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Table, II,.20' ,. ,.';

Share of Jeder.al11.~Junded_IndustrJal!!.R&D

;:,: ",' "-F-i~t~'lYe~':f~r' :i9ia':~~ -is'
:;

;'i:"

, ...-(\:' ':Percent for Basicq~~~~~rch-F'iscal Year
~i' - ~'_~i.:~

5\'-

;;;:"1

(·ue

1.6

I.S

2.4%

2.2

2.0

2.5

1.6

1.5

. ':GJ:>"'~::

c:::- ~'.

1975(est)

1970

1971

1972.

1973

1974

1975

1976
1977(est)

"",,')..J\.' • .,~ :i

:'\.:'_.-:.'11 Incl udes feder-a llyfunded research & devefopment centers' (FFRDC "s )
administered by this sector.

Source: Federal Funds surveys. NSF
1/25/78
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Table 11-4: oj B'asi'c.;'Resea'rCtl'2in' rrid(j's-t:ry:;bV;~iSO\lrte: df. Funds'
",ii' 'c" _".

-'>1D~1 ia'~s'-,j~" 'irii153o~~s)
;j' ',p

1970 - 1978

23.

Total '~;. Company as a'
Basic R. Federal Company % of total--- '\i);

1970 $602 $158 $444 74%

1971 58P: . 125 456 79

1972 582 127 455 78

1973 620 129 .,:, 491 79

1974 . 688·' 160 -i , '~J. 528 77

1975 717 157 ;..;; 560 78

1976 786 .' 172~! .c; ";\!.~ 614 78

1977(est) 835 185 650 78

197B(est) 905 205 700 77

Avge annual rate
'of change

1970-1978 5.2% 3. 3% ~<\ 5.9%

SourCe: National Science Foundation
1/25/78
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25.

(~(dl~rs:'.i,n:_miln'o~~)_, .
Federal Universities & Nonprofit
. Govt. . Industry 'Colleges ~-.

1970 $541 $602 $2,065 $305

1971 491 '581''''' 2,174 322

'1972 538 582 2~272 345

1973 537 " 620 2,352 357
,,'.

1974 611 688 2,447 396 •

1975 •682 717 2,713" 407

1976 719 786 2,890 439 .

1977(05t) 790 835 3,155 479

1978(05t) 850 905 3,580 520

.:.;Pe'~¢~~-·tD'i~_t,r.'ibLtfb~,.,
1910 15.4% 17.1% 58.8% 8.7%

1971 13.8 16.3 60.9 9.0

1972 14.4 15.6 60.8 9.2

1973 13.9 16.0 60.8 9.2

1974, 14.8 16.6 59.1 9.6

1975 15.1 15.9 60.0 9.0

1976 14.9 16.3 59.8 9.1

1977(05t) 15.0 15.9 60.0 9.1

1978(05t) 14.5 15.5 61.1 8.9

Source: National Science Foundation.. 1/25/78



815.

Tab1e 11- 8: "Funds' for::lndilstrJ:al':Bastc.,ResearCh'"by Fi.eld of-Science.
tIncludes Cpmpany ~nd Fede~al Funds)

1971 .and 1976 "

(Dollars;:;": milliions'):

27.

% 'ce.- Percent
1971 T6fal 1976{preliminary{ Change

100% .
----- %of To a1

Total $581 $786 100% 35.%
:'::-~

Physical Sciences 281 48 350 45 25

Chemistry 180 31: 249 32: , 38

Other 101 17 101 13 0:· .

sathemat'ics 14 2 13 2 -7

Environmental Sciences 8 1 15 2 88

Atmospheric Sciences 3 :5% 6

Geological Sciences 3 .5% 6 .8%· : 100;0:

Oceanography 2 .3% 3 ;4% 50.0

Engineering 159 27 175 2<: >!:)O

Life Sciences 94 16 134 17 43

Biological Sciences 57 10 101 13 77

Cl1nical Medical 37 "6 33 4 _11
Sciences

Other Sciences 24 4 99 13 313

Source: National Science Foundation
1/15/78
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Table 11-10: Funds for Basic Research by Selected Industry

and Sou~ce of Funds: '1971'and ::19ii5

(Dollars in Millions)

1971
Federal %Total Company %Total

Total $125 100% $456 100% $172 100% $6J4 100%
"Chemicals &Allied

Products 30 24% 186 41 63 37 259 42

Electrical Equ~pment

&Communication 35 28% 108 24 21 12 127 21 ~QO

Aircraft &Mis~iles
...

17 14 36 8 20 12 32 5 "'"'0',Nonmanufacturing 24 19 7 2 15 9 .-(14 2
~.

All other industries 19 ~ 15, 119 26 ,.,.53 31 182 30

Source: 'National Science Fpundation
~ 1/25/78 .
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Scientists and Engineers Population and Funding

Comparison of certain of the data on the population of scientists and
engineers working in basic research and employed by industry with the data
on funding patterns for basic research support in industry shows the following:

Rank Ordered by Percent of Total, By Field

Doctoral S&E's ;n
Basic Research in
Industry by Field
of Science

Funds for Industrial
Basic Research by
Field of Science, 1976

100%Total

Physical scientists
life scientists
Engineers
Environmental sci-

ent; sts
Psycho1oqts ts
Math &Stat.­

scientists
Computer scientists
Social scientists

5B.4%
15.5%
14.4% ,

4.4%
2.2%

2.0%
1.7%
1.4%

Total
, ,i i's

Physical sciences
Engineering

:'U:fe .soiences
Other sciences
Envlronmental sciences
Mathematics

""-~-' ..

100%

45%
22%
17%
13%

2%
2%

In both lists physical science. life science. and enQineerinQ are the top
three in proportions of people and fundinq and in each list they include well
over 80% of the totals. These not surprising parallels su~gest a high likeli­
hood of both interests and capabilities from the industrial basic research
sector in these three fields if opportunities for fundinq relatively
unstructured basic research were available. The dominance of theSe three 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 innovation of small firms compared to larRer firms illustrates this
point.

Experience iri other aqencies. summarjzed in Part IV of this report. does not
suqqest the likelihood of extremely hea~y proposal pressure or interest from
private firms as measured by sheer volume of proposals when support is
equally accessible to all proposers. Yet NSF hasencounteredve~y keen
interest by a small business rand d sector that appears relatively limited in
number but whose actual dimensions currently are not known in any systematic
w~y.
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NS F-- Proposa1", Pres 5ure .from-Industry" and-Awa tds- to, ,I ndustry

The -fl (111, ot:-P~9pds~ is, fq~-::tes~~ri:~,,~up'pb'r~ ','fr9m:;ar1'yate ,:fi piisyj~'N~Fi"prOgrailJ~. ,_.,'
is affected -signifii:antly:by' the 'Vie\>ls: 9f the- sc:.i~nc:e'corimJun1,t.Y"()Tl ~ne"] ik~li~ ,
hood of proposa1 approva'L 'Thrs' {!i'true both 'for NSF directorates. 'and for' " .
individua 1,Jtel~s_ ,of sct~~ce,_ or:;m'9gram_~r~as _"wtt~in"d;recForat~s ~_: __.T~e,. ,_
observation- is based on several-dozen conver-settons :\'Iit~re~reserit~tiy~~,of­
private firms coming to the Office of Small Business'R&D-forinforrnation'and
guidance, and the observation is confirmed to some degree by N~F da~a.

NSF I S basic xesearchsupportipg dfr"e,cto.rat,~s ,,4,d.here ,to ,t~e, po~icy.t,~at:,awards

to private,industri,al, 'fi,rms ar:e: nede J~nly:~undet:":special"cr,i.teri'a t~at:"ar:e',
ad~i:t,ipnaJ,to: t,he cr,it,er:ia.of, scienti fi.c.mertt:appli~a,ll:le, to' aJl proposa l.s','
This is discussed.fninoredetail.:in a :'later .sec'tfon. ,", ','

The D'irectorai{:f6r- Sti"'e~tifi:c'-':,'T~,c:hnoiWi,cal;;'an'd' 'Jl'l:ternaii'~ri~:f' Affai-r'~'. ' ,"','"
and the Directorate for Science ·tducationissue a number'of program' announce­
ments eachy,e,ar ' .. ' lh~se:, an~ouncernen~s,i ndtcate ,w,hp t~,e1i gi-ble",tpapply for,,_,~,

support. In a' numb,e:r' 0t,,~rieas s,uch"as:tPxog,ram,,$yaJ,uat,ipn., .po'lfcy rese,ar"ch'",:,
and analysis, data processfng and anafys'ls ,' 'and program design and recommenda''':
ti ons, commerci a.J.,;/:i rms ar"e,. eJi,~i,b l,~, ,to :_sHb~,i t ,pr~pos:~ ls.

The Di rectorate, J~~::'R~~~a:~th':';ApPTid~i{driS:{rOw':~~~ce,e'd~d})y'',the..:Direet~:r'~te,
for Appl ted Scfence .a~d :,Res:e~r:Fh. App,.l i,cati.qns),,;,,'tl'as -rr,om :5:t's'.'e's"tab.l.~shment;·,':
funded propose l~, Tr~m: j ndu:s,~d.aJ' .ccricerns, ,',inc1 u'ding:,sniall,busin~s:(
Beginning in fts'cal j'~a,r; :)976,~ j;he'.col'lgr~'~s',dtrected ,'a,~'pecia,l:emp,hasfS' 'toward
the support of"p.roposa),s:,'ff;qr!i' s"malJr'Ur,ms~,cap~ble)~of,",qH~'lttY. 'rt;!search'in,cl '
development." ,', ",,,.,,,,.,:,,,.~,-!'>:,,:"" , .. ,

NSF DIRECTORAJES, E~CL~DING RESEARCH APPhICATIONS

In total "NSF,'dlre~~?rat~s, 'an.~,-'.Offfc:es':{ekC:l.udlhg,' RJl.:l'rei~i,v~d, l)t'pr~pb,~als
from prtvete fi"rrn$\' fpr,,'g'ra~t','an,d, ,contrac:t:':suppo.r~, i~·'fisFa'l· 'yea'r', .1'9707.:., '"
Seventy-nin-e such:awards' werE?made to prlvate 'fi-nns.350f"tnem to 'small
businesses.

The hi qhest 'n~mb,er',.as well,' as ,prbPorti,on,"of.:FY"'l,9t7.tot,aT,:,d';'~e~.to'rate'
ob1igation's to' cormierCial firms, 'is'i l1;theD"irec1:or.ate for:'Sc1e·nfific~_'
Technological and International Affairs. This'\is·t'rue also 'for' 'awards'
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 information 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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RESOLUTION ON BASIC RESEARCH IN INDUSTRY

'Phe National. -ScdencerBoar-d 'unanrmocsny -,
DECIDED,·that: .t.he. Eouhda't Ion t.a-pof t cv.ron
the support of ", basdc.vc-eseaechvbv private­
profit organizations should be modified
as -tndfca'ted-bv: the::-f'o'llowing Languagej:

c-whtch should: be SUbstantially-reflected
Na'tLonad. Scf.ence Pounda't don poEi'cy
rdocumen ts : .

-fheNat{d-Il~i S6i~nce F6ririd~ti6n'Wei6blrte~r
unsolicited proposals from commercial
f;i-rlTl.,sI, _ B~t'>f t. :_;::l,l,~:o ,wa.u:tl;;,_'t c avcdd

-.-suhsti tll1;lIll?:::Federa~._!3:upport for,
f:l()r_m_alcornllle:t"cial __,iuv~stmE!'n~:_,in _ "
~'~~s:e_ar~h: ,9:r:, ..9_~riJp~dp:~~,iI1g;.; 'th,€!: :_vi}a~~-t,Y::i __ ,,';'
._o:f,r.~~e~rch, in "crdu9,atici~al':lnstitutio~s;
whereresearch'makes a special'added .
contribution to science education.

'.-'J:'gus,. ,u~sol,~cit~d~,Brpposals fOt;"
scien-i:i'f~s: "rE!.!;l,E!l:l.rch, proj E!,9t, su'op'ort'

"from comme.r~ial".,f:(rms::,may,',:be"fu,nded;"
where: (a) the project is of special
concern from a national P9~Il,t"orview;"
(b) special resources are available in"
industry, fqr.-j:he.work:; pro {c ) ..):he
"'pr'Qj~ct",.proposec(\s:,e"speci~a:l],Y'" "',
"ni,ifri:~qrJo,l,1s"'''''' ".' , '" ,,' ",

. ,Th~'Ni-tlp'mli", S,~~eri:c,~ ,.:Fou~,q'~t, i6:fi::~rs~.'ii.~:s:b'~'
,part~cu,Tal~y,'i~,te~~st~eL':i,~: :supp.brtifpg;":' ,
'!es~E!fLrc,~' :~P,]",9j ~ct~; t,Ija\', '::~R.up~:~ :.t,~~ :,' r!?,­
seJ:lr~,h,'T.E!'~o'{lrCE!~" .a,nd.'pe~sp,ec,tiy;es: })f,,,
'i.~du,str,Y: \v~,t.'ll..t~,,~ ,:resea,~.ch' "re~,ourcE!'s',:
a,nd":perspe9.:t:J,#E!S,, err" uri:l:v'er"~,ifi~'~,~.:" -~,Lt'"
:1:;he,r.~,f9r,e"esp,eci,~t~x .."we1<;:9rn'es,,?r,·op.o.sal~
':,for c()()pe.ra,ti.ye,]"es;earch proje~:~:s'in",.; :
."vpl"v;..~ng., })qth,: :l}niver:!2>it i,~~,~~~nd,; irA"l;tstz:,y;"



825

~

37.

Productlvf ty.i'"
Environment
Resources
Technology Assessment

In fiscal year 1976. 247 proposals were received by RA from private
compared to the total of 431 in FY 1977. TheFY":Z7:so1icitaUo,n)lppear.ed
to stimulate a substantial increase in proposals. Strong interest in tQe
solicitation led to 8000 requests for the announcement in addition to 4000
in .the initial mailing.

In the FY 1977 proposals from industry, some relatively small number of the
proposal~: submitted in resp0l"ls.e to the so l-icdtetfon.woul d have-been submiJted,
without'it. according to comments received at the Office of Small Business
R&D. There wer~severa' adyal"ltages to submitting a proposal in response to
the sol i citation: the prospect 'of qualtfytnq fcr Phase II" s.uppor:t:;' :np:'c9st",,:,';
sharing requirement and a fee allowed since the proposals were solicited;
winning such an NSF competf tit oncouto bevccmrerc'ia'l-ly.pt-es t'iq'lous-end ,
advantageous to a firm; the tie-in to venture capital; and patent rights.. . , -.' ~

P')"!'!
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Table 111-2

FY 77--Proposals Received py.,NSFfrom Industry:'"-:-,~ypirectorate--:-&Amount Requested

Directorate ~

Mathematical, physical &
Engineering ~ciences 22

Scientific, Technological
&International Affairs 45

Astt-onomica1. Atmospheri c,
Earth,&.Ocean Sciences 29

Research -Appli cat; ens 431

Biological' & Behavioral
&Social Sciences 11

Science 'Education 17

Administril'ti,on 5

Officeo('PJilnn'ing & Re-
sources,Management 7

Office of Government &
Public Programs 1__

TOTAL: 568

s 2,481,701

4-,975',938

9,865,225

23,829.799

1,524,600

2,256,902

634,44~

311 ,563

5,000 .

