 & paper
presented by Ernst-Jurgen Horn (pages 129-147), which was cited earlier.
Horn has'de\ieloped a measure of the significence of high technology

products upon the international competitiveness of nations. This measure,

3
"Japan's New Electronice CGeoodies", Business Brief, The Economist,
April 22, 1978, pp. B4, 85, .

Stroetmann, Karl A. {Ed.} Innovation, Economic Change and Technology
Policies (Bonn, Germany, 1976).

26




926

from 3.3%7 GNP to 2 6%, and by 1976 .wag. down e 2 22. The U. 8, figure also
includes about 502 for defense—related RED, whirﬁ has lim:Lted “spill-ovet
to the commercial séctor,

Gross expeuﬁiture on research and development (as a percentage of GNF)

and gross research and development expenditure per capita alsec ccrrelate

highl;r__&with J-relative market share forx research intensive products

we :'anh userresearch and development expenditures as a rough measurelof
'perﬁqrmam;'_é in trade in research intensive producta. In general, such
R

etuéies a8 Horn's have shown research and development activity to bé,-the

nt determinant of the atructural pattern of international
éompetitivé;gess. The influernce of the te_search and development va‘r:;iable
in the U. §. appeared to be even strouger than in the case of GE.:I:’;';I:IIEI!}’, with
which it was cv.n:wpeu:er."u.’h :

At the broadé;t‘_ifevel the relative position of the U, S in the world
export market between 1960 and 1976 ie ghown iIn Fl;_tgufce:'s. During this
period we can see that, in roun;l teﬁ?‘éi the U S.. ghare haa dropped from
18% 4in 1960 to 12% in 1976, ﬁhile’.‘._that uf'_thng_et"léfal Republic of Germany
has moved slightly upward from 1L0Z to 11% of the total world merket. On
the other hand we find that the Jspanese have {mproved thelr position from

- 4% of the total market in 1960 to 7.5% in 1976, approximately deubling
their total eprrt share.

This figure fncludes not only products based upon high technology and
mature technology but also the exporting of raw materials, ete. 1t is

ugeful only for presenting a broad overview. Focusing upon manufactured

n )
U. 8. Tariff Commission figuresd, and Horn, Ernst-Jurgen, op. eit. . "
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7. The Cu CurrentU S Stetua

'l'here is no etanderd equation nor eet of tables that can be employed
to detemine our current achievemente in the epplicetion of technology to )
improving either l:ho national well—being or the U S position in the e»:port

trade arena Fu.rther, and px:oba‘bly of even greeter importance, statistics o

that could .be app].ied Lo examine thia queat:l.nn are scattered and in some s -
caees lmperfect. However, we can begin to: develop s feeling and in soue, .
cases gain both insights and :Lndications by examining the information and
data that are available. According to the ptoduct cycle hypothasis dis-
cusaed :Ln Section By innovative activit:.es of countriea depend on per capita
1ﬂcome as o measure of the Btage of the country in the development process -
A study of 19 OECD member countr:!.es showed 8 Big'nificant correlation
between expenditure on résearch and development a8 & percentage of GNP and
per capita income. (At the level of the corporation, Hansfield has
demonstrated that a high level of research and development expenditure
ieede to increased productivity, and thence to improved gross prefits,
which permits and again tends to increase research and development funds.
This relationship is depicted in Figure 4.) In response to this percelved
relationshlp, both the U. 5. and Y. K. since 1943 have conslstently spent
over 2% of GNP on R&D.m"t However, Germen expenditures increazed from

1.4% of GNP in 1963 to 2,1% iIn 197), whereas U. 5, expenditure dropped

*
Horn. Ermst-~Jurgen, op.clit.

H.ansfield -E., -"Research.and Bevelopment and -Economic Growth/l’roducti, i
vity™, National Science Foundation Colloquium (Washington. D,
1971) N e P

"The Science Ol.y'mpice . loc. cit.

%k

22
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6. . The United States Posture. ..-..: . - - .. LI e T e i et

-Whatever the relative economlc advantages and disedvantapes, it appears ' :
to be the consensus of both government and industry. opinlon: that the U. 8.

should strive to.retain techmological leadership; and both interests are

concerned that the Y. S. ds unduly eroding its.position by exporting oz

.technOJ.ogy without ‘adequate safeguards/recompense. .The concg;n_of_ govern- ...
wmental policy-makers is manifested by. such meetinge as this present hearing,. -
under the jodnt auspices rof the Senate Science, Techknelegy and Space Subw-
committee and the International’ Finance_ Subcommietee, Other aspecta of -
the problem are belng t‘examined by a. Housze S_ubcomittee,' the Congressional
Office of Taéhnology Asgessﬁent, the National Securlty Councll, the Offige
of Sclence and Technology Policy, the International Trade Commission, the
Naticnal Science Feundation, snd the departwents of State, TDefense, Treéﬂury,.
Commerce and Labor. In view of the wldespread inf:erest, we are hopéfui
that the outcome will be a systematic program designed to estzblish U. 8.
priorities and to define a responsive épproach for achieving identified
\ objectives.
Industrial representatives are also very much aware that a.review of
our policies and practices regarding the creation end transfer of high
technology ie an urgent requirement. Foreign products incorporating tech~
. nology scquired from the U, S, are beating out American productions in .

" markets around the world =~ including the U, S§. itself. Because of-this,

.U, $. manufacturers are harves'tins- too little of the return from their own
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of new technologiea, e.g. in R&D; and dn the produc—
tion of goods during the early phases of the cycle.
.-0n the .one -hand, these countries:are ralatively:
gbundantly endowed with skilled menpower which ie
_intensively used in the above mentiloned-activities
snd whose availability determines whether these
activitlies can or camnot:take place. -Furthermore,-
risk capital to finance R&D dctivities 15 rela-
tively abundant. Onr the other hand, a high per
capita jncome provides domestic markets capable
. of abporbing wew products, e.g. 0ew consumer .geods,
labour-saving household devices and new labour-—
saving investment goods. When products become
more mature, highly qualified manpower becomes less
critical and tke other factors. of production gain
influence in determining comparative advantage.
In the course of increasing maturation of products-.
or processes of production the comparative advan-:
tage shifte to less -advanced industrial countries . - -
‘which can .already handle the technology -in question ... 7.’
and are able to compete successfully with the:: :
innovating country because -they enjoy the advantage -
of lower wages.”  In the.late phases of the cycle i
when products are mature and standardized, comparar.
tive advantage shifts to the developipg cuuntries.

Even in the high. technology phase, there are advantagos in occupying

second place. in that the high riska and inevitabler"fa‘A steps will he
-;aken by the leader. A nation which can maintain a minimsl gap <~ can then
be prepared to buy the products of 1eading edge technology. but produce and
sall slightly less advanced ptoducta where the margins are 1ess, but ‘the

Volume is much grester. 1For example, Japan buys avionics and sells color

-television.

*Haitaﬁi;‘ ¥, :"Low Wages. Productive- Efficiency, and Comparative
axhdvantage” .  In:¥ kalos. Vol. 24 (1971)

. See for example v i el
Hufbauer. G.C., Synthetic Materials and the Theoty of International,
Trade’ (Cambridge. Mass. 1 Harvard University Presg,. 1966) i

and ) ‘
Vernon, Raymond (Ed ).ZBig Business and the State (Cambridge, ya
Harvard' Univeraity ‘Press, '1974) o ; NS

18
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The need to provide acceptable ‘techaical service requires that the . - -
‘locsl market supplier must understand ‘the-operacion -of the product, ite .. .o
virtues -and limitations, snd extends bey:;nd this .to require kn‘owiedge of .
the design and fabrication of the product:.as well-as.its mode of functioning:.-
such that one is a-ble to diagnose field difficulties and wake:the.requislte s o>
repairs or modifications. B AL SRR e © ek

The transf;ﬂ.r.-of ‘technolopy an& of dntellectual property 1s perhaps . . E
~accomplished most Teadily ~through the mobility:of:‘people. This process : .
occurs not only: through:hiring ‘practices:deliberately. deaigned :to.fa‘cquire A
advance tec.hnolog:[.cal information, but through the routine day-to-—day

-:mbility of the work force within and betwean companlea, industrigs .and

nationgd S onTe Ul e

It 18 of course undenisble that-technology.transfer is faciliteted by 7" "3

forelgn:assembly, foreign manufacture cf components, and conplete foreign st

" manufacture... Butit le-essential to:understand that the absence of thege

. may have other negative effects for the industry invelved; -dncluding both - v
the loss.of foreign:markets and. the creation-of .nevwr-sources of foreign
compet:l-:i.on,, -and ‘even.so0 .will not result.in protection oficthe basic

. technology, . .The dissemination . of technology.canrot be stopped: Cdtocew o

*k
only be controlled and -élowed:dowi. -~ ook cioloowls T owmEtowen T ome i

Steele, Lowell W., The Ecenomics .of International Techhology 'I‘rans"et, in..
Karl A.Stroetmann (Ed.) Innovation, Economic Chamfe “and Tec‘nnology o
Policies, Bonn, Germany, 1976. A e

How Technolopy Transfer Affects the Comﬁ:a.titivn Poaltion of l:he u
. the World Aviation Market (Arlingmn, Va. Forecasting I_ntemati
March:3," 1972)‘. RIS R s R ’

16
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However, the direct economic gains on the international sceme repulting

from the sale of technology-based products have been decliniugrapidly. Jn
the area of semi-conductor electronics, where U, S, .pprpo:.a.‘t‘;pnsr have made
neaxrly every technological breakthrough, the U. S. trade balance has been
negative sinece 1968, and now stands at minue .$.2 ‘bi_l:{L‘:lm}.,_&qe_:::\cz-lug!in_g;}gquv otie ;
category -- that of computers - in wh;qh__ the U. S, retains 8_fg}_rq_rable
balam:e.jlr Further comments _cor;cgrqing thig_ pa_rt:l._cular:‘r.:i_.tuarti_!.pn wiil A\?g
,mdg bglo_w,-in section 6 ) A.n OECD_ :_:epo:l:_r:_“ cites the computer 1ndp§,tryf a8
one of qnl; _t_hree areas in which L_'he,_ U. 5: retains i‘ts tec}_\pq]_.qé_it_:g.‘_r? ]!,gad‘:,_:_ o
in terms of net export qlf the technology base. (The other two sre serospace
and: heavy electronics.) . :

. Other studiees have confirmed tnat the compet:l"!.ve st*ength of U. 5. o
mnufacturing industries in wnrld markets :I.s closely correlated with the o
pe:fomance 1n technological :!.t'.mcn.ra\l::l.t:nc:.".'_"f’.r Howeve.x with regard to parti-
cular products, technological leads onl}r tempcrrarily provide comparative N
&dvantages, for the duration of the Bo-called imitation lag.****

. In the following section, therefore, we will Examine th(; characteristicl .
of technology 41;(1 'J.;g evqlltqpiorf, to a_:;_a:i,s: j._p_.detel:mit_l_‘:ll.ng an op_t:@mg;n policy
in c_gontrollit}g gl}{!/o; c_apitja}_{..zing upon :l.t_;:s;_de\‘(_elc‘:;pment s ap_g;ice_}t.i.on __gnd:ﬂ

-disgenination. = . P o

Boretsky, Hichael U. S. Department of Commerce “as quur:ed in Fnrtune, T
May 22, 1978, p.: 108 [T Gt L e

Gags in Technology, Brganization for Economic Cunperation and Develop-—
mem:. 1970, . . B