$45,885,173,



Directorate/Field

R~~~~fCh,~~pli~a~;ori~

Resources
Envi ronment
Productivity
Communications
Industrial ',,_
Technology Assessment
Other

, TOTAL:

829

134
170

2
B

25
1

431

41.

$ 3,235;;BOO':":
l1,B71,300
J ,197 ,B27

265,400
.t. 142,B19,
1,115,~~~

m,B29,7~9

Science Education

Science & Society
'Science Education' Developmen't
Science Education Research

TOTAL:

Planning &Resources Management

Other Studies

Administration

Training
~;ata- Processing $_Equ;pme~t'Henta's

'TOTAL:

Government & Public Programs
Audi ooutsua1

5
11

1
1T

7

2
3

T

997,430
,l,24?,9B4"

10,4BB
2,256,90?

31.1 ,563

43,350
591,095,
634,445'

5,000



831

43.

Table III-5

FY ';977 AWARDS TD INDUSTRY'

BY DIRECTORATE AND FIELD OF SCIENCE OR

PROGRA~ AREA WITHIN DIRECTORATEll

Directorate/Field/Program Area

Mathematical'--& Physical Sciences & Engineering

Mathematical Sciences
Engineering
Materials Research
Chemistry
Other

TOTAL:

No.

1
4
5
1
1

12

,3,000,
231,300
399,500
60,000
24,535

$718,335

Scientific, Technological &International Affairs

Policy Research &Analysis
Inter-natlena1 Sci ence..
Science Information
Science Resources Studies

, TOTAL!

5
2
B
6

21

217,B47
524,915
694,979
534,269

$1,972,010

Astronomical, Atmospheric, Earth &Ocean Sciences

Atmospheric Sciences
Polar Programs

TOTAL

9
10
19

694,OOOy
7,443,372

$8,137,372

TOTAL:

Research Applications

10
25
43

6
13

2
8
2
1

TOTAL: no

245,356
~200

$340,556

781,935
3 ;664 .079
2,713,752

385,578
1,179,637

138,115
46B,B87
120,607
261 ,4BO

$9,714,070

4
2

6

Technology Assessment
Env i ronment
Product; vl ty
Industrial
ResourceS
Exploratory Research
Communi cat; ens
Research Evaluation
RA Other

Biological, Behavioral & Neural Sciences

Biological Sciences
Social Sciences
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45.

Table 1II-6

Fy 1977 GRANT AND CONTRACT AWARDsl!

TO SMALL BUSINESS£!

% of FY 77 FY 77
Directorate No. Awar"ds Amount Obligations Obligations

Mathematical & Physical
Sciences & Engineering 5 258;635 .11 224.4

Scientific. Technological
19.411&International Affairs 16 1,754,163 9.0

Astronomical, Atmospheric,
233.5~Earth &Ocean Sciences 3 209,BOO .09

Research Applications 95 7,594,435 11.9 63.711

Science Education
.. ,."...."

.94 59.a§!5 555,594

Biological, Behavioral
&Social Sciences 82,700 .07 126.6

Planning &Resources
Management 3 125,664

Office of Government
1;::28~c055.{;'~··: .-&Public Programs _2

TOTAL: 130 $10,609,046 1.46 $ 726.6Y
lIAppendix f. is an i tern; zed list of NSF Awards to Small Business

1!Excludes 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.

lIInc1udes U.5. Antarctic Program.

§/Science Education total obligations less Fellowships and Traineeships ($lS.3m).

§/FY 1977 Total NSF obligations ($791.8) less Special Foreign Currency ($4.4m),
PD~l ($45.Sm), and Fellowships and Traineeships ($15.3m).
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~port of Basic Re~earch in Industry b~ve Other Federal Agencies

We inquired of fiy~.oth'er, sctence-supporti'[nq agencies about their exper-iences
with proposalpressureandthelikely.subject areasofres~archcontripu~ions
from industrial performers of basic research. Discussions 'were held with'
staff of the Office of Naval Research, Department of Energy. .Nat'lcnal Institutes
of Health, National Aeronautics and Spi;lceAdmin;s:tration,: :and,t,he AirF.orce
Office of Scientific Research. Findings are ,summarized bel,Qw>,

DEPARTMENT OF ENERGY

The department's policies do not favor one sector of basic research performers
over otbers, In -pract'i oe , the preponderance of basic researoheward fundsg,o­
to universities or to federe llyfunded research .end devalopment centers. (FFRDC's)
administered.by untvers tt tes ;

Proposal ,i nter-es tior pressure:.,.fr;OIlj."indu,stry, is 'at } fairt/ldw'leveJ ~ is:
about 5% or. less, 'of total, and i sfatrlyc constan;t.> Awards.,to,:Jrdu~try,".

amoun t to about 2 to.4% of .thectota1 .number .of uwaeds. These )fJgures .excl udeFFRDC's. .', " ", ,.,' "" .. ':,

About $90 mi 11i on in basi cre:s'e.a'rch"a"'lqnls ..toun'i~e,rsiti'es. is'es'timat~d. for
FY 1978; slightly .over $1 mi-l I'tbn .i s );~$t;,matedfor bas tc research aW(irdsto
industry.

At DoE the fields ~f 'basic sc'ience in' ~hi'ch resea~ch is supp~rieda~e'he~vilY
dominated by physical sciences. involving probably 80% or so of total dollar~.

Research suppoj-tcis-pj-tmarvi ly in-t,he,.fields of nuclear phy,sics.chemical
sciences, high energy physics, metallurgy and materials sciences.

The agency bas been 'so-t-ecently orqan'lzed f n its presentj'ornthet some"
aspects of·its'experience,;mustbeqrawn fromit~::predece-ssoragenci es .~~e
Atomic Energy Comrn.issi.on,and .the Energy .Researchand ,Devel()pm~ntAgency,.

The new Department of Energy has been taking initiatives to increase the
participation of small business in its programs.

OFFICE O~,N.AVAl RESEARCH

Research~~~';qrt .tc put'sid~. perfonn~rs /5, .~:linoJ'~enfire"y ,ttirollgh--c:on1:',racts.
The basic research contracts tend 'to go touniversities;asa c.o.n~eqqence

of both industry interest and ONR's assessment of the capabl l t tfes of the
proposers seeking basic research support for, individua-l:,:projects;.,, ,Abo,ut
15% of the dollars for "Defense Research Sciences" (that include 'some funds
for applied .research , tho,ugh most are fOr~_basJc)go,to:in;d:ustrY,:~,71tto"
unt vers tt tes '; 3%.. tononpr,ofi,ts (FY 1977 :data)'., These :proportip~s haye been
relatively s tabl e 'in recent years. , InFY·n., 19.4% went for. energy conversion.
16.4% for materdal s ; 10.9% for', mechan'ics ; ,10.8% for" math striences , 8.9% Jor
genera 1 phys,1ps. J,J%.for .ter~restria1, 7% .for.ben,!Vioral/soci, a'l set ence, '
and 6.1% for oceanography.' .
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Most basic research is carried out inhouse or by NASAls own personnel
(about 45 - 50% of:total).- Industry represents .tte seconc.major performing
sector accounting for about 30' percent of the total-dn FY 1978. Universities
and FFRDC,'s,administered by, untvet-sttf es accounted for almost all oft-the
remaining NASA, performance. : In 1978.,abouttwo-thirds;'of. NA-SA'sbasic
resear-ch. j s in the physi cej sctencesfastronony.and -physfcs}, cne-ff.tth .f n
the envtronmente1· sciences and one-renth-t n-engineer; ng...;

In space science the research interests of the NASA centers vary and they
have much, autonomy-In choice- of research performer-s . rneheatresctences ,
it is a patternthat. j-esearch-tendtnq toward general theory or research in'
biomedical ·~reas is performed, mostlY at,universi~ies; research that·is more
techno'loqy.or-t ented ·;s'mol1e.,]ikely",tobe," carr; ed out, by industri al performer-s-

NASA accepts un~oli.'cit~d" proposal s for, basi c .rese~'rch ':but-starr-report, that­
relatively, few, are .recetved. from :industry. Most· unsoli cttedprooosets re­
ceived come, from uniyersit.ies':,Those fr-om.fndustry are more f tkefv-to
result fr-om-a progrqm announcement, Requests for proposals .s ttmnateproposets
from both uni versiti es and-f ndustry; .tn .the ' bas i c researcharees , industry ,
submits relatively few proposals. The more technological the area the more
likely industry is to propose and the. more likely sucb proposals are to be
funded on competitive-merit.

In engineering -bas t c research; approxtmete'ly-l Sa tso-eponted as 'performed by
industry;>~:i_n' biomedi.cal '.involvtnq.matn'ly btotccy and medtctne-rareund 5%-,
but for the bioengineering aud-technof oqy-aspects 70,to-:75%-ofcthe basic
research ts performed .by ':industry; tn-space end.terrestet a1- sciences', there
is great variation:by'field. In magnetospheric.research and astronomy. most
extramurally .perfcrmed basic .nesearch.ds done by universities . In .r-emote
sensing. industry interest and part; cipat'ion j ncreases .-though .the activity,
is described as mostly government. In the materials science area ther~ is
currently .a ,growi,ng· in;terest.:jn such.er-eas-ias-aHays.of· di-fferent purities,
vacuum molding and cas t'lnqa.and-oompos t te materials. In such .areas. oft 'is
probable thilt:there .ts good.research.cepebt.t tty -tn .dndust-y. The space 'and
terrestr-tat. sci~nces""ilreas-,,,as:.tn -the other-s •••.seen-to-f nvofve indu-$-trymQre,""
at the high technology endj. :forexample, whewexpensive tnstrunentet t on. is
needed. large 'industries such as ~elllalJ:s';and TRW may be-the only ones
with suth capabilities.

Small bustnesses were said .'t~.~e ,i.nv6.1ved mainly: ·in:the suppor{~'~rvi'ces
area, except in the.:ac:lyanced.:teqhnology·,aspectsof the Hre'sctences .area.,
There the research capabilities of hi,gh technology small f'trmswere mentioned
specifically.

Most oLNASA's support of basic researchinindus:try,,appe.ars to.be supported"
through contracts rather than grants. As with-:.NSF,-- NASA, is. required by­
appropriations legislation to require cost-sharing by grantees or contractors
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 open literature is encouraged
and in many cases is regarded by AFOSR as the appropriate way to report on
the research to AFOSR; the policy appears very similar to that of NSF.

Cost-sharing is encouraged by AFQSR 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 industry 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 fectl ttete-fndus.trf al participation
through submission of proposals or expressions:of interest that ,link their
skills 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 specificity than is the case with the National Science Foundation
inmost of its basic research areas.



8'\1,1

APPENOIX ~ 53.

F~;'?7-';.:Proposals Recvd. by NSF from,' Industry--by NSF Program Element

Other Mpth Sciences
Atomic ~'Molecular Physics
Nucfear Physt cs
Engineer1ng-Fluid Mechanics

. II Devices & Waves
sottdStete Physics
Meta:llurgy
Ceramics
DMR _ .. _.
Chein,1"caJ':: Analysi 5
Sciftware~ Engineering
Internptional Travel
MPE '

TOTAL:

No.

1
3
3
1
'3
1
3
1

n

Am,ount

$ 3,000
95,800

116,700
708,200:

5~:~~~
237,500

·5Hi900
175',200
508,800
50,000
3,066

10,535
$2,481 ,701

STI'

Po'itey Research & Analysis 8
ccoperattve Science Program 2
Cooperative Science Program (Japan) 1
Cooperative Science Program (U.S.S.R.) 1
Sci entt fi.c:Organization & Resources.Rroq. 2
Economt cs of Informati on 3
Access Improvement 8
User Requirement 13
Stud; es of Science Resources 7

TOTAL' 'fO

:701,039
1,500,000

21;.500
27,100
75;000

197,900
805,938

1,153,848
488,613

$4,975,938

Galactic &Extragalactic Astronomy
Astronomical Instrumen. &Development
Aeronomy
Met:eorol,ogy (Atmospheric)
Solar~Terrestrial

Solar~Terrestrial Physics
Research Ship Support
Contract Support (OPP)
Oceanography
Meteorology (DPP)
Environmental Forecasting
Climate Dynemt cs

TOTAL:

2
3
2
1
3
2
5
4
2
1
1
3

29

324;700
74,000

255,300
150;000
397~000

64,701
1,862,447
5,467,177

103,400
181,500

40,700
944,300

$9,865,225
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Public Understanding of Science
Alternat.tvesvdn Higher Education
Continuing Education
Special Stuoies &Experimental Projects
Researcn Fn- Education
Systems Approach
Ethical &Human Value Implications

TOTAL:

AOA

Equipment:"Rental s
Training Contracts
Data Processing Contracts

TOTAL:

1
5
1
1
5
1
4

18

2
2
1

5

55.

$ 500,500
778,320'~

15,132
117,245
486;037

TO,4882'
'496;930

$2,404,652

581,095
43,350
10,000C"

$ 634,445

0/0

OPRM--Other:Studies
OGPP--Feature:Film

TOTAL:

7
1

8

",y;,

311 ~563

.: 5,000
$C73Y6;56~3
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FY 77 AWARDS TO INDUSTRY--BY NSF PROGRAM ELEMENT

57.

RA
Technology Assessment
Environment
Productivity
Industrial Program
Resources
COlllTlun;cations
Exploratory Research
Research Evaluation
RA-Other

TOTAL:

No.
10
25
43

6
13
8
2
2
1

110*

Amount
$ 781,935
3,664,079
2.713.752

385.578
1.179.637

468,887
138.115
120,607
261.480

9,714,070*

l'
Public Understanding of Science 1
Continuing Education 1
Special Studies & Experimental Proj . _,oJ
Systems Approach 2:·
Technological Innovations in Edue. 2

TOTAL: -Y*

203 j100

15,132
124,854
19.890

344.662
707.638*

ADI~

Training 1 17.100
Data'Processing/Equipment 5 ";098.644-. 1~115.744

QPRM

EvaJuations/Studies 6- 295,999*

OGPP

Films/Other 2 28.055

* Totals do not include Purchase Orders



MATHEMATICAL AND PHYSICAL SCIENCES, AND ENGINEERING DIRECTORATE

FIRM NAME

Instt tute for Scientific t'nforma­
tion

Philadelphia, Pa.

Aerochcm''Re?'earch Labs
'Princeton, N.J.

Manl ebs Inc.", . ,~

cemar-tcoe , Ma.·

9/77 Manlabs Inc.
Cambr~,dge,.Ma,'

4/77 Bend Research
Bend,Ore.

, AWARD PROGRAM
pROJECT TITLE NUMBER AREA;' AMOUNT

Data Extraction from the Science 7722736 MPE' $ 24,535
ct tat.ton; Index

Studt es ()C the. Thermodynamics of 7615609 Engineering $ 27;700
Coal Impurity Combustion Products

Cal~u1ati~n:' ~f, Ternary Phase "Oiagrams 7713861 Materials $ 75,,300
by Computer Methods Research

Evaluation of Advanced Cuttt nq Tool 7715577 Naterf al s ' So 64,600 00

""Systems Research "'"
Pundamentels .nf Nenor-ane Permeation 7617291 Eng;neer-l nq s 66,500

~

~



SCIENTIFIC. TECHNOLOGICAL, AND INTERNATIONAL AFFAIRS DIRECTORATE

4/77

12/76

9/77

9/77

9/77

9/77

9/77

FIRM NAME

Capital Systems Group Inc.
Rockville. Md.

Moshman Associates Inc.
Washington, D.C.

Moshman Associates Inc.
Washington, D.C.

Computer Hor;zons Inc.
Cherry Hill.:,N;-J. .

Moshman Associates Inc.
Washington. D.C.

Moshman Associates Inc.
Washingtoti'~-D;C.

uestat Inc';
Rockvi lle'~ 'Md;

King Research. Inc.
Rockville. Md.

AWARD
PROJECT TITLE NUMBER

Research on the Use of Scientific 7718073
and Technical Information and Its Im-
pact On the Effectiveness of Scientists
and Engineers

Data Processing and Other Related Ser- 7715164
vices in Support of the Survey of Federal
Funds for Research, Development. and
Other Scientific Activities. Vol. XXVI

Data.Prqcessingof, Thre~Un;versity 7684638
Surv,e:y,:SiS,~~rn5_; '.FY 1977 "

Co~ifi,c,:i'tion;, --_-E*ptari~dbn 'and' Documen- 7722770
tation of Internatio~alIndicators
Work " "

An~1~sis':6f Dts tr-lbut'[on of Federal 7720867
Fun~s f~r,,~esearc~ -~n9 -_:D~ve1opment

Sur-vel-'of,GraduatE!: Science'.Student 7724140
Support and;Pdstdoctorals~ Fall 1977

New EntrentsSurveys jif Recent College 7727560
Graduates"(l972 and 197'4' Classes) In '
Science and, ~n~ineering

An In-Depth Study of the Interactions 7717943
Between Scientists &the Publishing
of Scientific Journals

2.

PROGRAM
~ AMOUNT

Science $ 86,369

Science $ 33,274
Resources

Science $ 92,426
Resources

00

Science $ 3{),559 >l>!

""Resources
.:-" '

Science $ 28,900
Resources

Science $151,910
Resources

Science $1~7,200
Resources

Sci'en'ce-;'In- $ 49,800

~



RESEARCH APPLICATIONS DIRECTORATE·

FY 1977 SMALL BUSINESS AWARDS

DATE OF
~ FIRM NAME PROJECT TITLE

A~IARD

!ill!illE.
PROGRAM
~ AMOUNT

)!.

7/77 C~mbridgeSystematics, Inc.
Cambridge. MA

Personal Transpor_tation M~des:. _An ~s~_Etss_i'(Ient 77-16108 Tech. Assess. $243,072
of,oU,se.Choic'e' ._. and_~~,ture Pre~~r.el)c:es:

8/77 Gellman Research Associates Large Air Transport Technology Assessment
Jenki ntown .PA

76-80328 Tech. Assess. 48.860

g;....

4.27571~0l663' TechvAsses s .
A06

MaterialsProcess~ Product ModelIntematf ona'l.Research and
Technology Corporation

~Jashington.. D.C.

Kalba Bowen Associates, Inc. A Framework for Analysis of Technolbgically- 76-24067 Tech. Assess. 136,400
Cambridge. MA Induced Social Sffects

7/77

6/77

12/76

7/77

Sci~ntificAnalysis Corp.
San Francisco. CA

Sctentf.tt c Ana'lysls Corp.
San Prenctscc •. CA

Eval uet.tcn Systems for-Technolopy 76.,;82745 Tech, '·As's'es's'. 29 ;706'
Assessments: A Planning Study

;''1
Institutional Variables that~Inipa'ct,the" n"-l5503 Tech. Assess. 153.100
Performance and Use of Technology Assessment - .
Studies

6/77

6/77

9/77

The -Futures Group
G1 as tonbury, CT

J. H. WiggjnsCo.:~·_

Redondo.Beach; ' CA'

Aerochem Research
Laborator'i as. Inc.

Pri nceton , NJ,:

Technology Assessment of Life Exteridi ng 75-10708 Tech. Assess. 16.,728
Technologies A02 I, • •

Risk to Structures from Natural Hazards: 75·09998 Tech. Assess. 30.000
A Technology Assessmen~ AOl

Aerosol Characterization tnRee'l T'lme 77..:11252 Environmentl13.s00

m
w



DATE OF
PMARD

9/77

9/77

3/77.

9/77

9/77

9/77

9/77

2177

5/77

9/77

5/77

FIRM NAM{
":'.- ,,::," ~,. ',- , '. ' ...::::

Meteorology Research. Inc.
Altadena. CA

Nor-th ,:American Weather
Consultants
Goleta,CA

Panametri cs , Inc.
~laltham, MA.

Perceptronics, Inc.
Eugene ,OR

\'J;ll'i"a~ Spangi~:&
Associ ates
Pottol aval ley, CA

Sterling Hebe Corporation
v!ashington, D.C.

Teknekron , Inc.
Berke1ey I,CA

Weidlinger Associates
New York. NY

Westgate Research Corp.
Los Angeles, CA

J. H. }Jiggins, Co.
Redondo Beach." CA
William &Works, Inc.
Grand Rapids, MI

- 3 -

PROJECT TITLE

Application of: ComputerGraphi~s to Air
Quality Data Analysis

Workshop on: Extended Area Effects ~f,

Weather Modification

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

Iden'tif~-i\19 >. EV~lu'~t·i~g > :and"'M~naging' /'
Environmental Risks - Part II .

Pcst-Eat-thqueke .LandUse Pl anni_ng

Dev~"oijmeri~f and Tes'tingof Ri'sk:B'eri~fit­
Cost Analysis -:fQrPolicy Fotmqlatton

An ~Ana(yst's ~i:rfUrba'tihr8uglit: "A' case'
Study of the San Francisco Bay Area

Underground Lifelines iri'~a'Sefsmic '
Envi ronment

..... ,

entnves ttoatton into .the .themts'try of the
UV-Qzone, Water Purification ,Process

Cost-Benefit Risk Analysis of Research
Budgeted for HazarqMitigation

Use of Wetlands for Management of Pond­
Stabilized Domestic Wastewater

A~~ARD PROGRAM
NUMBER, AREA ~

77-12487 tnvtrcnaent, : 133,1,9°,::

vr
77C15028 Environment 30,800

75C23902 Env.i ronment 37,200

77-15332, Environment 208.}Oq ,

213,200
00

76-B27.5.~ Envi l'jonme,n,t .,.
<:»

77-15501 Envfronment l54~OOO

77ci 6283 Env'i'~6n~'~n;t' 341,200

76-09838 Environment 42,)7°
A01

75-24552 Environment 93,600

77-08435 Environment 40,900

76-2oaj2 Envi ronm'ent 6.400
A01 ~

?'



FIRM·.NAf<\E

H'a rmoiwj'n ue. erent te Co.
Elberton ,:.GA,

Ho~osoni~s, Inc.
Rich~ and. JIll.

Holosonf cs., tnc.
Richland, 101ft)

Holosontcs ,_ Inc,
Richland,o·WA- "

Ho'lcscritcs , Inc.
JUc:h1~nd, lIfI

IRT _Ci:irpo~ation
San Diego,' CA"

; ".>\ . ".: ~- .: .. "
:' lrmoc~p~ ':,.l.TIc.
Dallas, rx

I;hteg~a'ted;;Sciences Corp.
'Santa Monica. CA

International ~iagnostic
Technology ,
Santa, Clarao; CA

'Ke'i logg Corporation
Littleton. CO

Koba Associates, Inc.
Washington, D.C.

- 5 -

,PROJECT TITLE

. Studies of Improved Gran,ite Cutting
::Techniques (,'

Scanned Acoustlca'l Holoqr-aphy for aectcntc
.Predf ctlon .

Scanned Acoustical Holography for Geologic
Prediction,

Scanned Acoustical Holography for Geologic
Prediction'

'Scanned Acoustical'Holography for Geologic
-Predi ct i on

:_'~~i~t~;~;Detection" or,_A11 ergy Jisi'ng'Hul11an

!Fede;alAssis~~n~e,Delivery:Sy~tem
Productivity - Small Business

\)hu~l; Fee'dback .Speech Jr-atn'l ng System
for the Deaf

.:I~proved;'Me~bod~; fo'r 'fti~"'Rapid Detecti on
of Microbial Contaminants

'R~~bu~~eAlloc~tion S~ste~'for Construction
Industry Managers

Condition Fore2a'st-:' ~cci~6iniC Welfare Among
Retirement Aged Blacks in the Year 2000

AHARD PROGRA~l

~'.~' ~ ~

77-03288 Productivity 60,800

,77-20075 Productivi-ty, 131,600

77-20075 Productivity 107,353
AD]

73-032"0 Productivity 49,900
A03

,':
73-03200 Productivity 51,617
A04 00

~.
~77~1972' Productivity 24,64,6

75-2.085,6 Productivity 55,;900
AD]

*77-1988;3 Productivity 24,4;74

*77-19701 Productivity 25,000

*'77':'19782 Productivity 24,953

76~83410 Productivity ]73,200

m
:--'



- 7 -

9/77 T~ti~~pac~, ~nc.
Rockville. MD

9/77 Terra Tek, Inc.
,Sa,1t Lake City, ur

9/77 'i'e'rr'a Tek~"'In'c''-'
,,~a.lt Lake, City, ur

:':12176THe' Fut'ures dro'd'p
>'!Gl~~ton.9u~y. GT

A!~ARD; PROGRAM
NUMBER ..8!illL... ~

77:17354 P~~d~~ti vity i2d19

76-84200 Productivity 50,300

~77~1~804 -Productdvf ty 22,012

u..
*77-19526 Productivity ,24~970

00

~77-l'9461
',';,

'2'(~93
CJ1 .

Productivity ...
76-$4021 'Produ~ti vi ty 160,'900

75-01067 Productivity 23.200
A03

74-18714 Indus';, Prog. 4,720
A04

77-09749 Indus. Prog. 49,900

~

:"

PROJECT TITLE

~ydro~~echa.rical Sensing of Deep Hole
D~.iP; ng'peviations

Re'i~'a:~ch on 'th~ jsimplificatio~';~'f:~~th~:ds
for Measuring, Fractur:e To~ghnE!ss

A':S'tll'd}i 'b¥\h'e' Consequericesarid)i po1ie:.y
Implications of Increased Unionization
of,Cpurt, Pers,onn,e,l

An Evaluation of State Level HlIman Resource
De,' i very.Prcqrems : D~sabi lity."Comp-ensation
Programs

.~tudy of' ::Governm~n-t'~:i.ndu'str'y,'Cost~Shari n9
as aniJn,~entjye; ,to"Je.ch!1QJogical .rnnovettcn

Studying the Feasibility of Automated
Handling and ,Jr~n~fer 1echniques for the
Poultry Processing Industry

Decfsion~R~l'at~:ci':R;e~ea~ch 'btl Technoi~gy
:;fyti1 i;zed,by ,L,ocal·Gqvernment,: Refuse
, <Goll,~ction" ~hil~eJI,

Research Identification oLt~e Nature and Frequency
,pt; the Product/Service~ro~lem~.~f;the
Consumer

Hydr~ul tc _Bu~~fing:ofcon'~'r:~t,~::~'~d,'~'ROck

FiRM NAME

Manalyti cs , Inc.
San"Francisco". CA,

Mar-Jac Corporation
Ga i nes vi,ll,e,:' GA "

__~19,~,kers' Disabil i ty Income
?istems,:, I nc,
WaS:hin'gt6ri'~ 'D.C:.

'Stearns' ,Corirad, & Schmidt
,.Co.nsulti.ng ~n!Jineers
. Tong:'.Beach. :'CA

"Techrical Assistance
",P,:,ogl'~ms';,Inc.

'Washington, D.C;

8/77

9i77

5/77

12/76

"~~~~RgF



6/77

11/76

5/77

1/77

8/77

1/77

FIRM NAME

Exper-t encedResource
Group', Inc.

Baton Rouge, lA

Capi t~al ,Sy5 tems~roup
Rockville, J'1O

Courtesy Travel
lJashington, D.C.

Courtesy Travel
Hashington.., :p.C.

'ck Young Productions
. york, NY

pa Systems
,:1.ington, VA.,

Medi.a Four Productions
Hollywcod , CA

Media'~our ProdJ~ti~ns
Hollysood , ;CA

Vision Associates
New York, NY ,

- 9 -

"PROJECT 'TITLE"

Alt.ernativeFood De'l tver-ySystems ­
An Exploratory Assessment

Support Operations, for, the RANNTechnical
Information Program

Travel 'Supportfor RA~lN Sympos tum. Speakers

Bilateral Research Coordination Meetings

Preparation of Treatment/Concepts for Four
RANN Films

:':: ": ',::, ''c'''. :__ ::",,:: ::",,'

RFP 76-120 ~ Provide Expert and Technical
Adv;c,e andServtces for. the Pj-cductlonend
Staging OT a RANN.Symposium

sreoarettcn of ,Treatment/Concepts for Four
RANN:Films.

RFP 7F-102: Production of Four RANN Films

Preparation of Treatment/Concepts for Four
RANN Films

A\~ARD PROGRAM:'
~ AREA ill1Q!!'iI.

77,071B4 Resources .. 7;700
A01

76"22472 Communications 260;377
A05

77.-01320 Communications 40,000

77-01320 comcntcet.tons 1,500
A01

77-04862 'Communications. 5,000.

76-23498 Communications 38,600

77..Q4861 Communications 5,000

'., .j'"

77-17353 Communications 113,410

77-04863 Communications 5,,'000

00

""eo.!

7/77 Design Alter·Tl.B,tiVe.s', Inc'.
Washington, D.C.

Workshop to Identify Appropriate Techno~ 77~~1824
logical Responses to Resource, EnVironmental.
and Social Challenges to the EconomY

Exploratory
Research.

84.515

::i



- 11 ~

:\TE OF
:\~!ARD FIRM ~IAME

3/77 Information Transfer
Rockville, ~1D

5/77 Impact Assessment Institute
Bethesda, MO

Problems of New Business Ventures Utilizing RN';71217
High Technology 7SP0795

PROGRAM
.ss«: AMOU:IT

Tech. Assess.' 8,700

Environment 6,250

Indus. Prcq . 9,707

coseunt ca:~i ens 5;832

A'dARD
NUMBER

RN-2401
7SP0740

RN';2556
7SPOB06

R~-77026

7SP6756

RANN II Exhibit

PROJECT TITLE

Revised Bibliography of NSF Technology
Assessment Projects

Proceedings of Conference on Sludge
Management

International Planning
Management
B8the_~da ,I~D

Ka,PP'a:':,'Syst,~nls: Inc.
Arlington, 'VA

'./77

j/77

"wards made with funds carried forward from Transition Quarter:

76-10166 Resources 12;000

75-16374 product-i vity '12,900
A02 '

00
0>.....