See for example. .Vemnn. R.,, 'Intemational '-Inues_tmer_tt a‘nd-‘I,t_'\r.emat; _qﬂal
Trade:in the Product -Cycle™...Fn:: Quarterly Journal of Economics,.
Vol. 80 (1966); Keesing, D. B., "The Impact of Research.and Development
on United States Trade'. In: Journal of Political Ecomomy, Vol. 75
(1987) ; "Baldwin, R. E., "Determinants of the Commodity ‘Structire of

U 2By Trada". Jn:: American Economic Review,.Vol,- 63 (1971},

Posner. H, V., . "International ‘Trade and’ Technica.l Change".’
Economic Pa ets, Vol 13 (1961) -

12,
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cnuntries. In the four high technology industries, aerospace, heavy -elec-

tronica (mcluding computers), chemicals spnd pharmeceuticels, the two

eresas: where we lead are aercspace and 'ele::r.ronics, where significant

amounits uf‘monies are funneled through government apgencies by the Deparr.—

menf. of Defense, NASA, HEW, Department of Energy, etc. 1In the othar two

industries, chemistry and phamaceuticaJs, since they are. mature Lechno—

logi.cal industries the bulk of their money comes from intemal corpotate

funds or the stock marke.t. '.T.'h:Le prov:l.des some 1ndication that when the

goveriment - funnela R&D money to private firms (as in’ Llect

Shics and’ Aero-

apace}, the industry prospers and we have a techn_o:l.-og—ical ledd, -

10
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relationships between repearch, technology, and economic- growth, end azsist -
in the definition of “tha appropriate role 'of Govermment.in Improving the

internationdl -technolopical and economic:standing of the United States. .
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R&D investments can be incressed by direct govern-.-: .

ment_funding of long-range mission-oriented
Teseéarch, and by tax policies difected toward the
encouragement of private-sector support. The many .
other "obstacies to the malntenance &f U, §. leader-

... -ship are addreased at length in the body of this

i

1.

. leyel.

9.

document .,

‘Foreigh investment in U, §. fifms) while idereasing
. rapidly, ig 8t present ouly & minor factor in the

erosion of our techroldgicallead.” The fesulting:
transfer of technology need not be harmful 4f we
ourselves act promptly and’ pnaitively to capture
and protect potential markets, However the oxtent
of such investment needs to be monitored and if o
nece ary, controlled by 8 oentral authority.: '

-Again, U, 8, exports of technology and high technology

products are not necessarily detrimental to’our inter—
national stature. A two-way flow, and a_coherent.
national policy, are essential to our well»beirg.

On the other hand, it should be noted that our soelety
is becoming service/information oriented. The sale

- of knowledee must be plnced on & business S

basie,

Licensing and 16int ventires abroad can be beneficial
to the U, 8. If we can maintaein the two-way flow of

. technological innovation, Potential exports are. belng

YoBt due.to”the ekport. of techmology, but this need
not be the case with careful planning at the national

_;.,..,

Y reconnendations fot improving export pe:formance
in high technology goods and Bervicel are’ glven &t the
“end. of thie document, "It is our contention that this

needs to be considered a8 an intrinsic compotient of a
total technology policy which recognizes the need for
balance and . nagotiation at an international 1evel.
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“The GAD effort to mtro«iuce an 1mproved classmcatmn structure for the Fed-_
eral R&D budget i

“Aspartof a planned GAO study oni the Impact of various Federal policies on'f
industrial’ camtal formatwn we wﬂl review the ‘interrelations among Federal
R&D ‘activity, private R&D actlvlty, and mdustrlal capltal formatlon This study:
will consider. the direct impact of Fedetal tax, patent, and’ regul&tory policies’
On pnvate R&ED expendltures In addition, the impact of various- Federal poli-
cies on the business env1ronment and the effect of this envuonment onl industrial
R&D expéndituTes’ will” be mvestigated ‘Moére specifically; we: ‘will*analyze the:
effects of Federal regulatory ‘and economie stabilization' poh(ues on how busmess-:‘
men’ percewe the nskmess ‘of their enwronment and how changes 1n-‘-th_ese per-
cepiions ‘affect the-level dnd alloeatmn ‘of ‘their R&D" ‘expenditures; -

We also 'plan-fg ‘analyze’ the' ‘impaetof the level -and compOSItmn ‘of- Federal‘
- R&D¥ expenditures- on: industrial ' R&D expenditures’ apd’ industrial capital forma-
tion, ‘In- th1s effort; ‘we ‘will attempt to develop more effectwe methods for alIo-“
catlng Federai R&D expendltures N '
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States, our principal foreign competitors have well-developed government-directed
programs and special institutional structures for overecoming barriers to diffusion
of existing manufacturing technology dand for’ advancmg the state-of- the-art
through coordinated research and development programs.

Tn addition to improving traditional manufacturing methods, compufers and
numerically ' controlled machines are changing both the management and the
englneermg technology of manufacturing. There are indications that manufactur-
ing methods are about to change—not incrementally but radically. The changes’
are already taking place in other countries where the productivity-improving in-
stitutions and mechanisms were created to recover from the adverse effects of
Wﬂr

“Such institutions exploit, develop, and diffnsé the new computer- integrated:
maniifaciuring systems and are well-designed to continue development of ‘their
nations’ manufacturing productive capablhtles faster than that of the United
States. Their success is evidenced by their inereasing share of the 1nternat1ona1,
. miarkets—in some cases at the expense. of our own manufacturers. .

Bui our principal concern ig for the future. Short-term benefits are possﬂale
“through improved diffusion of the available technology. For long-term sustamed"
productivity increases, R&D is necessary.to find new methods and to refine exist-
ing technology .so that it can be eeonomzcally used outside the few highly capi-.
talized, high -technology firms. .

‘In the most suceessful foreign countrles both programs .and ‘institutional
models have involved joint public and prwate efforts. The United States has no
- comparable national program, although several Federal agencies are interested.

in this subject. A new organization has been created which could provide the

eentral focus and leadership. This agency is the National Center for Produetlwtyi
and Quality of Working Life, established by the Gongress in November 1975. '

:'We have recommended that the Center take the lead in developing a natlonal
pohcy and approprlate meansg for achieving balanced productivity growth in the
industrial manufacturing base. Further, we propose that the Center, in carrying
out.this recommendation, seek the cooperation and assistance of the Departmeént
of Commerce and other agencieg. The expertise within the Department of Com-
merce, particularly in the National Burean of Standards and the Natmnal

Technleal Information . Service, would allow that Department to.play a major

role in providing technological leadership and support.

. The combination of expertise of-the Center and of the Department of Commerce

and their close coordination with other public and private orgamz.atlons éan

prov1de the much-needed foeal point to coordinate all the disparate Government
and private work in developmg, ‘standardizing, and diffusing manufacturmg
" technology, and assist the emerging State and regional prodnetivity organiza-
tions to advance manufacturing technology.
.- A number of specific functions should be embraced by this central focus and
leadershm Three of the major ones are:

- Colleet and evaluate manufacturing: technology 1nf_0rmat10n fI‘Om all avallable
sources and establish means for dlssemlnatmg gtate of: the art knowledge to
potential users. . L

Foster the development and acqmsmon of new technology in vanous ways.

‘Analyze public poliey options and-formulate -recommendations that will im-
: prove Government 1ndust1y cooperanon in stimulating produetiwty 1mpr0vement

" WHAT CAN 'WE po?

What can we do to improve the climate for Government-mdustrv cooperatmn"
I have no panhacea to alleviate the attitudinal constraints that continue to retard
the development of a more constructive partnership between Government and
industry, It. behooves all of us—individually and gollectively—to ‘make €£x-
traordinary effortv. to achieve better communication and mutual uuderstandmg of
.our respeetive. needs and- interrelated goals in the context of our total regpon-
sibilities and obligations.
.:Continued studies. and publication, of resultmg reports clamfvmg the issues
nd alternatives should help improve nnderqtandmg An e lent example is
‘the July,.9. 1075, report by: Robert Gllptn, “'I‘echnology iEcOnomlc ‘Growth, and
International Oompetltlveness " report prepared for use by the Subcommlttee on
‘Economie Growth of the Joint Feonomic Comraittee. Another good exampleis the
1973 report, “Barriers to Innovatmn in Industry Opportunities for Public Policy
Changes,” based on stiidy sponsored by the National Science Foundation and

anfarmad ana a dnindk affant ho TnAdnatrial Daannnaly Trnafitndta nnd wnthyiwn Ty T 344D
performed as a joint effort by Industrial Research Institute and Arthur D, Litfle,
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be served when private industrial contractors, with a few provisos, are granted
exclugive licenses for commercial development.

‘When developmg and marketing commercial produets, industry naturall);r pre-
fers to exercise its own discretion mdependent of any Government asgistance or
influence unless it needs help to deal with serious threats from foreign competi-
tion or another domestic enterprise which it believes is exercising unfair compe-
tition, Industry is particularly concerned about the constraints of Government
regulations which tend to divert capital from .innovative R&D to R&D and
other investments necessary to comply with regulatory requirements. Further-
more, some multi-national corporations may not -be inclined to share strategic
information with the Government.and fo plan and conduct their business in such
a manner as.to assure harmony with the mternatlonal dbjectives of the Umted
States

. As a final attltudmal coneern, there are many in both Government and industry

Who are unwilling .to assume reésponsibility for what otheérs wonld judge fo be
reasonable and necessary risks for investment in exploratory reséarch and devel-
opment when the payoff is uncertaln in terms.of time or econgmic return,
- Many fietors have been identified as real or tangible constraints that tend to.
cause a decline in technology ihnovation, Among these are the uncertainty of the
economy, (he high cost of capital, and the slowdown during the last few years in
Federal spending for research and development.

The myriad of regulationg established by both Federal and State governments
affect the cost of doing husiness and may involve conflicting requirements im-
posed by différent agencies. For example, in Federal proeuremenf; of conventional”
commercial products, the public would he served better in many ¢ages by best:
buy competition based on sliperior or innovative performance and life-cyele costs,
rather than by the prevalent procurement practice which tends to favor the low-
est bidder who offers products meeting acceptable quahty or mlmmal specifica-
tmns )

In the Jarger sense, criticism is levied that the Government has not establishied
-4 . congistent natmnal policy and strategy for Government—mdustry relations to
balance incentives and eonstraints and assure a favorable climate for techuology
innovation by private enterprise. This contrasts sharply with other nations,
notably Japan and West Gerinany, that have policies and specml institutichal
arrangements to foster inidustrial technology- mnovatlon and 1mproved manu~
facturing productlwty

Part of this issue is the question of whether our antltrust laws, estabhshed
primarily on a domestic basis, need to be reexamined in an economy which is be-
eoming increasingly world interdependent in market relationships and .compe-
tition. This question ig highlighted by the increasing number and size. of mplti-
national corporations and the fact that foreign. corporatlons are growing faster
than U.B. corporations. o

- Most of the-other. mdustmahzed natmns ‘have! developed closer relahonshlps

" between government and, the pnvate sector on capital formation and R&D dn'ected
to the private economy. This is.an area in which we perhaps should explore new

- perspectives for Government prlvate sector mteraetmn within the framework of

. American Institutions,:

-Improved productivity and advanees in science and technology cannot take
place separately from other aspects of national policy ; advances made in the
laboratory and on the testing gromnds require adequate financial support ob-

_ vionusly. However, thegse advances can be similarly flawed if such support does
not go hand-in-hand with policies developed which will make it possible to use
and develop these innovations, The Internal Revenue Service, Securities and Bx-
change Commisgion, Justice Department, and Department of Commerce all must
play a part, Too frequently, these organizations go their individual ways for

" their- own reazsons and possibly for even socially desirable purposes. This does
not mean, however, that their actions will coincide with adeguate accounting

ag to their impact and consequences for risk-taking and technological innovation.
== There is currently no procedure for ‘measuring the effect of these Government’
decisions on science and technology. Thus, industrial risk-takers lean toward ">
hedging and zero-risk decisions. Innovation under these conditions can be, at
best, incremental. Hopefully, the new Office of Science and Technology Policy
will recognize that innovation must come as the result of fotal Government
policy—not the more frequently narrowly construed concept of science and
technology.
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174cConnell and Peterson, "Reséarch-and Devplupment " These percentages
refer actualiy to ‘those firms responding™té the uuest10nna1re My Feel-

jng is that firms with formal R and D programs would be moré 1ikely to
respond If this is correct, the frue percentage-of smaill.firms.-engaging . -
in formal R and D would be lower than the-33 percent reported, but those
with informal R and D could be either higher or lower.