1 ,000

7,500Res_~.arch

Eva] ua,t,ion

Envi r-emnant

7;694,142

Subtotal: $ 7;669~242

RU-6961 Inter-qover-n- 9;959
7SP0970 mental Science

'----

Information on Federal Programs with
Maximum Impact on State Policy Formulation

Statistical Analysis of Data Collected RN-0745
on theEveluat ton of RANN P:oposa.l,s lSP0453

Implemelntation'Measures to :'Re'c1u~e' 'Earthquake RN-6182
Hazards of Dams 7SP1044

Development-of a Methcdologyto Forecast
Events' Affecting"Productivi'ty

Workshop on Eniyme Eco~omics

underwater Systems, Inc.
Silver Spring, MO

Woodward~Clyde-Consultants

San Ft-ancfsco, CA

Harold'~Ji se; Planning
Consultant

\'Jashington, O;C.

Fcreoes ti I']g Internationa1
Arlingtol);"VA

Bernard Wolnak &Assoc.
Ch~cago, IL

3/77

\1/77

3/77

1/77

,3/77

* Awa~ded under Program Solicitation 77-12 - Small BusinessinnbvationApplied to National Needs
~

'"



.BIOLOGICAL. BEHAVIORAL, AND SOCIALSCI.ENCES DIRECTORATE

DATE OF
AWARD

8/77

FIRM NAME

Institute for Scientific Informa­
tion

Philadelphia, Pa.

PROJECT TITLE

A Citation Index for Physics: 1920
to 1930

AWARD
NUMBER

7714957

PROGRAM
~

Social
Science

AMOUNT

$82,700

00
CO

:CJ..:l

~

m



DATE OF
, AI~A!!1L

2/77

11/76

FIRM NAME

Dick Young Productions
New York. N~Y.

Executive VideoForum Inc.
New York. N.Y.

OFFICE OF GOVERNMENT AND PUBLIC PRQGRAMS

AWARD PROGRAM
PROJECT TITLE NU~lBER ..A~ AMOUNT

Treatment/Concept of NSF Film 7708839 $ 5,000

Content Analysis of Videotape from Community
Project: KnOWledge 2000 7684534 Affairs $23,055

~

~

00
0'

'"
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Table 5-9. Dislrlbullo'il ol):loclo,al "clenllslS Md "engineers.
by lield, 1973 and 1975

Number Percent

Field-; 1973 1975 1973 1975

Totel 244.921 277.517 '"' '"'Physical sCientisls 53,425 59,267 za "Chemists -. 33.061 33,734 " "Physicists and astronomers . 19.544 20,483 a r
Mathematical scienlists and

computer-specialists -, - 16;458 18.204 r ,
Mathematicians. 11.984 lV29 5 5
Statisticians 1,531 (813 t ,
Computer specialists. 2.943 3,662 , ,

lire scienlists . 64,540 72.316 ae a
Biological scienlists . 41,035 43,754 " te
Medical sCientisIs • 11,612 14,285 5 5
Agricul1urel sctenusrs 11.893 14.277 5 5

Environmental sci,mtislS . 11,074 12.783 5 5
EarlMscienlisls . 9::142 10.076 , ,
Oceanographers': . 1,227 1.353 , ('J.
Atmospheric scientists ,,, 1.353 t' ('(

EngIneers 37,569 44.425 is re
Psychologists. 28,288 31,613 ta t t
SOCial scientiSlS 32.773 38.251 ra "ECOnomists. 9,678 ' 11;04g , ,

Sociologists and anthropologists 7:455 8,775 a a
Other social scientists. 15,640 18,427 , r

Field not reported_ •. ", 65' ('( ("

.'. Less men 0.5 percent.

NOTE: Delai! may not add to tctats because 01rounding

SOURCE: National Science Foundation. Chafed/eris/lcs of Docloral ScienNsts and
Eng,neers {OJ Ille United St-ues, 1975 (NSF 77-309). p. viii.

See Table 5-16 in lext.

79,
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81.

Table 5-15. Docloral R&Dscientists and engineers'
by field and Iype 01 employer, 1975

Field Total

Business
and'

industry

Four-year
collegesand"Other
universities Government employers

'.~umber

AU fields'
SCientists.

Physical scientists
Mathematical scientists.
Computer specialists '. '.
Environmentarscientists' •. . ...............•.
Lile sCientists .
PSYChologists and social scientists .

'Engineers •.. '••','..••...•••

All fields'
SCientists .......•....•........•.

PhysIcal scientists .......••••.
Mathematical scientists
Computer specialists.
Environ_meRUiI sci,entists' .••.• ,.,
Ufe scientists. . .
Psychologists and social'scieritists •

Engineers ••••.

113;796 45~352 - k1':776 15,470 11,198
88,830 28.489 37.819 12.891 9.63\
31,753 18,010 8.322 3.321 s.ioo

3.154 m 1;776 495 m
1,892:: 1,137 4,18 ,as '"6,236 1.553 2.147 1,874 662

::\3,847 5.711 19.070 5,386 3,680
11.941 1.367 6.079 1,630 2.865
24;966 16.863- 3,957 2.'579 1,567

.Percent dlstnnuttcn across fields

'00 1~~ "0 "0 ""78 er 83 .86
28 i" '" eo " is

3 2 4 3 2
2 3 , , t
5 3 ,,__,5 ta 6

30 ta 46 35 33
to "C'3 15': : t t 26
22 " 9 " "Percen',:listrib,ution,across types or employer

All fields' .
Scientists. . ........•

Physical scientists
Mathematical scientists
comporersceciansts
Environmental scientists', ••.
Lire scientists- .•.
Psychologis\S and social scientists

Engineers

'00
'100
100,
"0
100·
'00
'00

'100
'00

"43'."

26
56
22,,>-

"56
51.
te

"isto
te
to
30
te

"to

to
u
7
5
8

tt
u
24
6

'Ttl'ose Whose prim~,'y wOrk activity is R&D or R&D' ma'nagemeril.
• Includes 7 who did not report their field. "'.' ,,;'
, InClu~.es earlh scientis,ts. oceanoqrapbers. and:almosp~,,:ricsc,i':~ti,~t~..

NOTE: Detail may not add.to tctats beceese q',rou~din9:

SOURCE: National Science Pounoatlcn. Characrerisrics of Do(;ioral Scifintists'andEngfneers ;nlhe Un;red Stales, 1975
(NSF 77-309)",PP. 50-53. •

See Figures ,5-23 and 5-24 in texl.
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Rand n outout, j.e~. .tn terms of.technic~J"ch~IHJe;•. the .contri~ut;on of

,small fi rms may vel J be much greater, then thts;:perc~ntage,. Un fortuna te :

very 11ttl ~ has been \'IT~i Hen about Rand uof. sma11 fi rms ·oraqout P. an

D that occurs outs.tde-the context.of-: a, toroal .pr-cqram.due.,to:the-·l eck O'

bestc data concerning them. '-T;here isa considerable amount of l.i ter-at:»

concerning Rand 0 and firm si ze , but the smallest firms considered arc

generally larger than our small firm definition. The minimum size of

the: typical firm .cons tdered- has-more .. than J.900 el,nploy.~~s and, when :;IJ'~

er firms are included,,}; rms."wi th Ies.s tna!"!,l ,009 einp.loyees ere-junoed

.toqether- as the. .sma l Ie..s t s t z,e, cl ess, tonsequeptly, some of the rqsul ts

reported here. are-fer- .tht.s s t zec tas s ~ndl' a.-r;:?, noted, ,~pecj fica 11y.

W.e.\~ish, to ·dis.tingujsh, :~mong. the thr~djfi.er:ent-»LQ.Q!Lc;..t...£b~qfJ(,_~D,

JL i.e.,.i~.'JBntipn~ devetopmei'ttand jnr.oPlXt~~.on. BY',invelltion, venean

~he, .pJ:'OGUC ti,P,I} or a nodel .:qr?n i de,4:suffi~tentJY deve'loped" too'be.pe terr

.1,t~,~~,; ',)here,arc important Jnventtons , .espec.t ally il1i t,hefqrm of. Jdees ,

_th!\t.,}~cl!;l dn<?t~:be,co'l£!red by-:th,i s, ~,efJni,tion; however,for.: o_ur· purposes

:th~definj,.tionhas subs tant i a} advantages of sp~c:jficity., ,Dege:l.0pr.:t"mt

refers to the process of bringing the. dnnovetton JO 'thas taqe of conner

cial application. By -innovacion, we mean, the actual adoption of the

d~veIqped,invention._

none oCt,hese det.tnfti.ons .i~ enti rely set t sfactcry, put ,they do .convey

useful .sense (If disti,ngui sbab 1e product pheses . The actue 1,.~efi,n-iti on

not v,eryimportant,.:> i nee there is, so. Httl e, empt r-ical, workdi,sting.ui shi '

among these different phases under any rea.sonable-d,e;~jnitioTl because

there are little basic data available. This is also unfortunate for eli'

purposes, stnce an appreciation'ofJheseprodL!c-t, phases is germane to

qucs ttons about the role ofemaf ! fi r-ms in Rand D.

'~1 thcuqh ". t?~:~e\s'-,a ~on~i'd~ra'61~.,v,0 iUl~~'of \1~rk c~A'~~~n:ing'l~~~er, fi nus

and formal R 'and"D programs ~ this' a lmos't' unlforml'y"'suffers from" i~rorta;
·."c_'.·; .":'.:, :::c, "." ·'1 ·..:: ':,,:', ,.. '.' c. '-"', ..':.".'

'l tmt tattons whcse ef fects are to leave' many of the imp,ortarrf"~1l1piric"l

and policy questions unsettled. These .t tmite ttcns arise from basic Pl"):

Iems such as the absence of any \'lell-r~ga,r~edmeasure:,Of,~;:md u outpct
or input. Some regard Ill,easures of R a;id 0 input 'as the b~st mea~iJ-r(,0T.

-R and D output:,""biit the"1 imit'ati Or1S'of:'slli:th"rneasures,: .espect a'Hy",fn'c,~~

sieleri ng the'ef-fi denc)!' of :R;(jnd uexpendt tures , i s'bbvious',' Beyond th

~measijres:':o( R ifnd'; OinpiJt·siiffer:;from':l imi tattons of':tlie-Jrown. ': Iecbnt
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Peterson. Forra sumoIe of Nebraska fi rms.th:ey found fha t 38 'percent of
firms wtthJess th~n500 employees' engaged inR"anJD.i7 Ttiis is con­

sistent with' the results of a ques t.tonnafre stud'y' 'c'overihg e'i'ght' states
by Ncconne11 -end Ross , 1 8

Confidence in the Hi::Col1nel1 urid PHerson and 'i~cConl1e'11 and Ross results

is increased by -thef r cons t s tencywt th ther~su"ts of an eer-lter Harvard
study conta i ni ng 'a~ "similar de"finftiotof Rand' D.. CFor--th~'eah'-y:1950"5:.

32 percent of firms wl th Iess thaii":Sdo' e1np"l'ojees had Rand 0 'programs.
, -, " ' .. , . ',' ~-,' .. '. ", ::,'

!..h~_~e!!.~_~~~~~_._~_~~~n~~~n t~~ s~.u_~~_~gLt..~tai!l_.!!JesLr~s_~U~.in­
..sJud~q th.€!. improvement.of existing produc:t~I}SLtJl!L.Q.El'L?J..QPJ!!9!!...U~w

J!T09~f_t;_~~"~ew·"~~~i~~_~iQE__~;t~2.~-:--Th~·-defi ni,t,ion',1x'c l'uded rna rket' re-
search, qua1ity~~ontro:~ and product t~stihg, and Rand n performed by

part-time perscnnet :arid by sped a'lis ts' extirrnii'l' '~to 'the "f'i'rm. uhen the

definition included' part.:.fime rer~on;ne1'~rlt'outsi'de SPecialists",' an

additional 7 percent of :tiH~firlils'qUali"fi'ed'-fcircategOrizat-iona:, having

Rand D~rograms.

Where results were repor-ted by industry, ewtcever tancc was found .in

the percentage o{:sn'l'a'll' fTrms'\~ith anR:and O'rll'ogram. "Forexemple , in

the McConnell anJ rete-sen study"'th{s' percenLagevaried from 'a:'t{igh "o'r

68 in the chenrtcal industry to a low of 13 percent in the transportation

equipment indiJ~try', Siz,edifferences amollg s:liall.: f.irmsis the major- ex­
planation for this :varia:rice.: :Yhe 's tmpte re1ationstl'ip 'reported by

----McConnell and Peterson between firm s taeend the'petcen't:age o'f firms' cn~

gaging in Rand D was s'tr-l k-i nq. Only 11 per'cent 'of'rirffi's wi th one to

five employeesen'gage'ci in Rand D', but 'th'is"increa's'ed to 93 percent 'for

ttrms in the lar~~st category i.lf151: to 500 :empl'oyees. The s'ain~trend

is found when firms:\-/ithrilore th<i'n:SOO'emr1'oyees are cci:n'Sid~red" Even

if the hi gh-38'perientflgu~:e suqqested by' M'c'Ccinriell"khd Peterson as the ',e'

portion of small firms engaging in Rand D is accepted as reasonable

(and I think it is), larger firms have std1 higlier' pe'~ceiltag(rs. The

relationship appears v'ir-tue.l-l y.-nionotontc with sf ze .

The probable -ree SOilS for this .fectcr -ere ·s traightfon....ard and -dmpor-tent..

The mov t bporta"nt .rcason i s,'thedi fferentt ,)1 ifinanci al-cons-tretnts-feced '

by smaller firms. Ihe eva t l abt l t ty cf_capita\Js often thecrnctal,

ques t! on detemtnt !19'the .survt val-of" the sme11fi rm. -Peseerchand deveb-"

opment imposes :acilpi tabdre in .end. i ncreases the .vulnerehibi ty of 'the

34-270 0 - 78 _ 56
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accounted for- about 65 petcent"-\l'r R and,'D sp~nd'irlg-aSrePl1r''tea by th(Y~'

Nat tone l Scieike FoJridatioil; end bY'1975'th1~ -fi9ure'haX-d~c-iihed to"

about 58 percent. n ,,:Since federa~'~ and D 'TUnding?g~·es;mal·hlY··:toi,~t~feF
~fi TTl15.• thi 5-a '-one should '(;ontribut~ materi a,'11: to' a' ret ati onsht p bet\ole~n':' r ~-~(

firm size and R'endu stze. Evenon 'a percent.ape-be s t s , th'e'djsci"!?pancy

is large. In 1965. federal funds apparently financed 57 percent of large

company R andtl~btt funded onl) about'3S'perc'entJ(Jf"R'"ri'(j D'for'ffrrlii/

with 1es s than 1,OO'Oempl oy'ees: 23.'· Prob'abij fo-r~ n rms'-wi'th less' thdn: 50'0

employees. the'percent',ige \'Iasrriuth'less'thah half of this; Hhen tedera'l '
funds' wera exc l uded, Sm'ith' and, ere-arne\- :founcf:eha't 'Ran'd' b exbendftur-es

as a percentaqe of sa1es· t~11''from -S 'per'cent'{o'2': 1 p'ercent for the 'ler­
qes t size class and fr{lm 'o'nly' '1. e to 1'-4 for~' thef r 's'ma'llest size cle ss'
of 1ess than L'obO;'emp1'oyees'.'2'+'

However. the' surprising' re!suf't is that "a.'mcng '-'S:t1i'\ll firrns'Uie relat{c;'ns:hip

is generally quite lieak' bAween 'firrri's ize ,/rid R' and :'0' speri'diri9,; For

J.lctormel1 and Peterson's sample. a simple 'regni'ssl'onof'R and u empfcy­

ment against the ,number of employees indicates that- only 34 percent of
Rand D variance'i s explal'nedby'firm size', 2.'1 Separ-ate ,'regress ions ";'n­

di cete a range from'72 pcrcent For ' the chem'l cal industry to a.s-percent
for stone. clay and'glass. Again.there;s son~ 'tenoency'forthe re­

lationship to be' stronger for th'~ mcrecep'ttal-f ntens tve 'industries.
Smith and Creamer;',s 'figures show that 83'pe'rdmC'of thi:!:R and Dprogram

of firms with"fewer than'l.OOO"emplO'YEies was lesf-than S58~OOO in 1965.