18Smith.and Creamer,. "R and.0,and Small Company," “frow comb1n:ng MQF and
Census data, found that on]y 4 percent of firms with Tess than 1,000 em- |
ployees had R and D programs conpared with about 57 percent for Firms
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with more than 5,000 emp?oyees Their ngures For fhc smallest ¢lass of R
firms are a]most certainly too Tow. Poss1b1y the conb1n1nq of RSF and:- " -
Census data fntroduced 1nc0ns1stency into the sample in the ‘Yowest size’, B
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expected value of 3 patent would be greater; reflecting greatér-immunity -
"patenting around."-:The courts-should not be. <> . - _.
called upon te so often make therdistinction between-weak and-strong
patents and between vizble and .ronviable patents:: Thiswwould require.a -
more caré%u1.cnmparison of .pending patént applications with-existiag.:
patents and, perhaps, a separation of inventions -into categories for sep-.
arate treatment on the basis.of.their importance as.i% Germany.%? These =
changes would require .a greater .Patent Of fice budget. as well 25 more-ex-.. -
perienced personnel.

from legal attack and from

Another approach might'bé_to aliow-suit for treble damages;in.patent in- -
fringement cases.. This: clearly would dincrease:the bargaining power-of :
“-patent holders.ands in-so far as smaller. firmsihave a comparative. advan- 00 -
tage in patenting,zvould- increase their bargaining positiom:

R

A final proposal for patent veform is consjderably:more radical. -~ This..i-
is that the patent system; and/or: the proposed diract award éystem,fdiSri«
criminate between: firms on’ the: basis:on size. "The patent-rights.of

smaller firms. could. be defined-more broadly andthe 1ife of’ its patents .
could be greater-:~”-'5= ¢

e -
i

Larger firms undovbtedly will react with indigration ‘to. proposals-alonge. '+ "
such lines:...-Yet they; have a considerable-appeal: even on thg basis of
equity. Mostigovernmental regulations-are disproportionately expensive - .
for smalter firms. . Except.for:possibilitiesrof notl-getting caught, there.;
are clear economies of-scale in‘dealing with ‘government regulations andgf,.~
bureaucracy. The.type.of change proposed vould -help.balance .the effect . :
of other vegulations.. Horeover; this country.haﬁ.a]ways pul 3 premium on.... 50,

smal]ness..JLargé concentration of .power in any-areas are:quite.rightiy ... == .
~mistrusted.  Policies calculated to. recognize.this set of values command.
a certain force of their own, '

.Firms oh the1r oun car effect reform.‘. 1rms themse]ves can, and do,' .

make purely 1nterna] arrangements that promote an eff1c1ent a11ocat1on uf o

R-and D by s1ze Re;earch units. can nttempt fo dup11cate t
tions assac1atﬂd W1th the.

se cGnd1- .

Iter f1rm that are most, prcductlve_ In fact
stock— -
holder position in re]at1ve]y sma]} flrWS heaued by.a h}qh1y creativn 1n-n !
ventor. Such an arrangem nt may create a betfer wurk atmosphele, but 1t '

Targer firms somet1mes fund research_‘fforts und have a

. :_i@QLm“wluv
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Presunably,.barriers.should be low-enough to present .threat of competi-.
tion, but high erough se. that immediate entry.would.,not eliminate. the,
rewards of invention.too quickly, .Such monopoly.power, would presumably
deterioratg;overntWE.in.aqcond with Squﬁe;grﬂs_nqpinn;of creative de-
struction.

Schumpeter';ﬁﬁhgsis:rcgarding.fir@:si;e,[as:djstinguiﬁhgd from mqqopo]y)_
was taken up hmeaIbréith:'. ‘ u ' '

S SR

“There ¥s no more pleasant fiction“than that:itechwicalichange is -the
product of the matchless ingendity of a snm!] man ferced by competition
.. to employ hisWits to better his reighbor:y: UnhapplTy, 5t s 4 fictions
. Technical deve1opment has 16ng-since become ‘the prederve.of sthe scien-=

tist and engineer: Most of the cheap and simple hive, ta put it biuntly im0

and unpersuasively,'heenlmédQQ-l.' Beeause deve]opment is costly, it

g Bt

fol}ows that tt can’ “he- carr1edﬁon on1y by a f:nn that has the resnurces

Galbraith's statement about the*dem1§é of cheaprdnd simple’ inventions is o &

reminjseentfdf‘the Tate nineteenth’ century patent commissdioner who're-=

signed on the grolnds- that all the important invéntisns hadibzen madey: &7 =3

Every year thiusands oF simple’and important invehtions are magéiby small 5o

firms or by ifdividuals:i: Penicillin, the Po1aroad camera and electro= ©
static duplicat1nc were .perhaps not’ 51mp1e inventions, or discoveries,.
but even these were the product of the single inventor orsmail firm.’
What Galbraith:js doing is confusing the inventive function with the
development. function,  Galbraith's confusion wouid result in a failure to

seek means .io combine more. effectively the dnventive e ficienrv‘nf the |

smaller firms with the davelopment efficiency of the leveer-firms. To

~this subjgct. we-noWw 1Urn... ...

- The direction in which solutions ¥ie can be seen by considering a‘per-
fectly efficient patent system, the absence of untertainty)'a perfect
capital market and sufficiently Jow transactions costs. [In this sitva- .
tion, one wculd find -an optimal allocation of R and D tasks among.fivms.
Activities 1Lad1ng ie 9r1g1na1 invention would tend to be concentrated
in smaller fmrms, and deve]upmﬂnta] ahilv1t1es viould be concentrated ar:“
mong mediun 5129 or jarger firms.. Smaller firms cqu]d sell or contract

original inventicns to larger firms in an efficient market satting.arng.. ...

the allocation. of vesources dévoted to the;variqus:nspects.qﬁiﬁ:aqd,D“__
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small firms, which is also & view held by Pavitt and Wald. In an exam-
ination of empirical evidence from the:1960's, they concluded tHat
Mgy

it

.larger and smaller .1rms p1uy ucmp1ementary roles’ 1n 1nnDVat1on Sraller

-flrms cencentrated ori sma]]er scale, spec1a3?;éd and soph1st1cated equip=" -

"ment and wade major innovations after larger firms had let the opportuni- Ca
ty slip away.5! Pavitt-and Wald also found that “opportunities:for.. -
“small firms tend to be greatesi fn the earliest stages of the product:

c¢ycle, when economies- of scale are relatively woimportapt; market shares .

volatile, and rates of entry and failure high."52 B S R

This view of the compiementary.tasks of the large and swald: firm is also
suggested by the detailed exam1nat1on of the deve1npmert of tmportant
inventions by Jewkes,,.

_____ ;Sawyers, Stillerman, and by the: 1nvest1gatlon of -
Muelier and by othgr_ stud;_es.‘_ These .1rVE5_tlgat1ons_show (amp11c1tl,r, as
the point is sometimes overlooked by the authors}. that the initial pat-
-entable idea, which is of colirse an essential. step,. is one much Tess ex-.:

pensive than. the steps. transforming the original-idea into, o’ form that ..

is commercially useful; and marketable:; The expenses involved inithe:s -
stages of development after the.original invention are, more often than
not, prohibitive for the smaller Fimm.53 .. oono - o s IR

S e
"The patentable concept of eiectrostaffc machfne copying was developed
by. one mah Carlson, Since this: was a New, process; :ubstent}a13v differs i -
ent from existing processes; a relatively.small :company (Ha1oqd} could
" develop the process successfully and become: the leading-producer {Xerox} i
in the new figld.5% This: s to.be; contrasted. with, say, a&n:innovatiom: .= ‘i
that improves the performance of.existing copiers. . Discevery of suchian: .. 2 -
improvenent by a laboratory becomes somewhat more probable, but it is
much more Tikely that. the development of}yprk.necessaryutﬁ convert the )
- invention into a useful final product will be-performed, by a:darger:Tirm. o &

Even the’ expense of certain.types of 1n1t1a1 inventions’ are beyond. the ™.

weans of smaller. firms.. Hhat is uncertaln s the exLPnb‘tn which caplt-

_constra1nts, inherent r1s?1ness of 1nvertion and the large costs of davel-

A et

opment, d15caurage 1nvent1ven355
oo
-5 a problem of: cons derable magn1tude

A T Wt e

y sma]ler f1rms ~Chances: are. that=th1s

Just recugni}ihg‘the.nrpb]gm-isﬂan;imndrtant;step since current mythology:
obscures it. .The proposition. that; smaller .firms. have a comparative-ad-..::
vantage in invention, while_megium:éizejfirms are vsyally sufficiently

A05 i
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This general pattern is borne out by the questionnatre survey of .Coapert? .

who 1nterv1eued twenty -five pnop]e u!th experlence in research and devel- .-

. ‘opment, prlmar]]y 1n chemlcals and electranics, most cf whon had managed,_r
'development in hoth 1arge and small companies The estimates. derlved
from these 1nterv1ew5 indicated that large cewpan1es nust spgad from

1“Eh\'ee to ten t1mes as much as sma]l oné;wto develop 2 partlcu]ar product

The réasons for th1s are presented be]ow ““““““5””"“f i
. ) " o

AR AR

First. thé average ¢ nce of terhn1ca1 peopTe in sma1]er Firms is

3 ) .Pedom of 3" sma]]er company appar—.
ently is attract1ve, research personne] ray own significant amounts of
the stock of sma]l compames 50 that the mcentwes for- successful invea-,
tion or 1nnovat1on may be s1gn1f1cant]y greater .and. small companies are

" less likely both to tolerate unproductiva personne] and to hire.unseason-
ed people, A]though Cnnnnr does not gomment . on ‘this, - apparently greater .

productivity of R and D personne] in sna]ler p]ants dEFIVES 1n part from .. .7 "

- their higher sa1ar1es—-e1ther because they are more experlenced or more .
competent, or because of the1r direct ownersh1p which acts as.an 1ncen—‘,”
tive to pmduce Neverthe1ess, if Connor cestimates- are correct, it would
seem that the add1t1ona1 expenses are nore than offset by the Jncreased.
prnduct1v1ty In so far as the 1ncreased f1nanc1a1 1ncent1ve increases
productivity, one may uonder why 1arge compan,es do, not adopt some . in- :
centive system. An experlenced patent agent With a ]arge chemicalcompany .
suggests that th15 is true because in a Jarge R and B organization such:
& system would restrict 1nfornatiun flow within the ~company and create
difficutt r1va]r1es and Jealou51es “3

Second techn1ca1hpeqp1e are. much more cost conscioys. Somehow ihe small

[ S s

Firm is better ab?e Ao, ach1eve an atwasphere in which techn)ca] personne: L

are left alone to pursue uork and because of the closer identification
of the personne] w1th the campany, the personneluplace.n high priority on ... .
the way their efforts centribute to ﬁhe_ccmpany's SUCCESS-

Third, in the sma]l company ‘rerc is greater ease of commun1cat1mn aro
mﬁ T T, MR s a
reduced prob]ems of ¢

dlnat1on In smaller companies, t;chn1cal per-

sonne] are more T1ke1y to be snna1t1ve to tre needs of the market begcavse . .. ..

- of closer contaLt with pnop!e concerned with this area. .To be sure,...

‘these various advantages-must be weighted: ‘against disadvantades of breadth:
of experience and specialization, but Connor's study indicates that the
advantage 1

s with small companies. |
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Support for the ghg§i§:£ha§ Jarge firms.in concentraled industries show
greater evidence of technica]hqhadge is furnished by A. Phillips.3*. In
general, Phi]]jg; found that those. indusiries "which had-large-scaie
producing uniﬁs in 1904 had significantly greater rates of decrease.in.
the number of wage éarqgrs ﬁgg:unit.of,oqtpqt.begwgen_1899Aand 1939 .than
did the other in&usprieé;" Paillips! results are too facile because .
they probably oo not-ﬁea;ure the effects.of large size and concentration-

on invention or development. . Greater technolegical epportunities prob-. 7. . -~

ably exist for.capjtgl%igtensive.firms so -that_their capitai/fabor.ratio’
naturally would tend to grow more quickly over.time, Thus;:thE'casual
influence probably runs frcm tecimology. to.concentration rather than. the
reverse, and is shown by Phillips' qwn.subseqqent,uorkqﬁ'and by studies
by Scherer3®, Philips3? .and femangr.3% Scheren.and Philips found:that
differences in: the sc1ent1f ¢ knowledge base acgounted for.as much of-the -
total varjance ia corporate R and I as did interfirm difference: in cor-. ..
porate sales; Comancr's results were supportive of Scherer and Philips®
‘conclusions.

INVEATIVENESS AND THE SMALLER FIRM

An importaﬁt and cogent argiment’ can bé made that; from the ‘social pgint =
of view, smaller firms:should invest -more. than:they do-in'R'and D and
that they should-invest more-than largz:firms in proportioh td théir
size. This argumeni rests on the rathar rubstantia- amount of ev1dence

TN e g ]

: whtch 1nd1cates that sma]ier f1nns have 3 greater eff1c1ency 1n 1nven—

-

Some,evadence of’ this from works by Hclonngl] and Peterson ‘and”’ Sehmookler
and Scherer already has 'been -dffered. “However, rione of these separates
_invention from:deveiopment or inventisn or development “from:-innovation..

Scherer's results mainly concern ‘patents and; thereford, relite to'iaven- ~°*

tion, but these are not only Unwe1ghted as measures -of the 1mportance of
1nvent1on, but also‘are ohly for Forturn 500 firms-. ;
The work mnst relevant for<the present™drgunent deals'with the origins-

of invention. Jeukes, Sawers and Stillerman3%iin their analysis of the -
_case histories of sixty-one important tweatieth-centhry inventions”foind

that less' than one-third ‘of these cate from iesearch laboratéries.” :For » 0% ~fiit

a more restricted period, 1946-1955, Hambergh® found ‘that ohly:abeut = -
one=fourth of a sarmple of majof inventions were coficeived in-large

& B
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However, ﬂcConhgTI and, Feterson‘s.resu1ts are not duplicated in studies .

© of Targer firms,. |yp1c11 results, for larger f1rms are either.that there . ... ..

_show a naga;1yg_rg1at;o xp:bgtwegn~f1rm §1ze agdsg.and ?ithgnglty.

Smith.and Creamer{s. results, are. somewhaf typiggjﬂ?7v;Dnenof:ﬁheuindyg-ﬁ2: ﬁrf_.,x .

iries (sc1ent fic and.measuring 1nstruwents) in:Smith.and Creamer's,
tvelve-industry. sample also, shows 2 negat1ve reTat!onshlp for., research .
intensity and firm size.. For two additional .ndustries. {other Chem]ca

“and cnmmun1rat1ow fand n]bctron]c equipment}, ;the intensity of the sma
est firms (under. ] G"O emp.oyees) was. greater than for, agy other c1ass:‘. 3
when federal funds were excluded. In the calegories. of other. chem]ﬂals,h_,

“‘drugs and other radicine, and sc1entaf1c instruments, the peak intensity

occurred at 1es> than the largest size class.. Finally; dn seven of the .
twelve 3ndustr1e$ the, peak 1nten51ty of the smal]esn <1ze cTass Has, i

© greater than that of the next langest c}pss.

Schmockler's resu]ts,fqa.]ﬁfge}_figms aéévfa%rlj_cgns%stqnt ﬁfththg‘
lationships .shown by Smiﬁh aﬁd Creamer.Zﬁ:1qu azsfx;jpdu§trj sqmﬁ)e-
Schmookler found across four industries ne. relatidﬁsﬁip Eatiren‘%irm .;4.
size and R and D intensity. However, for two, of the six 1ndustr7es,
Schuockler data Shdﬂ that the R and I ‘ntens1ty of the smallest f1rmb:
[49-499 employees in-one. case, 500-999 in nnother) was greater than that
of any other size class. it is worth not1nu that these tvo 1naustr‘ .
(fabricated metal products and ordinance, and e]ectr1ca1 eayipment) are

among those in the Fclonnall and Peterson sample. . In two nth?r indus-

tries, peak R and D.intensity occurred at less than ‘the zarqest size of

mare than 5,000 enplorees;.for the profassxnnal and scientific instru- _ -
~ments industry,.peak intensity.occurred.at. the.second, sma]lest size class . .. ::;
{500-999 employees), . in- the food and k]ndred products industry, the peak : o
intensity‘occurred_at the next to largest s;;e p?g;s.(j;DQO 4,,3Qﬂemolqy—,'
ees).29

tven for the chemical indusiry, the R and D intensity for the-smallest .
size class (f1rws with Tess than 500 cnployees) was greater than for any
size class, except for tnP 1argest Str1k1nq1y, two of the 1ndustr1es )
found by Schmooxler to exh1b1t peak research 1ntens|Ly at 51zes of. Tess
than 1,000 employees {electrical equipment "and professional instruments ).




small firm to cap1ta1 problems, espec1a1]v 1n view of the inherent risks

of R and D. As R and b ‘s spread among a iarger nrumber. of projects, as.. .
A15 more Tikely the }arger the firn the rlsks of failure of any.one pro- I LY
dect are reduced. Related to the quest1on of smell firm syrvival, is the .
greg;er_life expectancy of largér firms which allows them to assume R

rand D investments whose payoff period is longer. The greater diversity .

of large flrms in 1ncrea51ng the 11ke11nood of be1ng .able to-use an 1n— s
vention, and the greater narket concentratton of. Iarne f!rms are alse | .-
elements, thouqh cu1te mlnor ones, in exp]aan}ng the greater propens1ty._,l

for R and D programs amcng Targer f1rns.r“_

‘R and D expendiﬁﬁree by _ai1 ccmpan1es are distr1buted amonq approx1-

" mately the same indusiries as fur large companises. Sw1th and Creamer-?f:_tuﬁ
show for 1965 that four of the top f1ve 1ndu5tr1es in absorb1ng R and.D
spending by smail f1rns were a]so _amang, +he tup f1ve for large flrms

It would appear that the nore cap1ta] 1ntensive 1ndustr1es ‘haye the

higher percentages of f1rms engag1ng in & and D.?% Th15 probably re—
. flects the.greater potential for R and D in these industries and the
fact that capital-intensive 1ndustr1es tend to have larger firms. It o v
“would be 1ntere5t1ng to see what the. regresszon of both Fim size gnd

capital 1nten51ty aga1nst the percentage of .1rms engaged 1n R and D.
.would show.

Given the skewed d1etr1but1on of R and D spend1ng among swa11 f1rms by .
“industry and by 5126, it is not surprlszng that Smith and Creampr find
the dastr1bat10n of R and b spend1ng among sma]] Firms .aiso highly’

skevied. 21 Th1rteen percent of manufactur1ng flrms w1th tess than 1,000.

employees spont abouf 55 percent of tota] R and D spend1ng by manufac~

turing in th1< s14e cIuss Hhat is perhepe more ?nterast1na s that
this 13 percent a1so shoued a more cont1nuou5 record of 3 and ] spend;ng,

Research Act1v1ty, !nte ty and Fxrm S1ze

Firm ste StrongTj 1nf1uence5 the probabitity of .a:firm hav:rg a ‘formal
'_ R and b program, but does Firm size influence the eize of the R and D
program? One would:expect a positive relationship.as Tong.as there were . [in.g =

not strongly -decreasing ‘returns 'to scaleé~in:R-and D, qpneﬂalso would ex-u, .. 27
pect a positive reldtionship simply on the ‘basis of ‘federal fumding of *

R and D. The :percentage of R iand D funding ffﬁm‘federa1HSOUEGES i§?enon€ri mE e
mous , thuugn recently. it ‘Has been declining. = In: 1959 federal ‘funding -

LTI
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advances'may come from departments other than those for R and Do Changes
" intax ‘treatment-of Riand Dican result in Rew: arbitrary classifications
. ‘of péirsonnel or activities into the’catefory of reSearchiil ' T these
probléms exist in attempts to-study R and D Tor-larger firms,’ how much
“mpre Sifficult is it to analyze R'and D by smailer firms in hhi’h ‘the
* data are-less- satlsfactory ar do not ex‘st’ o ‘7‘ e
" Aside from basiciproblems of data avatlability, ‘curient fesearbh*suffers
‘fiom two interrelated and important shortcemings™ -The first is' that data
‘are not exaiined on'aisufficienily'diséggregited'basiﬁu The second de-
ficiency 15 that too féw factors have been introdiced that Wight help
" explain the structure of R and D. Kamian and Schwartz!l abserve “much
of the evidence on the effect of size lias’ not’ tontrolled for other fac—
“tors that may be'helpful in explaining inndvationad-‘es fnrt M - The‘same -
may’ ‘b said of evidende concerning innovationzl ‘outcome: - FeW StUdIeS
“ really have attempted to-explain’the structuré of R and D, undoubfedlf
because to do this ruquires that the data and information ‘be generated - ’1}
by narrowly focused studies working to build up a data base suff1c1ent1y o
Fich to understand R and Bstructgre, U T T IR i

* In this regard; problems of R and U are reminiscent of problems f devai-
oping a ganeral theory of oligopoly. The necessary basic rescarch is
tedious d@nd -perhaps 1ess rewarding in the short@run. Perhaps econmists
“aré 1ess willing than researchers in thé iatural $ciences to ‘Uidertake
‘the tedious and narrowly‘focusoo research upnn uh1ch ‘the advancewent of

séience’ uitimately rests : : o :

i RRHD D CHARACTER]STICS GF SHALL 'FIRMS

- The most importafit stud1es or R and D in sma11 firms are thuse of
',McConnnll and Peterson,” McConneil and Ross,?? Hamberg,{“ Smith and

_Creamerls and Dearborn, kneznek and Rnthony 15, _ﬂse and oLhnr in-

i_vest1ga.ycns, a number of l1m1ted and tentat1ve, ¢

it .
ugh_important, con-
clus1ons_emnrqe ’ )