This generally meant a staff of'hlo"p2ople.

Intensity of Rand D 'generally is measured, by R'end D emo Ioymcn t or ex-'

pendttures as ai percentage of'tota; enpl oymen t or seles . rkConrie11 and

Peterson show a: marked negattve relati onsht p-Betveen R'ilnd;D,in'tens t ty

and firm stze , where both ere measured in emp'lcysien tvterras . Therank'

negat1ve relationship bet"·I~en firm size'a'nd Rand D'is. pet-feet for th~ir

sample. 2 6 Research and deve'lopment Yntenst ty falls steadily from 42

percent fOr firms of the smallest size class of less than five tmoloyees

to 2 percent for f,irms of the largest class of between 151 end :'00 Dm-. ,
pIoyees . Probablythere is a mi nimum size necessary for a successful R

and D program-. This means that~ihi le fewer s\l;~l~f~ res under-take Rand
D. the finns tha't~do undertake the effor-t have programs larger relative

to the size of the firm;

98
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are among the five industries found byGj-uber , I-lehta,'and Vernon to be 'bi
dominant and crucial importance in U.S. 'exper-t trace 'duetc theirR and

.0 characteristics. chemtcef s-wes-one of the-ether five incltistr'ie's and,

'~ccordi n9 to Scherer. exhi bitsdiniirii shi ng r~turn~:: to"-R'-atlfto 'input' ex':::'"

c'ludtnq the largest firms. 30' Scherer measuredjnventtve output tnteis t ty
'in the form of patents rather than input'intensity_' The chemical";'rldus­

try showed decreasino returns ofpatentioutput-Eo Rand 0 uhtif it
.reeched sales of about $1.5 billion. at'which point<'increasing:retLirns

appeal-ed. This effectwas-due to essentially avery few 'g;'a'nt ch~midal'

companies. ~lhen'Togari.thms of the::'sale~'variables <Ne~taken to compress"

the effect of the"fargest'firms and' the r'egressionis'rer'un, diminishlng

. returns occur'thro'ughout. The electric'a1"[ndus fry aIso ''ita's found-by

Scherer to exh-ibi t-d'imi ni shj nq returns';' The chemical and 'el ec tr-tce I in­

dustries were, the orily twoindustries'forwhich'.;separate; unaggregatli!d"

runs were made;

Scherer's general results are fairly consistent wt th those of lkConnell

and Peterson. Scherer found that "inventive output increases wtth firm

sales; but generally at a rate less than p-opor-ttonal ." The less' than

proporti onaLcontr-t but.ten-of larger firms to i nnovatj on j sea 1so: cons i s­

tent (except fOl":their results for .the-largestfour firms) with the work

of Johannisson and.Ltnds trcm-! for S\~edis!:t,firms;inb/elveindustrial

sec tors .

Quite different results, generally for a different set of industries, are

reported elsewhere. l1ansfield32 found that maximum innovational inten­

sity occurred at.about:,the,.size of the sixth largest firm in .the petro­

leum and coal industries-and at about the size of tne' twelfth largest

ff rm tor the phar-maceutica l tndustj-y.whsn patents_,are'\'Jejghted",for,;mpor­

tance, and at,a",s1i.ghtly 'larqen.size when they are .not. ,Freeman33 found

that firms wt th. 1ess than 200 employees accounted .Fer. a. much sme 11er

proportion of the innovations than their share o.f emp'loyment or-net

worth. Their share of innovations was slightly less than one-half of

their share of enoIoyment .and .net. wor-th. However.,:the bias tovard-Ierqer,

fi rm Rand 0 produced by government funding, may. bexcns.t dereb ly greater

in Britain than in.the United Statesc..where f t is nevertheless 'impor.tent ,

Possibly the disprop9rtionateshare of,larger firms t n R aod.D it'! Brdte tn is

a consequence of.;~.greater proportion of R and Do funding coming from the

government there, \:iith.: cl. S tmt ler bias toward large fi mrs.

1.00
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tndus trf al Tebor-atortes . In tawey, ~ltlel1er'"s re5i.Jl't.s4 i, are eVe~~lo.~e

s tr; king. From a sump1e of -the twenty-five nos t tmoor-tent trmcvat tons

-·~~tuallY dev~loped~Y~llPontCo~:~ -in'the'1920-r950'~eriod:.\~,_fq~r,1,dt~a~
only about 40':percent\~ere discovered initially 'in DuPont's laboratories.

Thi~L_i~ espec i al Iy impressive since the findings r~late to an indust~y

in which economics of scale in Rand 0 have been. noted. espec t a lly among

the very largest firms. of which DuPont is one;

Even more persudslveevldence for the thesis, advanced here that smaller
firms have a,comparat.ive advantage in inventiVE'm~~'{is found'inthelit-'"

erature SU~V~~' Of~am~erg;;'2 \';hO;'SU~~eyed"sit6dfe~',wit_~"~ixdiff~r~nt
semples of-_ nia:ior inve~tfons.,· He_conc]ud~d .that: largeind~str,i,all,~b6:ra­
tor-tes fn,a iri'ly tended to produ~~"'~~f~~~-";;;;~~'ti~>.;·::~oth;;·-i ~venti~e'-;~~";;;s
P~o(f~ced -more-Tiiiporti)"ni 'r;;~n't'i ~ri;~_NL i7~~:" th~~~" i7'r;;T~Y;~'s~t~ong,'~;;r:""'''''­
de~~~~th;'t·~~~-.~&~ t _-_ i_mprrt~'~t-r~~~lti ~ns"'~2;~~'~fi-b'~~~n;ii'~fi'rm~:-o; sorr.,~~·

"~ti~~~~··o.ne':'pe rs'o~~-o'p~ r~t i:o~ r~~o'r~f~~~)~ademic7e}~tlng~:'--Aslfa~\De 'rg.2.riot~SH.'
"';'~::-the probabi11 ty" that in~e'~tio";;~"~i 11''be' ~ i;~i'fic~nt -thus appear to

decline es- a 'fi rm gets 'bigger--<:"'li 3 Schl.i~ad1er;'sli4 ""irr.~ "":i~ 'bealltifu'l'i
/, - - - .: . _."'- - - '---- - -, " - ~', --- ::. - ':;',

thes is may be' espect al'ly .t~uefor .tnventtvenes s . It:~P?,~ars 1i kel~, t~at

'independence,'freedomfrom bureaucracy and: perhap~: personalities ~~ti­
pathetic to that of :: ttl~ "oi'g.ifnizatic)n man;' a're :~har~~teris ti~S associat~d
w5th inventiveness. Greher tnven itveness 'per~ap5'l'iot!ld be achieved if

a qreatervpor-tton ofR and D resources were l~'~e~:tedby ~~~fler firms.

However. not 'only are" sma 11 er firms more likely·to~pr~duce norejnven­

tions, but also they are likely to do so at less c'ost.·· R\nd D~'xflendi­

tures per ~a tent pen~ing,by s i.ze, of"fi rmfor s ix di.~~,e~ent i~;~us.t?_"

groups (machinery. the'miceIs , 'electri c.eout pment•. petrol cum, 'i.nstrwlents

and all ot'her 'industrfes)'for'l953 showed ju'S't' such i\ pahern."'5 j In

every industry 'except chemicals, firm~:em['llo;ingmore' th:a'~'s'>O,o{l peopte
spent mereper pa tent than -'-di'd Yfrmsempl oyi n9 less thaf1 1;000"peep1e.

In fact, 'the cost per pateli-f:for thela:rgerflrm~ was abdut twice that'
_ .. "'"-~'~'~' _,.. __.-......,..,......,.,.,.•.,',.......,,"'._~," ........,,_""""'~ ...............-=-.~,_. --....-.__ .w-_<

for the smaller firms.--......,~.~.,-- ....~,,~._._~.,---'~--. ----",,:"

The notion ofinveritions of cecreesedfnoor-tance at tncreesed cos t is

ni cely consistent '.with' Comanor'sstudy 'of "the rha:rmaceu-tica'lindu~t~Y.\n
which he found that "m(lr9ina1 pr-ocuc t t vt ty of professional research ap­
pea red i nverse'ly re laCt;ci"t~''.fi'~,;,''s i~~'.' ,;~._--,-,,~---,- ~;'__O"~_' .",.--, ~ ,

_ ..............,_.. ,__.... ,.' "-7-~"::--·· ~~T_"-:: __.:,---~~ ..*.;;.;;.-
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Unfortunate1y ,Connor does no t separate i nvent'lon fr-om de vel cement or

innovation. His ques t.tonnef re includes the three stages, which is some­

wbat at variance with the, hypothesis her-e that the: primary comparative

edvanteqe- of- small' ccepent es ,:1'; es .tnrnvenrtcn, not tn-deve l opment ' 01"­

innovation. However-, meny of Connorvs tntervlewees were from the elec­

tronics industry. From .the material' presented f n the second section of

this article. this appears to be'anarea lnwhich R' and-O int~nsity is
greatest for sma11 fi rms end; .thus , 'probably the sum of- 'inventive and

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

But. Connor presents a study of the pa re llel deve Iopment of a product by

large and sma11 chemj7;;'"~~;;p;n~~~~ts"'iof "th;-'~j;l~l T"~;I~P~';1~7Tt~o'" re­
sea rc h pers onne1),;~:~~,e.,:,,~~~.~~,~~~,:-:~i g,ht1:'~hq'~·~.:2t'-~.~,i:~.,r~.E~;,~'~~~;{inR~Dy.:, Pe r~
haps one should emphasize. though Connor does not:.... 'that this product was

one for which, the small company knew tha t. a earketexts tedbeceuseof

customer requests and one fol'.' which development 'costs were not hrge'

{prcbabfy about $15.000). The pointts that 'the risks "associated wl th a

developwental expenditure were not large and thatcthis wasa' fea~ible

project for a sma t l.ccompany. Certain types of' pro.isets are·:'cle'/lily nbt

suitable for development by a small company because of the specfe'l f zettcn

and investment required.

Further indication of the relative inefficiency of la~'ge ffrms' in the

production of knowledge is tndt'cated by Sandersvj-esul ts''? that reveal

that the hi ggest 'companfes use about 50 percent 'of' the; r pa'tents;' ~jh'i1e

the smallest companies use' about 76 per-cent'. S'irnil ar resul'ts are shovi,n

by the Patent Foundation of'Geo'rge l~ashfngton University.50'

I
Evidently, as the ei zeof the--,firiliincreas,es'. thereis"a'decHne in the'
i;;-O;tanCE!~o'f 'lts"'"l'-riven HenS-;:7ij11'" fnt:rea's~e"ih~~th'~:~:2'oi t','p~'r';i h~'e~t'i, 0'0 ";:'~~

decfine"Tnthe.,p:~.oP'o~~io~ of pa.tente1f in"';entFrihsused· co~nle.rcia,l)L.<t@.~
~f~;;;;P~b~'u~ts:'"ij'n' '"i;;~;~-~'~';~i ~:~th;;'d~-~;i~;;;;;; t,-:'z; ~··~'dP i~;ehtion.
'" • ~.,..,~,_"..... .,~",;..,;,';~~__,""'.:",.,.-",,.,_.. , C'_,~'_'.. ,,_',.,.-~,.,,;,_._•• _' ••_.~_"__ ',,,"•• o'_" ', ... __ ..... ,' .. -

! -- ---- . -- -- ". ,'------.,
The argum~nt bl i n'9 .made her~ is not- ,that: !:.ma'ller firms are more' cff;·ci ent- '

in Rand D. but that they are more efficient tn-cer tef n, csbeciS'll y

t.te l , stages o{ the product cycle. t.e .• in inventiveness end even in

development'. i n;!ccy·ta th'tnstances'. We' :atso-areue th;1 t' the,iilre' rete t.tve ly
more efftctent 'invcer-ta trr.f ndusti-tes such as' stec trontcs and sCientific

ins truaents . Jh i s. vtea sees.a-cer-ta i n ,'camp1emen tad ty':beti'le'en'l erce' and·
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large for developing an -Inven tion into usebl'e' "form' is.of-toi.Jr'se~; im'por­
tant in its own' ri'ght. : Buti·iha"t'gi"ves','fr asped'a'l' lJl~ge;ncYls ·that it
-suns. counter-to current r.iyths~created by' Scht.:inpeler!;$ 'and emphesizedby

Ga1brai th5F r e'ga:r'dfng firm':si'iifa'n'd's'trU'cbi'r'eand: hihQvit;eln.' '$'ch'Lh'r,j:le tei--' "$'" ;
hypothesis is usually interpreted as requiring monopoly power and large

firm size for the most efficient innovation. Hence. Schumpetert s thesis

usually is,tested by ineasur-i n~(there;lationship ;>'.i'f any.betweenhdus'-':'

try concentration as a measure of monopoly and tnnove tton -;~rid'lJy":measur-

ing the correlation between firm.size-end trmovatf on.

The correlation of monopoly p~wer:and innovation, may be tnapproprtetees

a measure of Schucpeter! s .thes is. Schtmpeter-as tt-es s.ed:1arqe fh1i)siz~,

the possibil ityof ecqut ring,or.hol di,1l9 mono poIypowertby-t nnova t.tcn end

the effect cfpotentt al or actualrcompetf t'lcn in stimuli:l,tinglnnovation,_:·

It is quite .uncl ear that the-Scmmpeterf an thesis .wpuldleadloneto 'ex­
pect any correlation between exts ttnq monopoly anq;inrlO'/ation:., Certainly.
if innovation can lead to successful monopoly, which it clearly can. one

would expectito.ftnd at least some. ccrretat.ton between monopoly an~,:lag­

ged Rand D. 1I<:lwever.:this, would not-mean tbatmonopo.ly is the market

form best suited forrproductnq innovation. The failure or,ex;st~rlg

studies to genera}lY"find correlation between industry concentre tf on. and

innovation suggests that actual. competition may be more impo,rtant·than-:"

monopoly as, e-socr-to.f noovet.ton. This ds not necesser.il y-tnoonsts tent.,

with Schtmpetert s thesi s; he notes:

"in a_cap,it~list ·rea.'ity. as distinguished from thectextbook picture._..~~~
Ts··"not'"tha·t. kihX·~f.~ompetition (pr-ice) which' counts.' but the new tech­
~lOgy';--'the-·~~w.-,~~'urci;r';f-~P·pi'y·~'-':···..It·G..'hardiy~ne'~ess'ary to pO,'i ~Fcut

~rh~t-COJl'petiti!ln of. nie ki nd. we:noWha'ye, jnmtndac.ts.no t ....Qn1y,'\~h~H! in.

being but also when it is an ever present threat. The bus tness nan tee'l s

himself to be in a competitive situation even if he is alone in hts

field. "57

As Kamien and Schwartz interpret Scbumpeter , "immediate :imitation of a

firm's new 'product or process 'by others as 'in' perfect compettt tcn.' would'
eliminate realizable 'rewards and thereby its tncenr tve m-tnncvate."?"