. The Inc:dence of R and D PTOJTde

Lydﬁg’ " Probably about .20, to .40 percent .of: small F1rms engaﬂﬂ in R and Dina
o i relat1velx formal way. -Among.the mere:reliable estimates are-ihose f1om
.. the detailed:and disaggregated questionnatre-resuits of McConpell.and
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between the investment-to-GMP ratioc and'real growth rates for seven OECD
countries as measured by the Kendall EUe}ficient 6f concordance is .92,

with a-chi squarae cf 11020 ~This is just signifitant 4t the 10 péreent”
level, which is impressive for such a small sample.? Similarly for the -
1967-1971 period, the United Statss ranked fast §n its growth of Rand B~
expen&itures. followed by the United Xingdom, France, West Germany and
“Japan.  This matches the respectvve grcwtﬁ rates of. those countries, e:vc—-:;”i-'ij

cent for the reversal of the United Statnq and the Uﬁ1ted Y1nudom
y 1*D i
For the United States, the fall in the mvestment to-GHP ratio has oc-

curred in large part because of the fai1ure of the traditional sources-

of investment funds, retained eirnings,idebt aﬁdWEQUity ‘Retaitned carn-

ings in constant-dollars have- dec]1ned'enormoLs1y;dur1no most of the ﬁ
196%'s and the 1970's. The crowdlng out effect ihas !1m1ted severe]y
bond debt as a means .of f1nancing, and Lnt1l reeently, the stock ma }

has nct been a very- attractwe nlace to. go for i nancing. Fmanc!‘
prob1em of small businesses: have been’ e5pec1a1!y d!ff1cu]t

One set er measures that undoubted1y are cailed far are pnhmes that
'encourage greater cap1ta1 formatlan H1th such po11c1es, ‘R and b~ for_
both smalI and large firms nndoubted]y wou?d expdnd However, the; re- 7
spanse of sma]] f1rms probabuy would be greater because of-their greater :
sens 1t1v1ty to credit conditions. The phenomena is similar to the unem-
proyment rate of minorities which increases proportionztely more than

for dther groups during periods of cortraction and which decreases more

than preporticnately during periods of expansion,

Econom}c growth is a matter of the efiiciency as well as the magnitude of
tnvesiment. In this regard, the distribution of R and D expenditures be-
tween large and small finns becomes especially relevant. After
"cons1der1ng the relationship of R and [} to smalier firms in the next sec-
tion, the third section of this paper argues that efficiency requires a
greater portion of R and D spending by smaller firms. The final section
suggests conditions under which the improvemsnts in efficiency might be
“brought about.

DATA LIMITATIONS FOR THE ANALYSIS OF SMALL FIRM R AND D

Sma¥l firms are those with less than 500 emp]uyées and probably account
for less than 3 percent of total R and D egpenditures.® _Yet in terms of
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ArpEnDIx XV

ARTICLE, “RESEARCH AND DEVELOPMENT BY SMATIER FmMs,” BY RIcHARD O.
ZzrBE, JR., NORTHWESTERN - UNIVERSITY AND UNIVERSITY OF WASHINGTON,
JOUBNAL oF ConTEMPORARY Business, 1976, Pacms 91-113

t, nor are Jowrnal of Conterporary Business Spring 1975
wger, "Ra- B SRR T S

chigen State ' e

sed to de’
CasFipme oo . s .
‘nzes Peview RESEARCH AND DEVELOPMENT BY SHALLER FIRHS

“ziler sur . . , . .

R1chard 0. anhe, Jr *
Nurthwestern UnwerSIty and University oF Nashlngton -

i

THE IMPURTI\NCE GF RESEARCH AND DEVELUPMENT

Techmca] r.hange drising from research and deve‘mpment l'R and 1] “Bkpen-
d1tures is exceedmgly ‘in‘purtant Salow,! in his pioneering work, found -
that‘. between 1909 -ard 1943 about 81 percent of economic growth was at-

tributable tc chnical change and :hanges in produchnn practlce )
mnnison,z in a.more disaggregated. study, ‘found that 36 percent of t?w

rise in outpuf per worker was attributablé to advances 1r:terhmcg]

know'ledge, ang-42 percent was attributable to improved worker: education

Dnly_g percent of the rise was due to increases in-the, Cumta1 stock

"Research and deve]npment is also ¢of major 1mportance in determmng com-
parative advantage, therbalance of payments and the magnituda of. .
exports.3 Dopald Kessmg" found that there was a powerful r_crreiat]
between the intensity of P and D activi ty in American \ndustnes and T

. their export performance Pavitt and Wald3 found a high corre'lahon be- g

o tween national’ 1ndustr1a\ ‘R and P expenditures‘and ‘national’ technoTug1ca1

N __perf}mapce al:ross a samp]e of ten 1ndustr1ahzed rountﬂe_,. In_a.samoie
of fourtecn industries, Gruber, I!chta and Verpon® found that £.5. export
strength was, concentrated in the Five mdustnes wi Lh the greatest Rednd |

D effort, i.e., transpnrtahun,"e'lectmca] machmer‘y, 1nstr.men*s, chem-
“icals and nonelectrical machibery,” The ‘remaining industries oxhidited 2
~net. imgport-balance for-1962, . the .year-investigated.? - From these and s

other studies there is little d-:wp‘t;t._l]ht R and D and technical thange

play & major role both in economic g';éwth and .in determinifg reldtive® ~°
econemic p?sition.

A crude comparison suggests "that the fal1l in the U.S. growth rate of re-
..cent years.and the concomitant absalute and relative-declina in the ratio
of R and-D to GIF are not unrelated pheromena. The decline in R and B

has been part of this decline in the United States in the investment-to-
GHP ratio. See Figure I. For the 1960-1973 period, the rank corrélation
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Table 5-10. Distribulizn of employed docleral scienlists 80.
and engineess by employmeni secior, 1975

All doclorat
scientists . Doctoral Coctoral ¢
and engineers scientisls' engineers’
Employment sector Number Percent? Number Percent? N.imber Percent?
Total ..... 262,411 100 219,055 100 43,356 100
Business and mdustry e 85,876 25 43,341 20 22,635 652
Educational institwiions .. 153,249 58 137,943 B3 15,306 _ 2
Four-year colleges

and universities .... 147,633 56, . 132504 S8 - 1529 35
Two-year collegas ... ‘3674 R DR ¥ 2 177 )

Elememary and o =
. secondary schocls . 1.842 1 1.942 1 - —
Haospilals and elinics . - 7.586 3 7,562 3 24 %}
MNonprofil organizations 8.510 3 7.277 3 1,233 3
Government .. 26,755 10 22538 10 4217, .10
Federal® 21634 8 17,855 8 3719 .. 9
State . 3110 1 2,883 1 G227 . BN |
Other 201 1 3,800 1 2 )
Other empl 86 ) 56 [§] T i—
Empleymenl seclor unreported .. 24a° — 308 - - 81 L oe—

1 Includes 94 scientists or engineers whose tield is unknown.

¥ Excluding thuse whose emgldyer was unzeported.

? Includes the miktary and lhe Commmsmned Carps of the Publlc Health Service..
¢ Less than 0.5 percent. =

NOTE: Delail may not add to: Ialals bec:«iuse of rounding.

SOURCE: Natignal Sefence FDundaIwn Charac!e!lshcs of Dactorar Sciantisls apd Engmﬂers in rhe Um:ed Sla!es 1975
{NSF 77-309), pp. 38-41. ) Sl

See F_'lgure 5-17 In text.

Tablr.- 5-11 Doctoral scienllals and engmeera
by age and iype of empluyer. 1975

Business _ Four-year colleges . .. Federat

- and indusiry and universities Government
_Age Number Pergent Number Perceni 'Mumber: - Percent
Total .. .. 65,678 100 L147633 . - 100 L1634 . 1100
Under 30 . 2.129 5772 4 773 4
30-34 . 15117 - .. 30,862 . . -2t 4121 19
14,1137 . 30803 - 21 LLoe 4724 L 22
10.274 23,687 16 3,646 17
5.090 19833 13 3081 - T 14
7.476 1 16,146 i 2,398 11
4,610 T 10.774 7 1,533 7
2,734 4 6461 4 253 4
&5 or over . 1,224 2 3,084 2 382 2
No reporl ... 169 [C) 101 @ 13 2
* Inéludas the mililary and the Commissicned Carps.
7 Less than 0.5 percent,
NOTE: Detail may nol add te totals because of rounding.
SOURCE: Nalional Sci Foundalion, _C"‘, stics of Doctoral Scienlisls and Engineors in the Uniled Stafes, 197!

" (NSF 77-309). pp. 38-41.

See Figure 5-19 in text.
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APPENDEX D

Selected Tables from Science Indicators, 1976, NSB 77-1, The Nat'ionaT_ Science Board




% DATE OF
- BMARD

10/76

11/76

9/77

OFFICE OF PLANNING AND RESOURCES MANAGEMENT

FIRM NAME

Computer Horizons Inc.
Cherry Hil1, N.J.

Computer Horizons Inc,
Cherry Hill, N.J. :

Institute for Scientific Informa-
tion
Philadelphia, Pa.

/

AWARD . PROGRAM

PROJECT TITLE NUMBER AREA BMOUNT
An Evaluation of University Research = 7681724 Evaluation $§ 42,495
Productivity
Review and Analysis of- Importance ‘7682854 fvaluation $ 18,318
and Utilization Measures Contained in
Evaluative Bibliometrics
A Citatfon and Publication Analysis of 7710048 Evaluation $ 64,851

U.S. Industrial Organizations

9f

93



DATE OF
AWARD . . |

9,77

9/77

2775

o

.. FIRH.NAME ..

-.Prism Productions Inc.
~Camarillo, Ca. i

" Exotech iﬁc.f

Gaithersburg; Md.

51WE§téf:1ncu

Rockville, Md

~Courseware Inci

Prove, Utah

“Development & Evaluation
* “Associates
. Syracuse, N.Y.

“ tion”

PROJEETTITLE,

:An Experiméntal Series’ of Science Pro-

grams for Commercial Television

VDﬁta Prcceséing‘Support to the Science
Education Directorate )
‘Program Evaluation-in $c¢ience Educa-
tlon:  CAUSE

Learner-Controiled instrid¢tional =
Strategies: An Empirica] Investiga-

. Evaluation of CAUSE’

PROGRAM

BWARD
+NUMBER- AREA AMOUNT
7716196 Public $203,100
e “:Understanding’ "
of Science
7726461 © “Special ©  '$124,854
. ) Studies .
7723940 ‘Systems  § 9,400
e Approach
7501650 fectknologi- $207,750
. -.cal. Innova-
“tions. in Ed-
ucation
7723982 Systems .5 95990
' Approach

b

1G98



DATE OF S ’
AWARD . .FIRM NAME
5/77 TécHﬁc]ongAssopiates'of
o Scuthern California, Ing,
Monterey Park CA
" By77 :‘CDNSAD Research Corp
Pitisburgh, PA
C8f77 Operations Research, inc.
' Silver Spr1ng, MD
/77 Kanpa Systems

Ar11ngton, VA

fwards made via . a purchase order:

Belt,: Beranek & Newman

7T
, iCambridge.ﬁMﬁ

“¢linical Systems _
Associdtes, Inc.
Washington, D.C.

6/77

pf%ﬁ%cai?Systems:
Associates, Ing.
Washington, DC

L9/77

Dames & Modre™

w777
: San Francisco, CA

-1 -

{ffﬁyést{ﬁétion of :the Design and Performance

of a Simple Liguid Piston Heat Engine

“A Prbfctype”Evéiﬁation”of.tﬁe P}dgﬁém
Output.of the Research Appl1ed to Nat1ona1
Needs (RAVN) Program.:. oo

- ,Research on Mathods for Assessing the
,;Uul]lzat1on ‘and- Impact of RPNN PrOJects

;”RFP 77 110 Externa1 Product Evaiuat1on

Maragement

P

Evaluation of Basic Research Progress and

. Future Research Opportunities in Human-.
Factors and Ergonom1cs

'Technolog1ca1 heedSnof the Physically :

Hand1capped

-'Research Priorities o Aid the.Productivity

of the Physically Handicapped

Implementation Measires to Reduce Earthquake .

Hazards of Dams

098

o

. AWARD “PROGRAM
'NUMBER-  : .AREA:: * AMOUNT
77-07489 . Exploratory: 53,600
Research
LR RTE RS
76-11438  Research 57,107
AC4 Evaluation
77-22190  Research 63,500
Evaluat1on o
7?226721 Research o ééi,déb
Apm 1cat1 ons
' Subtota1 ' C§77509,5%
RN-1473 Productivity 3,609
. 75P0920 D L
:RN~1039 < ‘Productivity 29,850
75P0B42 .
" RN-6096  Productivity 6,250
75P1I21
RN-6874  .Envinonment '-;1;600
7SP1045 -

"2l



e

17T,
9777

8/77

.- FIRM MAME

Oneida Materials Corp.
Cucamonga €A

Amber Laburator1es
Juneau, Wi

Anver B1osc1ence DeSTgn i
SlgrrarMadrg, CA

Rogér Blobaum & Associates
Creston, IA ":

Char1ps River" Assnc1ates
Cambr1dge_JMA .

Coi]aho"t1ve desearch, Inc
Ha]tham MA :

Cc11aberat1ve Research Ine.
Na]tnam, .A ) -

DASI Industr1es, Inc.
Chevy Chase, MD. ...

EIC Ccrporat1on'w"
Newton, MA

L Experienced Resource

Group, Inc.
Baton Rouge, LA

*”'#RUJECT_TifLE ]~*-" o

Deve1opment and Testing CSMRL "A" Metal - -
Process for Recycling Steelmaking Dust and
Scale Maste Tor Industrial Adoption

Natur'al Red Food Colorant from Beets

Jojoba, Seed Meal.as an Animal Feed

B Assessmant’ of the Potential for AppTying
Urban Wastes to Agricultural lands

An Ahﬁﬁys15-6f"W$Jur P01;ty Tssues Raised

by..the Commercial Deve1opment of Ocean
Manganese Nodules o e

Synthesis and Applications.of Nucleic. ..
Acids to Biplogical Nitrogen Fixation

Enhancement of .Animal, Prote1n Product1on

by foval Genetic Techno]ogy

Evaluation of Free-Falling Film Ultra-
H1gh Temnerature Processed Mijk

Recovary of Chromium from Nickeliferous
Laterites

Rlternative Feod ﬁei%véﬁy'éystems -
An Exploratory Assessment

AJARD PROGRAM
NUMBER AREA AMOUNT
© 76-84256  Indus. Prog./ 75, 000
ey Resources ;- -
- 76-24677 Resources 103,800
76-23895  Resources 77,300
77-08280° Resources 92,100
77313859 Resources 191,900
(30,000 fro
: % Bureau.of
Mines}
77-10195 . Resources.. : - 209,100
*77-19654  Resources 24,997
77-04162  Resources 168,700
*#77-19538  Resources 24,740
77-07184  Resources 25,000

0L
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DATE OF

AHARD

5177
977,
077

L9477,

8/77

9/77
9/77
6/77

8/77

CEIRANAME

Maurer Engineering. Inc.
Houston, TX .

Maynard Pesearch Couneil.
Pittsburgh, PA

Nu1t1systems, Inc.
Cambridge, MA’

précidiont Instrument Co.
Santa Clara, CA

Rad1at1on Mon1t0r1ng
Devices, Inc,
Haterto#n, MA

Sc1ent1f1c Process ~and
Research, -In¢.
H1gh1and Park NJ

Scientific Systems, Inc.
Cambridge, -MA - .

Spectrum Research
bénver,-£0.

Stearns, Conrad, A Schmidt

consulting Edgineers
Long Beach, CA

Stearns, Conrad, &-Schmidt

Consulting Engineers
Long Beach, CA

Storage

PROJECT TITLE
Conference on Research in Excavation
Techno1ogy

Study of 3 Mechanxsm ta Foster University/

Small Business Intaraction

Remote Emp%oyment of the Physically:.
Handicapped

S]1destor"L

:Lérﬁé Cép§¢%ty§thformation

Research on. Uncooled Cadmium:Teiluride .-
Gamma Detectors as SuBstitutes for Ultra-
pure.German1um

Lower1nu of Energy Consumpt:on in P1ast1cs‘

Proce551ng

A A

Microprocessor-Based Prosthetic Control :

Evaluating the Organization of Serv1ce
De11very Public-Health

Research on Equipment Technology Utilized
by Local Government: -Refyse Collection

Research on Equipment Technotogy Utitized

by Local Government: Refuse Collection

AWARD:---:- * PROGRAM Catae
NUMBER AREA AMOUNT
7514405 Productivity 36,900
AD3
77-14151  Productivity 106,000
*77.19497-  Productivity 24,948
*77-19528  Productivity: 24,995-
77-10434  Productivity- 198,100.
#77.18512  Productivity 25,000
*77-19672  Productivity 23,670
78-08798  Productivity 8,648
ADL R N AR
77-08424  Productivity 40,272
74-20560  Productivity 13,800
AOZ T

‘89



B

L. 9T

"DATE OF -
AWARD

9/77

. 5/77

“9/77

5777

9/77

C W

o 1477

- 3/77

sl

~ - FIRM-NAME

Woodward-Clyde Consultants

.:San-Francisco, CA-. - -

Organization

g_Sj;ver Spring, MD

A§5é51én Associates”
- ET Segundo CA

' Amtech Inc.
: Newton, MA

" Blogk Engineering, Inc.

Cambr1dge MA

- Ceram1c Finishing Co

State Co]iege PA

.;Eﬁerﬁy.Résearch and

Generaticn, Inc.
Oakland CA

Ensco Inc Lt
Spr1ngf1e1d VA

; hxotech Inc

Ga1thersburg, M

Exotech, Inc:
aa1thersburg, D

dvanced Research Resources .

T AWARD: - PROGRAM: -
« PROJECT. TITLE: NUMBER AREA AMDUNT

- Analysis-of the Adoption and Implementation 77- 13908 Environmant 208 300
of Community:Land: Use. Regu1at10ns for: . T
" Flood Plains .

A Co}iferénce to Formulate Priorities for 77-07886 - Productivity . 74,900

Research on Humah Perfurmance and ) ‘ ;
.~ Productivity. . e -

.Improved Des1gn P?oéédu?és'fdf:Undérground 76-80044 .'P§6ddéf%ﬁity 1795900
:,Structura1 Support, Systems Jn, Rock . -

' M1cro Isotope T001 wear Detec '*73-5?517" PFﬁdﬁEEivityi ; éS.OOU
-8ingle: Ended Photoelectyric, Hazard . *77-19478  Productivity . 24,495
Warning o .
?:Controi of Fragment S1ze D1str1but10n , ¥77-19818  Preductivity - - 24,942
and Darage Perietration During Machining T a ’

. of .Ceramics
' Thermocorer: for Rapid Excavation ;. . 73-03322 . Productivity 131,200
- A )
'Hﬁéﬁdfé;Seﬁﬁihguwffh Ground-Probing Radar . - 76=03300 - Productivity -- 10,700
. AQ2 ‘ )
. Shaped-Rulse Rotary Percussion Drilling - 75-16367.  Productivity 18,700
) : ’ TROT : o
Shaped-Pulse Rotary Percussion Drilling ;&;g5116357 *+Productivity -;--12,900
SRAIE AL A0 e RN

h
(=2}
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DATE OF
_AARD

77

9777

6/77

" FIRM NAME -

‘ Building Systenﬁ

~-Devalopment, :Inc.

,'San Francisco,CA

Clement :Associates, Inc.
--Washington, -D.C.

. c]enent Assoc1ates. Inc.

Washington;. D.Cy . :f

_Col1ier Worm Ranch
Santa Clara, CA

'Gurnham & Assoe1ates, Inc.
.Ch1cago IL

k Human Eco1ogy Research

Services, Inc.

-Bou]der, CO

'Human Euology Research

- Seryices,- Inc.
~gouldar, CO .

Laser Analyt1cs, Inc.
Lexington, MA

Media Four Productions
Hollywood, CA

PROGRAM

Synthesis of a Mun1c1pa1 Wastewater Sludge

76-82708
Fanagem nt System ADT

: R * AHARD :
PROJECT TITLE NUMBER AREA AMODUNT
Building Configuration and Seismic Design  76-81821  Environment 199,400
An Evaluation of Toiico1ogidé1 Information #77-15417  Environment 142,793
Relevant to Future Testing Réguirements for -° . " = S P
Hazardous Chemical Substances and Mixtures
““An_Evaluation of ToxicoIbgiCéf”InFormatﬁdn 77- 15417 Environment 173,444
Relevantto Future Testing Requirements for °~AD2'Y RN BRI
Hazardous Chem1ca1 Substances and Mixtures
ﬁ;Convers1on of Mun1c1pal Wastewater Treatment -77-16832 " Enviromment 19,700
Plant Residual Sludges Into Earthworm Castings
for Use a8 Topso11 B ‘ e N
Contr01 uf Heavy Meta? Ccntent uf Mun1C1pa1 77-04355  Environment 110,200
Wastewater Sludges .
& Comparative Analysis of Public Response to :74% "Envirénment 561600
Weather Modification A03
Metromex: Soc1a1 Impacts of Inadvertent 76-22041  Environment 60,300
!weather Mod1f;cat1on A Comparat1ve Study o Ce e e
Improved Sens1t1v1ty of Laser Absorpt1on 77-02124  Environment 211,500
Techniques for Atmospher1c Poilutant . - o e FRaE
Monitoring. - il " EICE
Environment - 49 640

“§g

di]



FpaTE oF T e e
A4ARD FIRM NAME

2/77 v 'Scripta Technica Inc.
: © ¥ Hashington,. D.C,.

.97 :5"5Compass Systems Inc.

* $an Disgo, Ca.

. 5an Diego, Ca.

8/77 . Compass Systems Inc.

PROJECT TITLE

Pub11cat1on of Po1ar Geography

» Asgemb Ty and’ Ana1ys1s ‘of Oceano="
~ graphic Data’on"the Surface Lajer

(0-150 M) in the Southern Hemisphere

“and Preparatlon ‘of the RESu]ts for
-“PubTication ir an Atlas" i

“Assembly and Analysis of Oceano-
- gréphic Data“of the Surface Layer

{02150 M} in-thé’Southern Hemisphere

.and. Preparation of the Results for
"Pub11cat1on An an At]as )

) ASTRONOMICAL ;- ATMOSPHERIC, EARTH, AND GCEAN SCIENCES BIRECTORATE

ANARD ! PROGRAN P

NUMBER AREA AMOUNT
7681106 - Polar - § 21,000
7724040 Atmdspheric $ 30,000
7709201 Atmospheric $158,800

4

0¢8



* \DATE OF

¢ AWARD

177

IRy

SCIENTIFIC, TECHNOLOGICAL, AND INTERNATIONAL AFFAIRS DIRECTCRATE

FIRM NAME

Courtesy Travel Service
Washington, D.C.