Essent t ally th'i sis simply an argument for an eff'ect tve patent sys tern

and an antitrust policy that ex~npts monopoly po~er dcquired'ty techno­

logical super-ior-tty. This vtewf s consistent 'with Comarior's findings

that moderate barr-tersvtc entry-were best in s"tirnl/latin~(in\lention.S9
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would be cpt'lmel , . uhtor-tune te'ly, the es sompttons necessnry foc this

'ideal system are far .tron.met . Uncertainty .tn invention is especially

great. and uncertef ntyf s the-enemy of efficient long-term- contrect..v!

Cpntrading costs.becose greater wi thuncer te tnty. One of the compelling'

reasons for the expans ton.of finnsds the difficultyofmaking:contracts'

in-the- presence of uncer-te i nty; . the-expended fi rm,.is an -a1terns t t ve to

'long large term. interfirm contracts as:Coase~2, noted' 10n9a90' "Ihe finn'

simply 'incorporates within itself those.. tunctionsvthat previously wet-e.

contracted out ,

Thus it is not surprising. that research -tntens f ty, measured say by Rvand

o expendt tures. per-uni t of sales ... increases vlith firm s.tze up to a point

and then decreases. Approx'imatety- the-sene pattern holds -forvresea rch :,'

output except that research output' per: unit 'of: si zemay peak et-e. some-

what smaller firm size than for Rand D input. In part. this general

pattern relating' firii1:size to.R endD may ar-ise from' the.obenomene noted.

earl i er with. regard to' inventiveness 'and-deve l ooment-eoross- 'fi rm.s.tee,

Inventiveness tends .to. "decrease: as ;finn 'size, trrcreasest: but developmental
:ffi-c1~n~y'Tncre'as'es~Tttrs:o;;e'";fi'rmsi~'e:~th-~'~9reaier_~" a'd",an tages~f" .

we"';;'t;r'firm siz~';~"de'Jelopmentoutweigh the 10S5 of tnven ttveness r-sBe­

yond this size. the marginal contribution of greater size to developmen­

tal effici ency and tclsk.c-educt ton jis"ouhleigned,by 'the niarginal .loss-o t

inventiveness. Actually. as firm s'tze increases beyond, some potntv-there

is probably 'atao a-loss' 'of effi d ency t n purely oevefopmenta-l-work astde

from tnvent'l.venessv-rIhus , there are 'defiriife"and'cor.s·j:derable forces

preventing propor-t'icnaj .tncreases-frrRrend n.errtctency beyond some-pair-to

Unfortunatelye,' thi a potnt-occurs reta ;'fi rm'.S',".s'lze; tha;t--'is "ebso'lute'ly

quite large:; ·certcifnlyfor-m(}st'industries\'le·are te.lktnq.ebout firms

with sales in the hundreds :cfrni l l tons of doll ers

PROPOSALS FOR REFORM

The preceeding ~~,alysis lndi,c,a~es that proposals for in~reasing t~.e ef­

ficiency with ~hich~ and:~ re~ou~ce~,are~l~oc~t~~S~ould.wol~ to'de­

crease uncertai nty ~i l~,pa t~nt ov!rie;rsh IP .ri gtits,. i~cr~a;,~ the.' ~ffiCi ericy
of contrec t between inventi ve and devel~pmenta1fi ril1S"~~d, in genera 1•

.seek to lbwer .these ~y~eS'Of _t.~~.~sac~io~scosts~,':A,~tC.p,in this'di~ec~
tion would be a mo~~ '~a~e'i'ul a~d'defin~te awarding Of'p'a"tent rights than

is 'presentlythe <:ilS~." I~-o~c figorou;s"standards··~n.baterlti~g't'oUl'd be

. imposed so th~t' hi9~l1er~l'~ unaer'ceteri~ Pdribtis-c8nd'ih6h~;;' the
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rewards i~ the cas~

~.

Any propos a1s 'for .retora c1earlyneed e more thorough ~Iork'~ rig through -'-:

than given he~e. In terms of both increasing allocativeefficiency' for

Rand 0 and of promoting smaller firrns'.t.henecessary effor-t seems wor-th-:

while. Perhaps the suggestions here \>/iltencourCi:ge"thlnkingin produc­

the areas.

can better gua':ilhtee thejnventor ,reaUy substa'ntTal

of success than~ost ~lternative~rr~~gement;:

Hcwevet-, pet-haps the. mos~', ~ppeali fl9:crcoosaj. lies ou£si de the pe terit

sys tern. This ,is a system of d'i re'c'tgrants nien~_;oned byfaach l up and pro:';;

posed original_1.Y~YJameSNa~;S?n~tthe const'i,~ution,al_ Conventton 'i~

1787. 64 Th.e. ,gove;n~ent would 9"1 ve.ewards end b~nuses"to ; ndt vi duals ~nd-'
firms for invent ton frr enounts related: to the importance of tbevtnven­

tion. Scherer. while noting the attraction of such a s,cheme.:.nO~e,1.the

drawback posedby the 'di~ficulti,es. of esttmat.t ng.,the val ue o.f'inve'rl'ti ve

contributions. G5._ However, this difficulty dtd.no'tneed 'to be 'a subs tan­

tial one; aW,ardsco~ldbe made: in' tw~parts. the first",-a,n~,)erhilp's

smaller. part could be n;,ade,at: the ttme of 'i,nventfo'n.,,' A second award

could be made perhaps 10 yearsj.Ia ter ,on the basis or rthe.vat ce of the

invention as shown by the tnterventncoe-too. This second awa r d also:

would serveesven -dts tncent tve-to hold tnvent tons Tdle, apr-act'tce for

which the pre~e_nt pate~t:_,sy_st~mis"cri tid zed. 'This 'so;'t: of '5YS tern need

not replace the patent':~Y'ste~. but could as }'Iell .serve es asuPPleme~t:.
The policy mentioned earlier of discrimination between large andsmall~

fi rms prabab1y wauld -be more acceptebl e endee sj er ecccnpt i shedunder­

_sy.~t.~rJl_..9.Ldj~r:~-';Lawards..-thai1..,:tbt.O:!-!9.h-the patent .systea.
------~.----

FOOTNOTES
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ApPENDIX XVI

ARTICLE, "IMPROVING THE CLIMATE FOB INNOVATION-WHAT GOVERNMENT AND
INDUSTRY CAN Do," BY ELMER B. STAATS, -RESEARCH MANAGEMENT, SEPTEMBER
1976, PAGES 9-13

(Elmer B. Staats is Comptroller General of the United States. This
arncle .Is nicondensatton of a paper, he presented at the, Annual
Meeting of the Industrial Research Institute last May.)

Both attitudinal and tangible conflicts are hampering Government-industry
cooperation in -clvlltan-sector R&D. The- U.S. Comptroller General-suggests ap­
proaches to a more constructive partnership.

In times of crises, such as Wo!'lli war II RIld_the threat of 'Soviet preeminence
in space technology, our 'Government mobilized industrial resources-and' Indus­
try responded well-in 'a partnership effort with industry to meet specific na­
tional goals. Such partnerships continue in defense and aerospace. However,
we have yet to 'find the solution to the' more complex, Interrelattonshtpa necessary
todeat effectively with civilian sector problems, such as the energy crisis or
the problems associated with environmental protection and safety.

Today the Federal 'Government Is-playing an increasinglY,impprtant role 'in
international economic relations by helping. to establish better sharing of crltlcal
resources and' by assuring American competitiveness in the international mar­
ketplace. More and more American companies are entering into world markets,
not only through exports but also through investment in foreign subsidiaries.
Many companies have' developed into powerful multinational corporations. Con­
sequently, a whole new dimension of industrial accountability has emerged. This
partnership rosponsibtltty is highly important in fostering world peace, assis.t~:ng

the, developing nations, .and sharfng critical resources for' the, benefit cf"all
mankind. 'c" " " , ' ", ,.'. " ' , '

The question, therefore, is how can we Improve the eom~unieat1on, under­
standing, mutual goals, and working relationships between Government ,and
Industry, especially technology-intenalve Industry, in meeting both national do-
mestlc.needs .and jntematlorialubllgatlons. , ,,- "

Many 'people fiave jittempted to diagnose 'the barriers to Inntrvatlcn and to
offei-"solutions fon Improviug tnecumute for G.ove.rnment~iI1dustry'cooperation.
Th~ problems thathave been identified generally fall. into two broad, categories.
The, first is to a Iarge extent SUbjective and attitudinal. The secondcomprtsee a
number of mare tangible factors.

BARRIERS ,~;O INNOVATION

:P~rhaps the major' subjective probleIIl inhibitingGovernment~indu~try coop­
emisonIs the lack Of, mutual t~ust;:'Many ,Government officials are sl1spicious, of
industrial motives and the potential €COllomic'and·political--pOwer'of Iarge cor­
pqratip,ns, especially those with multinatlonaf afffltattons. On 'the other hand, .tn­
d;qstry is concernedthat Government-offlclals denot understand and appreciate
1)le.profitmotive~ Industry alsobelieves there Is aIack of.understandtng by Gov­
emment officials of the technology innovationprocess.''

Also, the meaning of public accountability 'is commonly misunderstood., Some
Goverllment officials believe that public accountability means that-every Federal
dollar spent should be tagged with a-program directi-ve. management control, and
Government oWll,ership of whatever results.

'I'here are situations in which a broader view of publte accountabtlttyiaappro­
priat~ 'which would not provide fcr-apeclflc-dtrectlon and 'management by, the
Government 'nor Federal ownership of the resulting productr.In. such cases, the
question to' ask is ,whether Federal funds are being spent wisely in the public
interest, such as to stimulate useful innovation~'An example that comes to mind
is 'Federal policy regarding patent licensing. Some Government officials believe
thaf patenta derived from federally funded R&D must be owned and controlled
entirely by the Governmerrt-However, in most cases, the public interest may best

"", '"',''''' "(8~3),,
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ESSEN'l'IAL COMMERC;IAL V,ENTURES

There are controversial ,~iews concerning the Federal, Government's role in
mobilizing combined nationwide scientific and technological .resources required
tp."Q.eyelopmajor commercial :prod':!ctsneede<i to meet national goals. For ex­
amp1e, although fhe EnergyResearch an~ Development Administration, in com­
bination with industrial firms, is, investing heavily in nuclear power development,
some experts question what the 'specific role of the Government should be rn the
energy -area.

The,basic, argument is whether the Government should finance and manage
such programs directly or attempt to provide the right climate and incentives for
rnnovatronjiv the private sector as well as Insurance 'against the ris~s, with
oversight sufficient to assure adequate public protection from potential hazards
and monopoliatlc advantageorexcesslve.prtees. " " , ' " .
: The energy problem Involves extenslve industrial participati()l). and tts prod,

ucts ultlmatelywllj be commercially delivered to public uti,lities and other users,"
'I'hetecbnologtcal nnd market uncertainti~'s,'e()mbined\viththe long time frames
undunagnttude. of capital Investment, require that. the Federal.'Goyerl).ment be
involved. The question is : To' what exteut u.nd how? " , ' '" "

Two case studies; which shedsome light on this, question, "are presented in the
General. Accounting Office reports dealing with the' Liquid Metat Fast Breeder'
Reactor, Program and the Federal Coal Research Program. ,Ih the case .of the
Breeder 'Reactor Program; the uetteuteuuestton ur judgment Is at what point
wtu the .technology-c-Iargely Government financed-be sufflclently reliable; eco­
uomlc; and sare as to make it a viable commercial enterprise and how will the
transttlon from, major Federal involvement to commercial implementation' by'
the private se,ctorbe ac~omplished., ' , ,'" ,,'-

Similar questions ate'involved in developing themeans to convertcoal to syn­
thetlc gas or liquid fuel, a problem 'made more compllcated becaueeuf the e:qvi~.
ronmental concerns associated 'wtth mlntng -and developing coal" as', an, energy
resource and the fact that much of 'our COal reserves are located in 'areas' which
win require large-scale construction of public facilities, such as hospitals, schools,
and roads. .

These' are only two of a number of eX::imple.S,whichcouldbe'eitedt6 illustrate'
the point that we have not yet established a eonsistent'policy concerning-the
respective roles. of Government and Industry. [n 'developing major .long-term
commercial ventures to, meet national needs: 'It is unlikely that a formula for
genera.lnppltcatton can be devised, but I believe-that' studJ:ing of policy altemau
tives should be continued in an effort to establish a general policy 'and crftertn
for guidance in determtntrig the Government's roledn each situation of this type,

lI-rANUFACTURING PRODUCTIVITY

Improving productivity in both public and private sectors has-been. generally,
recognized as one of the-most' effective means tcsstlmulate economic growth.
Since'1970 the, General Accounting, Office; in-cooperation with executive branch
agencies, has been fostering efforts to measure and enhance the productivity of
Federal activities. "In addition, we have recently completed a comparison of. pro­
grams in the United 'States -und .other eouutctes-ccneerned wtth..advanomg 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
tron to the potential for further application of computers to the design and manu­
fadurirw ,process.