Computar Horizons Inc.
Cheryy Hil11, N.J

Motrics Inc.

Atlanta, Ga.

.Lharles River Associates, Inc.
;Cambr1dge Ma.

'Innovat1ve Systems Research

Pennsauken, N. J

Cap}ta1 Systems Group Inc.
RockV11?e Md.

'Cap1ta] Systems Group Inc

Rockv111e Md.

Westat Ing.. - .
Rockville, Md."

PROJECT TITLE

Travel and Administrative Services
in Support of Intern'l Science Acti-
vities Sponsored by the NSF

Implementation of Evaluation Metho-
dology for International Programs

The Economics of the Unigue Functions
Associated with Information Analysis

Centen (IAG} Services. . .

Development of a Discrete Choice Model
~for. the Demand of.Scientific and
Technical Information

ﬁE1ectron1r Informat1on Exchange in Re-

séarch on DQV?cea for the D1sabled

gA‘P1ann1ng Gu1de 0n Lnnovat1on in the

Dissemination of Scientific Information

-A Planning Guide on Innovation in the
-Dissemination of Scientific.Information” -

Relationship:of Organization Climate
to the Transfer of Scientific and
Technical Information in Industrial
Settings

AWARD
NUMBER

7708322

7708484

7718035

7718020

21717924

7701485

7720489

17681946

PRGGRAM
__AREA

Internat'l

Internat'l

Science

Information

<S¢ience
‘Informaticn

Science

Information

"Science

Information

Science

;Information

Science
Information

AMOUNT,

$ 500,000

$ 24,915

$ 83,800
$ 101,764

$ 51,143
$..92,586

$ 218,500

~$ 10,017

"09

8¥8
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58
APPENDIX C

R

FY 1977 GRANT AND CONTRACT AWARDSY
70 SMALL BUSTNESS

LISTED BY INDIVIDUAL ANARD-BY. ="+

NSF DIRECTORATES- ©

1/includes programatic grant and contract awards oply. Excludes awards I
primarily for M Togistics suppovt and purchase orders except where :

noted; he Research Applications list.
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APPENDIX B

PR FY 77 AMARDS TO INDUSTRY--BY NSF PROGRAM ELEMENT

© MPE:. No.

Other:Math Sciences 1 *
Engineering/Heat Transfer =1
Engineering Energetics 1
Engineering/Fluid Mechanics 1

Metallwrgy "+ ) B
Ceramics 2

‘Materials Research 2 186,700
Chemical Analysis 1 60,000 .
Enginearing 1 . 66,500
Other ] . 1 24,535 T

TOTAL: w12 718,335::

STL :
Policy Research & Analysis 5 : 217,847 -
Cooperative Science Program S 500,000

24,915
= T85,668 0 1

Scientific Organization & Resources
363,209

1
Economics: of Information L2
- Access, Improvement ¢ 3
23

6

User.Requirement Program 146,186
Studies of Science Resources : 534,269
TOTAL: 2% ¥,972,000%

AED
Aeronomy 2 - 136,500
Solar-Terrestrial 2 148,800
~ Atmospheric Chemistry 2 119,900
Solar Terrestrial Physics 1 67,500
Information Services USARP 1 21,000
Contract Support USARP 5 7,059,825
..Climate Dynamics . 3 .. 288,800
Research Ship Support 3 295,047
TOTAL: To 8,137,372

BES
Regulatory Biology 3 164,856
Metabolic Bio. 1 80,500
Economics 1 12,500
H1story & Philosophy nf Sci. 1 82,700
TOTAL: 6 - 340,556
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54,
RA No. Amount.
Resources e weT TRy : 8L N -2,122,800-;
Renewable Resources. ' S 1 ' CTU35,000
Societal Response to Natural Hazards 2 920,000
Instrumentation Technology 3 198,600 .
Excavation Technology 19 1,732,800
Earthquake Engineering : 12 S s 2,013,100
Environment 94 e 2,293,600,
Weather Modification - 2 o S L. -101,900
Regional Environmental Management . 10 e 5o 2,760,300
Chemical Threats to the Environment. 13 3,592,400
_Pr‘oduct1v1ty o : 134 . 3,269,600
“Regulation 2 i 7929000
Technology Assessment . 25 ’ 1 115,675,
Public-Sector Productivity 1 . © 5,000 -
Service:Delivery Technology & Systems 5 - 664,025
. National Productivity Measure. 2 192,000 -
. Ser\nce Productivity & Intergovernmenta] J
“Relations ; 1 a 59,500
Public Sector Productivity 2 T 121,600
Public Palicy 1 . 260,400
Distribution & Equity 1 5,760
Systems Analysis 1 24,942,
Biomass UtiTization 1 280,000 -
Mineral:Market Behavior & Shortages 1 .. 190,000
Resources ‘Development & Conservation 1 - 708,300 -
Advanced Processing Technology 1. .. 89,700
Industrial Program - 8. e 142 8191:
International Travel N ... 978
B TOTAL: 531 323,879,799,
8BS
Genetic Biology 2 548,200
Ecosystem Studies 1 198,000
Regulatory Biology 2 112,100
MetaboTic Biology 1 319,200
Biophysics 1. - . 72,600 .
- Memory.& Cognitive Procasses I v 1...63,100
Anthropology 1 - "112,500"
Economics 1 e ... 16,200
H'lstory ‘& Philosophy of Science 1 oo 82,700 -
TOTAL: ] 1,524,600 -
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NASA patent policies appear .not to- be a‘serious detérrent'ﬁo Andustry
participation in NASA basiciresearch activities. . Patent rights start with
NASA but -cOmpanies often are a551gned development rights f the government
does not plan-te use ‘the .patenti - NASA*s' Congressional Suppdrtérs have o
emphasized that NASA supported: research is:beneficial tu U.S. :industry and
the national economy. Mowving research results to utilization ds important: -
in meet1ng those DbJECt1VES .

-NASA's. pub11cat1on p011c1es in- the bas1c research area generale ‘Fesemble
those of. NSF,.- NASA-encourages publication in refereed journals:and staff
spoke of-an-incréasing:emphasis on that mechanism as-ohe of- the eva]uatmns :
of quality. to be-weighed when: considering’ further research support.” In & =07 ™
addition, for NASA contracts, part1cu1ar1y those let in response to specific
research needs, NASA-requires:a’techrical report addresSed toNASA. In orie”
of the researchi:areas.it'was noted-that-research findings by private firms”
in the natural.resources area sometimes are not published:readily; somg
companies with large research programs and'labs participaté réadily in

- certain. of the bas1c research act1v1t1es, and pub11sh resu]ts in-the open

]1terature

_AIR FORCE OFFICE OF SCIENTIFIC RESEARCH

The Air Force Dffice of Scientific Research relies mainly on unsoT1c1ted
proposals for-initiation ofinew work. through grantsvand contracts. Proposals
are supported based-on ‘their originality, significance to science, the ™
scientific competence of -thesinvestigator; :the reasonabieness ‘of -the research- -
budget, and -the appropriateness-to . the Air Force, " Grants are 1imited to T
support of research at universities and'not- for- prof1ts Contracts are :
used to support research 1n 1ndustry o i e :

b e

Research- awards to 1ndustry vary accorchng to the 1ndustry expert1se and
interest as these relate to the Afr-Force's ‘vesearch programs, and the-' -~
interest of ‘the Afr Force -in‘the 1ndustry expertise-or -the questions that
a researcher may-want -to investigate. - The AFOSR indicates that about 15%
of its extramural basic vesearch outldys go to industry, and est1mates that v
about 10% ‘of-these awdrds are to small blsinesses.:

Industry performance of basic research for AFOSR is more Tike1y in h}gh
technoTogy areds: such as electromagnetic matérials-resedarch and device:
concepts.’ In the.microwave ‘tibe area,: AFOSR: has’seven ‘industrial resedrch -
perfdarmers and because oFf a scarcity of trained résearchers in this area :
Stanford University is training researchers in the field.

© The AFOSR reports. noi special patefit’ prob1ems that appear tu deter 1ndustr1a] ;f'g
i bas1c researchers from Air Force work L . s




""of NSF. Researchers are encouraged to publish in the open’ literature and:’
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ONR does not have data permitting comparisons with NSF on proposal pressure.
ONR interests are known generally and preliminary contact serves as a screen.
Only ‘proposals of some interest to ONR-are submittéd in most cases. There -
are few unsoi1c1ted proposa]s and the1r re]at1ve ]1ke11huod uf support is

not h]gh

In the nature af’ ONR relat1onsh1ps contracts and negotiations, there are’
.. no serious administrative problems of & continuing sort involved with..
patents or publications. There are no cost-sharing requirements, -

_NATIONAL INSTITUTES OF HEALTH

NIH does. not make grants to 1ndustry Tts "awards to 1ndustry are in the -
form-of contracts. Most of “the comtracts with Tndustry are in response to
requests for proposals. Within specific contracts it-is ‘Sometimes necdssary’
to perform some basic research, but such basic research is neither the
major portion northe primary purpose of the contrdct. "This accounts- for

- the fact that-n ‘industry basic research is reported by NIH in the annuil
Federal Funds ‘report. since traditionally 'NIH has not split its awards “for °
reporting purposes. Rather, the entire amount of any award has been
aT]ocated 3 maJor research or deve]opment thrust

There are ‘relatively few un5011c1ted ‘végearch proposals per year from 1ndustry.
In FY 77, there were fewer than 10 active R&D contracts with industry B
. Tesulting from.un5011c ted proposaTs, some. new and some carrygver from

prior years ) . k

_In FY 76 there were about 300 R&D cuntracts awarded to for prnf1t organ1—--' o
zations. e

The determinations for awards to 1ndustry are made on-the basis -of competitive
evaluation, with'a very few’ ‘awarded 'onthe basis of "singular technical = -
competency. : NIH suppnrted research 1n 1ndustry is primarily in’ the 11fe
sciences. ™ i .

NIH poTicies concerning both pubi1cat1ons and patents resemb]e ciusely those

patent rights are dealt with on a deferred determination basis as with NSF.
Cnst-shartng is based-on 1nd1v1dua1 contract negotiat1ons based on poss1b]e
cummerc1a] advantage o, the research performer v

© NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

D1scu551ons were he]d w1 i NASA; Headquarters .research’ management staffiin -
three areds--engineering; Tife §ciences, and space and tervestrial sc1ences__
NASA'S policies oh the support of basic research are comp]eteTy apen; ©
Anyone can appTy.  From one arga to. another, pract1c95 vary. ProJect i
announcements “and knowTedge of program thrusts in each f1e1d have a maJor s
influence on the support sought by research performers.
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PART 1V

Support of Baéic Research in

Industry by Five Other :

. Fédefa1 Agencies
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44,
S
Directorate/Field/Program Area . . Amoynt
‘S¢ience Education .
Science & Society . . 203,700
Science Education Development *@-° " oi™ i 4eod 484,648
Science Education Research 2 19,890
TOTAL: 7 $707,638
Administration 6. ~15115.744
Office of Planning & Rescurces Management * | -6 -0 ..o 295,999
) .