We concluded tha'~.th.e United States generally ,uses, moreadvailced manu­
facturtng technology than. other countrtea fn the world. The U.S; total output
and output' per employed person is high~r.' than any oth~r nati?n's.- However;
our adva~ced technology Is concentrated ip 'a few.. hfgh-teelmology ;I,:nd/orcapital~
intensive .-firms.It is !-1()t well' diffused throughout medium-rand 'small-sized com-

,.,." Pll11ieS. Our study. ~189·:St1gS{!!'l~s.tlla~,,,'ithotrt ,~?lll~' a cl<l~<l iIl1P,~~us{' t~~. ad vaneed
tephnolo:?,y.wi1Lnot,'~xpa~d or diffuse widely. to silltt,ll- or,'Hiedium'!Sizeu';firms:.-"" "c;
'" Our fnternlltion1l1'competitors 'ar¢' c~ptul'iIig' Increasing sh~'res o~,forcign mar,
kets andnre' increasingIY:1JenetratingU.S, 'markets. It,i~' significant: that they
are ",competi,ng,in ,those lllai'kets"",ith'""lJ'S, high-technology manufacturers. The
p'rincipa.l' U..s~~:xpol'ls .c0l~· the fi.Iture:'p.ppear to bc €Ssep,tially. the:sanl~ as' at
present; .t.e., "Pri:inari~t__hgrtcutturat .products.. ,~ircra'ft,':all;d eo~p0J;l~.!1ts,elec­
trontcs (principany,~()W'put,e~~),~,lln~.nQ,nelectrieal mach};q.ery-, ,-Un1i~e the United



Dlscusslon anddebate.In forums and pallel,~eeting.~,suchas thosesponsored
by the National SCience' Foundation, the National Bureau of Stan,dards,.;profes~
slonal ~ocieti~s,>and trade ass~ciati~nS<¥LI111elr;especially Whenajj.tntereated
partlesor seetoradncludtng labor and eoneumer groups, ;are repmsented. I[l~

t()~d. that workshops, such as those j(}intlr "sponsored b,y;;IRI aug theN~.tioIl::lr
-B'ureall:of Standardsr.have beenproductive.ic-' ., -- -_- __ ': ',;';., '::: ' -~-"~"'> :;~.
.rCongresslonal hearings ajsoarc useful for improving understanding. and per­

spectiye., For e~iullj},le, the~ribcomIQ.itteon..Dornesttc '3,i1d, Interriaflonal Scten­
tific Planning and Analysis of the House.Cotnmtttee onSulence and 'I'echnology
bas just, .completed hearings _on "R&P, and the .Economy". ~_,' ':" .,,0.,"':'"
, .With regardto the more tangible issues, I believe several Inltlatlvea can bear
are being taken. One. oJ'these is in the area _of ba~ic research..Inproceeding from
exploratorY research -to product development, rtsks rend. to de.c~lne, but costs in­
crease. For example.jthe cost involved.Inbasic research,aIld'ex:r~o-ratc)rY,develop-;
ment to demonstrate technological fe~sibl1ity of an in:q.9x'a~ioll;is genei:~~ly. much
less than the cost to complete prototype development, tooltng:f()r manufacturing
and market development. 'I'hese characterlatlca of the R&D process are Suggestive
of .the respective roles of the Federal 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 agriculture and nuclear energy), generally has been
limited to support of basic scien-ce and exploratory development of emerging
technologies.

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 responslbtltty, therefore, it must continue to provide
major support for basic research and graduate education in both physical and
social sciences and the engineering disciplines.

We 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 budget, a percentage of the gross national product, 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 continuity 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 science and technology base
underlying the innovation process; it also supplies a stable base of scientists and
engineers. Basic research should continue to be conducted at Government lab­
oratories, universities, and private institutions, depending on the capabilities of
each.

Some reorienting or rethinking of Federal poltcles and priorities toward fund­
ing the science and technology base may be appropriate. This reorlentatton 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 "spln-offs" from defense and space R&D to commercial
markets, they are not crucial elements in thedectslon to fund defense and space
H&D projects.

Federal financing of applied R&D in support of commercial technology should
be eonsldered in the context of potential economic and social benefits to the Na­
tion and in relation to the private sector's abtltty and motivation to invest its
OWn resources, as well as in relation to other Government initiatives that can
influence the climate for private-sector innovation..

Some recent initiatives by the Federal Government both within the executive
branch and by the Congress are aimed toward establishing more definitive and
enlightened policies and priorities for -resource allocation and for dealing with
-X:~ffhlf:Js,~r~~g,~~~<:l,PW..ppr.yieW'()~ .i~diy~c111al ..~g~~~ie:; ..~~c1 ..th~..:pri!~,~e .s~ctor:., ,••,." ,0.'" ,

:'1 'I'he pending legislation, now passed by both the Senate and the, House, to es-
tablish 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&D Assessment Program;
The National Bureau of Standards Experimental Technology Incentives Pro­

gram.
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APPENInX XVII

STATEMENioF' DR~',BRUN()':U·.wEINscHEL," V-ICE -PREsIDEN'T,-;pRoFESSioNAii\jTIVI~
TIES, INSTITUTE OF ELECTRICAL ,AND' ELECTB9NICS, ENGINFWBS, 'I1fC., WASH,ING~.
TON, D.C.' - - , ', ..",' .-,,-,' , ." _.,

STATEMENT

by

Dr. Bruno O. Weinschel*

on behalf of
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Executive Summary

In tbb dOCtUllent we h8:~e atte,mp~e(to"p~_6~ide>a 'bri~i: r.~v±e'IJ and

evaluation of ~~~~e);t-U. s.:"P~ii,C~':~rificerrit~~ £hJ~ti';4!"~#~J~t-'~~d commer­

cialization of high techn~logy• .arid ~ugg~!!ted poss!.ble measu,i:~~;:for lmprov-

ins our position. The essential po1ntl! of o~r/inli1:ngB as,;t:hey relate to

the questions po~ed' by the Joint:' Coinm.i:ttee;~>'itiaY·-'~e~un1m~dz~~ ,~s follows:

1. 'rbere is asign:tfi9*nt: corre:I.8tiqn'l;ietween-leve,ls
of, R&D'investfil(!1'l.tsnd, the ma1nten_aJ:lc~_of,IJ:"",S.
technolp~ical ie~d~r~~iP-. 'there is'~o such strong
direct :l;'elatiottshfp, be.tween .u. S,,'" exports_~~",~R9Jl8
and services derived" f-rom such investments;" but .
there co~ld be Hthe,.tillle-lag pr,ior to impleiIlenta­
tion:,an,d ,commer,ciaHzatiop-could 'be,,?ecreased,: >

2. Private'in~,estment8 in: R&D in the' t,r;"S.': are, gener~
ally declIning l , and this ,has seracus ,impli,csti'?n5
for high 'technclo,gy, expores , Thefactors: ~o~rri­
buting rc, tllesetrene;Is ."h9?~ye,r,. _<l:r:~,m,anY'an<:l.,

complex. and are discussed In 'the' body of this
document along with recommendations for pollc:re~"

,which may provide incentives to in~reased these
'inve~tments. "

3. :t,r, we over~simplifyour, cOmrD~nts,,"W~, ,could say'th:!lt
~h'e:,:r:ole,or the: sl!l'*'U firm i-s largel', Inthe i!1DO-'
v8tive process, but'it Is' lesB:equipp~d to capitalize
on this lead in terms of expo~ting, goods and services
where, m,anagement/llIa~}(e.tingskills and
espedall~,the, ~vail;ability of" vent1Jre.-capi,tal play
a dOllrl.nallt~,ro:L,e., The need, for, i:t:t-c,e~Hve~.. to,:'fu;:ther

·'capital",~o}."IIlulatio:nia"therefp,t;,e 'essential. The
larger fi;..~~, is"in, a betterp~"sil:ion:to ~lay: t:hl~:',
':f,ol~ow up" gamt:l,but ,is'"le<ss: tiko:h~, ,to innOvl1,te,"
because of its heavy investment in 'existing equIp­
ment. processes and product patterns.

4. Some U. S. R&D activity is indeed moving ab ruad , and
the trend is likely to increase. Government actions
could slow the process but would not stop it. The
transfer is desirable from many points of view, and
inevitable, but steps must be taken to m~nimize its
negative effects 00 ,the U. S. economy.

1
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l~ The "Role' of the 'Instituteo£. Elect!ical:and .Electronics-EnBineers

On beh'alf of :,this Inetitute.-.1J9UaHy:referred·,;to,as, IEEE,Iw!'sh eo,

express myappreciB.tion,·;for" the opportul.11t''i:~,;to,.,present"Q4.l'_:yilaYfl,o:;.! ,I}.t ;9,"';)'••",,,",;,;

matters being considered by this Joint Committee. The IEEE is well-quali-

fied to address these issues. This organization has 88 its origin the in­

corporation in New York State in 1884 of the American Institute of

Electrical Engineers. which merged with the Institute of Radio Engineers

in 1961 to form the Institute of Electrica! and Electronics- Engineers. The

a1m' of the original organization ,was "ro advance the art and science of

Electrical Engineering" by all appropriate acts and activities. In' its 96

years of existence the membership haa gro~~'froro 46 to over 185.000, and

ite aeope has eontinuously expended-ss a unique lead~r in ite field and a

major inatitut:l.on in the field of eng:1,neering on both the domestic and the

internationalecene. Its members cover the entire spectrum of associated

interests. including teaching, research. government'and industry. private

indiViduals. small business, and uuumnoth multinatiotl8,1 enterprises. We are

d~eply involved_in the hightec~,ology areas of electro-science, from air­

craft electronics through computers, lasern and microwave repeaters to

satellite communications.

Our role in the current investigation is to try to point. out the com­

plexity; diversity and 1nterrelationshipa of ~he factors~hichmust be

considered. We cannot propose a solution to all the related problems; we

do believe that we have a contribution to make in terms of clarifying the

issues. presenting the.legitimate concerns of the affected parties, and

making recommendations (in Section 10) for s phased program of investiga­

tion and supportive actions which will enhance understanding of the

3
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2·. Background

The typical pattern of Reeearch';end'Development 1n'the':Utl.lted" States

has changed radically since the time of the inventor ~Iorking LndependerrtIy

in a laboratory in hiS,own';homa. At the 8t'a~;(Of World War I, the Am~r:l.c.'art"

Chemical ~?cietycoffered to help rresident~~i~8on i* any areas of che~~itry

or chemical engineering; -'to' which:'hia response was' "Thank you very much"J-o(

the offer', but we already',have a chemical engdaeer working"'c at Edgewood:

Arsenal-II In contrast,we now have a fomlized te~mstructure to Btts'Ck

.lmost all aspects of.R&i>'~

The U. S. has not 1n the past always been a leader in Science and

Technology. but rather an "~ar1yadaptor" of R&D performed typically in

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

through~, and application and development phases - invention. ~V'..!::.

!!Qa and imitation (or diffusion) - and S8 rec~ntly as 5 years ago it

appeared

of world

that the U. S~ had'~chie.ved' arid Was"l1kely to refainthe position

•leader. However, weare now in the proc~s8 of letting this ad-

vantage slip ~yay.

Measures of international stature are di£fic~lt to quantify. but we

can get a gener~ idea in the.: realm of~ by looking at 1tfdic_atcr-a,

Buehas the,c~tizenship of Nobel prize winners for'~cience. Table 1 shows

the improvem~.nt' in relative staniling of the U. S. e1nce the beginr..ing, of

the century. moving up from fiithplace prior to 1930. undsubsequently

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

·Cetron. M. J .• "Technology ,~ran8~er: Wh,ere We Stand Today"; ~t?BX
Transfer (Eds.; Davidson. Cetron &- Goldhar). NATO Advanced Stud}',~nstitute.

Science; Noordhoff; (Leyden) 1974; pp. 1-28.

5

34-270 0 - 78 _ 58



909

list the U. S. haa more than all others combined. This rather sudden ac-

celeration may be attributed in part to the sabstantlal influx of scientists

who were educated abroad and migrated to the U. S. because of the political

or religious turmoil of the 19308. ': It Is also a result of the great

mate,rial resources whdch are available in the U. S. The scientific areas

whe~ewe lead ar~ those which require expensive experimental,equipment.

which Borne nations cannot. p rovdde ; (However these are not necessarily

areas ,which can be readily commer~ialized.) Even here, however, if we

exauiinethe number of Nobel prizes as a function of population (Figure n,

the United States -- although still a leader -- no longer dokina~es as it

did prior to 1950.

In the realm of technology. the U. S. has been pre-eminent over a much

longer period. Two crude meesurecJ:::of COlllp.:lrst'!ve standing are shown in
'. ' , ..'

Table 2. C03:umn A indicates by ns.tiO'Llality the,; number of au thcr s of maj?'r

invept10ns f;om cotcntat t.imes to the present day, Such a tabulation can

be regarded as dlatort:ed both by cbeuvfnaae in the selection of ceeponsdbLe

indiV:id~nls",~nd lack'pi diacrimination,:1i:l the choice of inventions. The

remaining columns show, the average.:patentil1:S 'rate in the 19305 tmd in 1975.

for t-he countries listed. By either c'r Lt erLon, th-e U. S. was ahead of

other nations; however.thia position of leadership has been eroded over

*the last decade. as shown 1n Figure 2. In a recent report, OEGTI states

that except for the ccuputer , aerospace, and heavy ej.ecuromce industries,

technology is primarily transferred~ the United States from other

AGape in Technology, (Paris. France: Organbation for Economic Cooperation
and Development. 1970).

7
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FERCENTAGE OF MAJOR TECHNICAL INNOVATIONS
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3~ The'i~p~rtance 'of Tecfulology

Both technology and'technology-bii~e:d produ'cts ai~-";of major sigriificance

to the U. S. in terms of international tind~-a~ well oks -iri'gkner~t1~g- jdb~

and products fordomeatic 'consumption. The export" of tec'fniolbg~l; as 'd:l.st'i'riet

fr~--the:-e~p6'~t' of products. brings 'revenues to-U. s. cbmparii~s. "and" thusth"

the U. S. -economy, in the form of licerise fe~s and royalties. lri-1977 the

gross 1nc;me'froni 'si.l~h':8ources va's $'2".'95biilion. compar-ed to $;6"6"-biUf'or{;

in 1965. The ~ income (technology exp'ort minus technology -"import, n£::gle2-t1ng

products) for 1977'w8s $2:67 billion. comparable in magnitude to the $3.25

b11lio'ti. 'U. 's. trade surplu~''for ail manufact~red good~ ;,*

The total contrib~tion of technology to our economic ~eifaiehowever

cannot b-e measured solely in' termsof"'tra'de balance. The- t~emeii.dous 'inc'fease

in productivity '~i-T.L S~ 'ind~'~i1-)/ o~ei 'the past thh~yyeat~r-~anh-e attri­

buted-'p~:tinari1y\_~-·:theappiicat1~n an: utilization of technological adv'ances~

Between 194i"'and 1965, th~ ave;~ge a.nnualinerease In output per man in'

private industry -ra:riged-fzo~"2% 'to 6%. the gr~ateBt change bEdng'i"n tlle

communications and ritility -~ecto~-, ""* where the g-rowth ''in feal' a'tit'put reached

7.5% p.a. by 1970. '";Adv~c~~'in pf'6dti6tivfty art£ re:~p'orisibie fo'r a large

part of~conomicp~6gress~''in t~fnis ;'of GNP ',Iper ' capita. andthes'e trends ate...
expected to continue through 1990. One of the most important weapons

in our arsenal against inflation is such increased productivity, which 'can

be achieved through improved technologies and innovations.

*Langan, Patricia. "Those Worrisome Technology Exports", Fortune-, May'22,
"'1978" These;'da~a-are:c6nfirmedbYthe __ ~·atest. figures provided by:-the

U.S. ,:,nepartinent'of- Commerce (hivate ··C6mmunicatlon) ..r.exe Iuddng .tbe-: ­
catego:i::y of,' management" and services ;".:

**Private 'conmN~1ca~i~n'from'~he~Na.tiOna1,l3ure<lu' of:E~ono~ic' fl:!~~~rc'h.
*** ", ",.-"'" '. '"

The Conference Board,,"The',_U .::5'; Eeonpmy·;'in.l9:9.o'-!, in A LOok-.-at Business
in'.1990. White House cenreeeece-ee the"Industria1 World Ahead.
Wash1ngt~n. O. C-"~"1972. ·c'-. ',- .'.,.;,; ,: . ,c.

11
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~. The CharacteristicB~ofcTechnolo8Y

The most obvious characteristic of technology in general 1s that it

changes; old products and procedures are replaced by'new. This iS'a

continuing process. so that at any given tiroe"and place the technology being

practiced covers a spectrum from t~e old ~nd -~t~ble to' the new and rapidly

changing. The impetus towards newer technology is's consequence of i~s

potential to increase the productivity of a society's stock of resources •

•Solow estimates thst over the past century. BO% of th~ growth in theU~: S.

economy has resulted from advances in technology. The remaining~O%has

been due to increases in the amount of resources.