Office-of Government & PubTic Programs 28,085

l/Appeﬁdjx Biﬁrovides more detailed 1ist by program elemelit. S

Z/Incipdgsﬁﬁhtarctic Research Program. logistics support’ =
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v . Table I1Ii-4 42,
FY 1977 GRANT AKD CONTRACT
AWARDS TO INDUSTRY1/

o : . B ofEY.7I,. ;... FY 7T
D1recﬁ ate‘ - No._Awards Amount 0b11gat1ons deigatibné

Mathematical- & Physical iy ‘
Sciencasf&-Engineering 2 $ 718,335 .32% $224 4

Sc1ent

ic, Technological = - = '
& Intermational Affairs . 21 1,972,010 -.10,5. .. 197 a_/
Astronom1ca1,Atmospher1c, TEE i
- Earth & Ocean Sciences 19 8,137,372 3.48 233.5_/
‘Research Applications 110 9,714,070 15,2 ey
Science Ediication 7 707,698, 012090 sl
Bionﬁfta1;58ehaviora1 =z . F o e
& Social Sciences & 340,556 .27 126.6
Planning & Resources SRR e et
Management 6 295,999
" Administration 6 1,115,744 PR
Government & Public : . . .
Programs . L2 1-.28,0585. . .o Lt
TOTAL:  “TE9 $23,029,779 3R T sToETeY

YExeludes purchase orders ;

£/ These figures shown without $1.3 million transfer from RA to STIA for
technology assessment as shown For FY 77 for consistency in the FY 1979
Budget request.

é/Inc1udes U.S. Antarctic Program

4/ science Education total less Fellowships and Traineeships {$15.3m)

5/Fy 1977 Total NSF obligations ($791.8) Tless Special Foreign Currency ($4.4m),
PD&M ($45.5m), and Fellowships and Traineeships ($15.3m}.

GENERAL NOTE

During a fiscal year some awards will be to support proposals received in the
prior fiscal year. Some proposals received during the current fiscal year will
not be acted on finally until the following fiscal year. In categories of small
numbers, particularly where contracts are included, it is possible that for a
single fiscal year awards may exceed proposals.
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40.
Table' 111-3 %
“F¥71677 * PROPOSALS RECEIVED ‘FROM TRDUSTRY
BY DIRECTGRATE AND FIELD QF
SCIENGE GR PROGRAM AREA WITHIN DIRECTORATE”
Directorate/Field - : Q‘_fL M}. o
Mathematical & Physical _S'ciences & Engineering ‘ )
Math & Computer Sciences 2 $ 53,000
Engineering ‘ 8 . 769,316
Materials Research 8 S 926600
Physics » o 2. . 212;500
Chemistry : 4 S T B09YT7S0 T
Other 1 PR 10,535
TOTAL: 77 R Y25 30 N

Scientiﬁ‘c, TechnoTngica] & International

Pohcy Research. & Analysis 8 701,039
International Science 6 1,623,600
Science Information 24 e 2 162,686
Science Resources Studies e B 1 M) R
: TOTAL: 45 184,975,938

Astronomicai, Atmosphemc, Earth &
Ocean Sciences

Atmospheric Sciences '~ 9 - I 1,746,600
As tronomy 52 398,700
Polar Programs ‘ 14—/ 7,679,225
Ocean Sciences 1 40,700

I0TAL: . 29 $0,865,225

--Biological,-Behavioral & Social-Sciences

Biological Sciences - 7 1,250,100
Social Sciences 2 175,600
Behavigral & Neural Sciences 2 98,900

TOTAL: 11 $1,524,600

-]-/Appendix A provides more getailed 1ist by program element.
2/

Includes Antar‘ctm Research Program Togistics support.




826

38.

“FOTAL LS RECETVED BY NSF'DIRECTORATESZZFY 1977
FROM ALL SOURCES 'AND FROM PRIVATE INDUSTRY-::.:ii- .
(Data as of Sept. 30, 1977) =

) ; i Totat.Erom: -5 o o TotaT From
Directorate ‘ A1 Sources ' Pr1vate Industrg

Mathemat1ca1§ﬁPhy§Hca}‘ETEhgiﬁéer1ngf"

Sc1ences e 'auz,§84'-

Sc}ent1f1c, ?echno1og1ca1 & Internat1ona1:
Affa1rs S o . 1,027

Astrunom-ca]

Hfmosﬁhé¥ic; Egrfﬁf&‘ﬁéééﬁ. ;

B1o1og1ca1 /
Science Educat1on

Other {Administrationr; Office of
Planning & Resources Management;
Office of Government & Public Programs} 54 13

TOTAL: 28,122 - 568

*Excludes Fellowships and T}aineeships.
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36. .

cal- year 1977 data
FECETVEd TH thE A teF i d ¥  rasearch area than el sewhere in-these three
directorates, with atmospheric sciences, biological sciences, enganeer1ng,
astronomy and. chemistry.all receiving four:or.more proposals. - (Polar
programs is considered: to:have:received fivé research: proposa]s when the
nine for research: support serv1ces are exc]uded) Tt

The greatest number uf basac research program awards were! made to 1ndustry
(Table I1I-5),-dn materzals research;:atmospheric sciencés,: engineering

and biological sciences.:—:(When Polar:programs.support awards are excluded,
that program category drups to the Tow end of the group).::Appendix B lists
the grant and contract awards to tndustry by NSF d1rectorate and program
element. .

The data for awards to'small bus1ness, a subset of" the data for all 1ndustry,

are grouped by totals for each divectbrate 'and then are 1nd1v1dua11y 1isted

by award by Directorate in Appendtx c R v1ew of the awards to small

business made by_the’ three basic’ resear iréctorates” in fiscal year 1977 . . . .. .
shows that most of these awards‘are for ana]ysrs or- eva]uat1on of data on

research materials. "~ " - . :

The actual numbers of awards in, these areas dre too’ smal} to perm1t valid
conclusions from statistical “comparisons of these totals with 'the data on
population character1st1c5 and d15tr1but' ‘of ba51c researchers in industry.

RESEARCH APPLICATIONS'DIRECTORATE -

Same 1417 pr'oposa'ls were recewed by the,Research Apphc jons Directorate
in FY 1977. That directorate has accepted proposals fro prlvate firms
without special criteria for qualification beyond the merit criteria used
for consideration and support of proposals from other sectors. . In addition,
small business firms thit Aave oltstanding, capab111t1es foir sc1ent1f1c re=-
search or technology have: e 3d to i
because of special ]eg1s]at1ve pr
FY 1976. 1In FY 1977 thé Res
proposals from pr1vate in
received. OF the. 431 the

Application made 544 awards i FY 77, ]TO awards were, made to {ndustry, nearly’
20% of the RA-total riumbér of awards.”  OF the 110 RA awards £6° 1ndustry,
95 wers to small business, 17.5% of the total number of RA awards..

RANN's proposals and awards are identified by field of program thrust rather
than by the traditional fields of science or disciplinary area. In FY 1977
these grouped as foltows (proposals from the solicitation are in the data,
shown separately in parentheses):
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34

The 1arge5t NSF b11gat1ons incur, ed i wards to. bus1nesses Gther than st

research :support in térms of the data for : - dik tes in
nearly all ‘of “the obligaticns arein support of basic’ researchr—the D1rectorate

for Mathematical, Physical Sciences and Engmeermg (MPE); “the Directorate "
for Biological, Behav1ora1 and Soc1a1 Sc1ences (BBS),iand,thg Di
Astronon1ca] At 'spher1c, Ea‘ : es 1IN

"Private Profit Organiiatlon Conmercial Firms are 1nfféﬁueﬁf
rec:pIents of awards for sc1 ﬂt1f1c research project support
A isoli b

. rol .
probiem; “(b) umiqite resources a ~available 'in 1ndustry'for the
work; or (c) the project proposa] is 0utstand1ng1y meritorious."

This polticy has been widely known It also“has been mtsunderstood by some =
who -have .thought -that NSF, never. makes awards to. commercial

for basic research supﬁor
made by NSF for many years.




rdpu ajéffrum”lndustryT

Awards to Industry,

Fiscal Year 1977-
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. Table.II-11:.. Funds .for.Basic.Research by Selectdd. Industry..
...,.,:,fPTﬁ'Fi “,‘,‘5,.,,‘“,”‘. Less Than 1000 Employees, 1976

(Includes’Conpany and Federal Finds}

Dollars in Millions

© TOTAL 100%
Food and kindred products : 2 SR 3
Chemicals and allied products o T8 27 )

Industrial chemicals 3 I
Drugs and medicines 5 7
Other chemicals . 10 A6
Petroleum refining and extraction -~ 1 S 2
Stone, clay, and glass products =~ ° ¢ & = e
Primary metals 1 2
Nonferrous metals and products 1 2
Machinery g 6
0ffice, computing, and accountmg o
machines 2 3
ETectrical equipment and commumcatwns 14 210
Communication equipment and’ & i : : E
communication 4. - 6
Other eiectrica! equipment 10 15.°
Transportation equ1pment other- than
motor vehicles-and egpt. - = o @ o2 i 3
Other manufacturing industries 1 ' 2
Nonmanufacturing iﬁdustries . 21* 31

*Including commercjal resear-ch’ and_ development fifms.

Source: ‘Jatmna] Sc1ence Foundatwn
Prelimi nary Data-
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Table 139 Funds for:Bagic-Research by.Selected Industry- .. : . ..

(Includes Company and Federdal Funds}
1971 :and 1976 {771

(Doltarsin millions) v

$ gf} . '( . ) © Peréent
. Tota 1976(Preliminary : Change

T T T % of Total '
100% 4788 100% 35%

Chemicals and Allied R 0 st
“ Products = i 5 L e

" Total:

Drugs & Medicines @y 77 125 16

Petroleum refining & L I
extraction ] 21 4 45 6 114

Fachinery ' 22 T 36 5 e

E1ectr"1ca1 equ1pment ) T o
&icommunication “183 25 I T e L

Aircraft & Missites 3 53 -9 52 oo 7. et o T 2 -

Nonmanufacturing. - - : 31 =5 29 4 T 7
A11-other industfies 95 6 154 20 . B3

Source: Natiuna]r Seience F‘(;undatinn"
©1/25/78
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26.

Table II-7: Funds for Basic Research. by- Size.of Company
(Inc]udes Company and Federal Funds)

., 1971 and 1976

o1lars -in m11-1‘1ons)

. P 1971 . Total 1975(Pre11m1 nary} , Lhange
: Tohe om0 T g of Total o R
-, Total SR $581., 100% $786 ..  T00% .35
Less .than 1,000 employees ¥ 6 69 ., 9 .
. 1’000-, .4’99_9_ EI’BD] oyee‘s_,“.ﬁ__l\ . 51 CE AT .38; ol 5 ST -?6 L
5,000 = 9,999 employees 2012 12, 14 .56
10,000 or more employees, . - 422»4 73 567.... 72 .-

Sourées" National Science Foundation
1/25/78

NOTE: Since d1fferent companies compr1se the 5pec1f1c size classes in
each year, the data by size of company may | ‘ot be entirely comparable.
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Source:

w70 . 4.3%..
971 R :
w72 R 4.0

1973 o 3.8:

1974 ‘
075 3.6,
1976 3.5..
1977(est):: 3.4
1978(est):; 3.3

i

'Nat1ona1 Sc1ence Fnundatron

1/25/78 »

24.
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Table’ 1133

Share of Fadekal: Ba51c Research Performed by Ind&stkylf by Ma1or
Support Agency, with Percent Change FY 1971 & FY 1975

- Share of Tota1 Percent Change
= it .———————-—Elg i "za:‘,:llg—l-_—-—-ﬁ—
NASA e 4% N -433 o
ERDA . 6. 28 ' 5,
- oop SRS IR -9
o e | e | R o
omers L. 2 3 450

;j Includes federally funded research & deve1opment centers (FFRDC s)
administered by this sector.

8.

Source: Fedéral Funds surveys NSF
S VELT N P