In,general ... .the increase-in ,productivity ds.mo're rapid .chen. the,"

technology is new. and it thus yields greater returns to soCiety than does

• mature technology. There may be argument as to the distribution of these

returns -- the major profit almost never accrues to the original innovator

but there is general agreement that all members of the society benefit.

The growth of a new technology follows the familiar S-shaped curve as

shown in Figure 3. An incipient period of rapid technological change --

"leading edge" technology -- is fo+lowed by a period of high growtl1 but._

less change. man:ifest~d' by .1ncreasirig sts:rid~r:diz~tip~: This "i'~suJbe~d~d

by a "mature" period of relatively slow change and slowing growth. and

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

"'Solow, R., "Technicsl Change and the Aggregate Production Function". in
Review of Economics and Statistics. August 1957.

13
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of a teehnology, being practiced 1s relatively mature and 'approaching

•stability. If a new technology were todisappear.in its incipi~nt stage

-- as many do -- it would hardly be noticed in aggregate statistics;...HQw-

ever~ the industry Bnd thenatton alike Buffer when ,this happens. since.it

1s the aubaequent; .aeagee which provide substantialeconomic:.rewards.

Once a technology has been firmly established, and incorporated in a

product or set of 'products ,,-_ the frontier ::-- the "place "wherevthe action is"

sh1£tsfrom science and engineerlngto production andrmar-ketrfng , Ins read

of concentrating on -making a ,single item work""thecompany. concerned must

1eat:n to produce··ln quantity: to make the eaee ite1ll every time,.,and opti~

mize the work.frow. Customere must be acquired, and 8hown how, to ,use the

product. Service men must be trained -- much of the rapid post-war growth

of "hi-fi", and.TV:-equipment, sales was spurred' on by -the , training cfiredar:

technicians<,in the ,military. Ult1mately'the,major.benefits of a nev seechnc'lcgy

accrue ~tothe technological innovator, but to -ebcee who solve the ,prcduc- ,"

tion and marketing problems.

Not only does the .~,technology :changeover Hme. but ·it.~. arid .cannct;

be confined. Thoaewhoae c01llDl8nd'of a technology, permits ' them to enjoy a

position of monopoly, have alw~ys',tril!l;l :tokeep this adv.antageto .ehemsejves ,

Such attempts have invariably failed. and aredoomed,to.:failureby.;the'very·

nature of things. The sale of any product embodying the technology necessarily

reveals the most important item of j~formation -- that the technology is

possible. The processes of technical marketing also provide other_~~~~,

and the lIlore,::~~ulp.lex:':t:he'pr~d~ct)',:t~l!J'1I!,6..r:J irt:forma:don 'lmf,!t be d~ss~~llui~'ed:~

(concerning application and maintenance).

* , '",0,;:" :,":::.", .','", , " '" ,,',

However, in order to ensure continued nlltional economic health,{;a ',portiqn
of the profits from a mature technology must be reinvested in new and
efficient research and development; otherwise the technology ~ell will run
dry.

15
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5. National Technological Strategy:Opttons:;.

There is more than one littracHve st,rategy.in _,p_l~ii":g't"he-',~_te~:~n()logy

game" on the international scene; 'and 'by .no -aeana alio,f.· tt':e advanta ges lie

with the innovative leader. Before,attem~t~ngtodiscuss policyopfions

for the United States, we ecae consider the implication's 'of·,uleader" and

"follower" roles. The discussion ·which follol.'sia;bci.'sea .npon an,"excellent
- -, --~

summary by Horn, of the Insdtut fur Weltwirtschaft ;:in-'Kiel.

Technologica~ progress continuously creates' new
products. Therefore, technological: .Leads-tand­
lags are a 'steady source of- Lnt ernecdonaj, trade.
A country whIch is ablete generate ·'a'-higher,
rate of innovations than"other :countries',will
be able to permanentl~produce'agr.eater'pio~

portion of new goods. Count~ies'which are' less
capable ofp.roduc'ing technologi'car,innoVations c
will have to" specialize' in .tne prcduc tdon of.
traditional goods;

This leads to the question of which factors
;c~&termineinternationaldifference-a' in the Intio~

vative activity of countries. The answer to
this 'question is ' sugges t edvby theso';";i::aUed
pr.odut::""t"" 1::I.fe: cycle approach to international
.t-rede , ,. -. Simplified, 'the' product life: cycle
hypothesis can be described as follows: Pro­
ducts and processes' of, production'. typically
pass through a cycle which is' characterized

'by,'an increasing degzee .ofstandardtzation ,;..:"
(maturation). The most advanced countries pos­
eeee .compera tdve . advantages -dn the produer fon. .

Horn, Ernst-Jurgen. "International Trade and Technological Innovation:
T~~ German Position Vis-a-Vis Other Developed Market Economies" •. in
Karl A. Stroetmann (Ed.) Innovation, Economic Change and Technology
Policies, Bonn. Germany, 1976.

**Vernon. R.• "International Investment and International Trade in the
Product Cycl~". "I,n:,: Quarterly, Journa1 ..of.Economics ~,Vol •...80. (19~.6!.;!
and Hirsch, S•• Location of IndustrY': and .. Ino.:ernationaLCompetitive-,., ..
~. Oxford: Clarendon Press. 1967. and Gruber,W."H •• Meht~_~.D."

VernoI)-, ,R., "Th~ R&D Factor in .Lnternattonat. TradfT.-:llud,InterriBti!,n~l~
Inves'tni~nt"of'Unitecj S~a:~es InJ;lustrie~"::-:~ ,'II."::::-: Jourmii'of' Polt tieR'l,::'c,:,
Economy. Vol. 7~ (1967). and 'Wells, L. T. Jr .• "International 'rxade';­
The_~;roduct,..LlfeGycleApproach"... Ir:, ,.)?:em Jed.), The Product Life
Cycle and Internutional'Trade,Boston: ·j"Ha~;;Ir?',-;P'.l~:Ve:rs~JY.~_,1~?2:
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'\

, 1
This option is open only to those nations/corporations whose tech'i1,C-al

level,tE('i9irnilai to 'thiiti:if the innovator. The Amedcan Indian::, for instance.

l:Ould 'not' fm.'itate 'the"<s-etHera" 'fireanlls beceuee-he 'had, no MoW-ledge', of;'the

requisite skUls'::in' Ili8.ki'ng -end-io'rming'- steiel'/:cas'fing':lead',;"':prciduc'ing' nttre'.

proble~shave arlsen'due'io dispa~~ties-n6£/onlyina'ipecific technology;

but, in the' necessary 's~ppo'!:t''ingC1i1.fra'~truct~re4\1,1' i'n:;-awhole''rang~-of

ancillary techrtologies.*

•See for example
aarenscn, Jack. Industris.l 'l'e-chnologr Transfer bv U.S. Finn.. to everseas
Affiliates Under Lic~~nsin8.AgreementEl: !'olfcies ,- Practices at,~itI;"nillg
~ (Arlington, Va.: Forecasting International. Ltd .• 1975)
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innovations. Says J. Fred Buc:y J President of Texas In'stt~~~~;t'S:-:":'To'day

our toughes~' ~ompetiti~~'is c:o~ing;fro~'fo~~ign~o~panie~ whose ability to

compete with us rests in part on '.their aCqUi~ltion '~l U.S .tee'hoalogy...

The ebe has come to stop selling' our iB;t~~t technoi~'g:r:~s', '~h:ich are the
,-.- '. ,

most valuable things we've go't'-" Ho'raceD'. McDonell. an executive vice
president of Perkin-E:lmerCorporat!on, sums it up more pi~uant:fy: -"We want

to aekL more 'm:flk and' fewer dows .'ii
u

B~:iore w~-'dan evai~ate the:~a'lid;i~Y ~f this vi~Wpoint'- we wish to

examine mor~"~i~s~iy the Bit~at'io;t:ofthe Unit:~d States in the -iight of
the ;te~hnolog;:flo_wp~tte~n we'h"ave d'~-Uned~' ~~'i~~~ ~;h~t' our pe:rceptionof

our natio~l roieie tha~~f a leader. ~hat are ~ur achievements relative

to establiehi~g. maintaining and capitalizing upon a tech~ological lead?

*An ArialysiS' of-Ex2ortCoI1tr';~:of U;'S';:' T~chn'olo*:" .-~, "DoD Perspective.
Report'of 'rhe Defense Science 'Board TaskForce on Export of'U.' S~' ­
Technology. J. Fred Bucy, Jr •• Chairman (Washington, D. C.: Officeof
the Director of Defense Research and Engin~eringli', p,'e~rl,l<:l-ry 4,;1~76);

••Langan, Patriciai op.cit.
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FIGURE 4; THE R&D CYCLE
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4

_.~
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which be calle llrevealed cOlllparative. advaneagell (RCA)" provides In8~ght

into what 1s happening in the world arena concerning the :.lnurnat!0t1-al

a.le of hIgh technology products.

Figure 8 shows RCA values for the United States. the Federal Republic.

of Germany snd Japan for the periods 1963 through 1973 88 wel168 u'projec-

tion of these figures into the future.

tion has been eroding

Note that the United States posi­
~~

significantly, decre8.s1ng,;pY,~b0tJt_~O uni,ts during

the time period under examination; that -the'FedersJ Republ:l.c: of Germany's

position appears to have remained relatively constant although weakening

8omeWhat; and that the Japanese posltjo~ has improved, a1ao by_~bout30

unita. (In th1s figure a negative value means tliat they started at a die.,..

advantage.) The crcaa-over between United StateEl, ~W~· JSilan,-in.thls parti­

cular segment of the market would occur somewhere in the period 1980 thr~ugh

1985, based upon ex~rapolation at the current rate of change.

A similar conclusion was presented in a document issued by the

** lIf*lIINational Planning Association in Which a measure was defined of t~e lag

between U. S. and Japanese technology, a graphic representation of which

is shown in Figure 9. The relative lag :llllpacts upon the future relative

•This indicator measures.the exteptto ~hich,fore~gn,tradesurpluaes

(deficits) in one.product"group diverge from'the trade position of this
country in total manufactured. goode.' The measure has been normed so
that it can assume values between + 100 apd ,7,100•.. Hfgh positive values
of the measure indicate_a high international competitiveness. For method
of calculation the reader is referred to the article ascited~pa8e 144­
et seq.

""'New -lni:'ernatlonal Realitie!!., ·(N~tiori81 'Planning 'A~sociatio.n.'w~,shington.
D. C';, 1978) •."'''' -'1'his"is .. expressed in: eeres of ,:the.relative •t/il.chnological· chenge ever- 1:;1me:
the rate of growth of QU"'-I-'t.it holdingall'inputsconatant,.Fo7: e' -precrse
deflniti?tlof the measure,see Ch:rigten,sen. L•.1L. D.Ctlll1ldngs,3nd
D.-101. Jor$cnson, "Economic: Growth. ,1947":"1973: An~nternatiClnal .,~,olJlp~d­
80n,." inJ_~. W. Denddck and ~.Vaccal;'a{Eds.),.NeW,'peve!c.pn:encs in:"
Productivity Measurement. ~tud~e~. inlncomefll1d W~~,l,tll' VQ:l., ,41 (New,
York: Columbia University Preas), forthcoming. -
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•Figure.9.. .The.;... U. _~,,:_,~ _~l!:P~tl:la~~ ~1ilc::_l1p(),~()g1,,~~8_-,

*Thie 1s ~xpres~~d'iri~erm9:oi'the r~1~ti~e'te~h~olo~ic1i ch~ngi 6~er time:
the, ra.t,eofg:rowth _~F,OI.1.t.I;!"'t_,h()ldin~_a11,_~npu~s-c()nst~~_t,. F~~:a .preeise:_,
definition of the acasure, see Christensen. 't. RO I D. C~1nr.s and
.D:o 101" Jor.cer1s~n • ~',,~cc)Rom:ic 'iCr(lwtl1"f,947-19.? 3,:,.. A:Ii __ :Int~rnotionalComp.a:r,i":",
eon," lri·-J~'li~'Denddctt:n-nd.'B. Viccara (Eds.,. New'neve1opmcntfl in
Productivity Measurement, Studies in Income and Wealth, Vol. 41 (New
Yor~: Columbia University Press). f~rthcomlng.
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Figure 10. R&D Expenditures as a
Percentage of National GNP

•This includes about 50% ce rense-re te ted.usnc-mcs t of which cannot be
adopted to commercialization .

••This includes about 11% defense-related R&D .
•••This includes about 2% defense-realated R&D.
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"technicsl Wizardryn·'are-,expanding their share of U. S. and world markets

in those less technologically exciting goods which make up the bulk of

•world.-.-t,rade •..

The ratio~ale ~or examining t~eh~_g,htefq~ol,og~man,u'~'B~.'tur,eAgo,,?d's is

based ~pon m~terial previously generaiea'torthe'U. S~-SenateCo~itteeon

••Finance. Data were presented which indicated that high technology

industries (that is, product industries whose products depend upon the

application of high technology) provided for the U. S. a significant posi-

tive balance of trade as opposed to the lower technology manufactured goods

or raw matl!'rials. Thl~; _",1il8, _,pr~vious~Y,gllOwn;a~l!lo ttl f,~,gur~ 7,. r,A.rt;{lrodl,lc,-:

t10n of the table for the period 1960 through 1971 is slw~,i ~n Table 3.

The specific industries categorized as high technology, medium technology

and low technology are listed in Table 4fo~referenc~~~ranked lrid~c~eas~ng

/ 'Ie"'.
order of R&D investment as a percentage of shipments (1966 data)

To bring the problem into focus, let us look at specific examples, as

previously: in the semi-conductor industr.y the lead clearly has been with

the United States for many years; the development of transistors. integrated

circuits, etc. has placed the United States in a very strong position in

this particular area. However. starting in about 1965 several developments

occurred which ultimately must have serious consequences upon the balance of

trade for the United States in this area. First, thesesemi-·conductor

*UTheSc:ie~ce'Olympics II • loc .dt.

** ~1!1};!Hc.~ ~;lon~ _!'J.Jt~l,J:!!t~l.!.9.J:lu..LE1lJlls for Hor]" Traae-ansl.....lmr.e.s.1Jllen.t...and._
for U. S. Trade and L~ (Committee on Finance.V. S.Senate, February
1973).

•••Based on U. S. Census of Msnufactures.
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High,Technolo6Y Industri~s

E1eetr1cal ~e~hinery"and nppnrntus, incl.
household apFliance5--------------------~

DTu&s----~--~--~~~~--------~---~-~--~-----
Indus~rinl chemicals----------~------------

Instrumeo~s---~----~--~--~~~-~------------

~6n~portation equipm~nt-------------------·
Radio, "T. V., electronic cOI:rponehts--~----­

Farm machinery and equipment--------------­
:~e~tronic computing equipment and

miscel1aneous nonelectrical machinery---­
.Office ma~hincs~~~-~,~:--~:~--~~-~_r~~~-

Medium TechnologY Industries

Soaps ~nd:co5met~~s~:7~;~--:-~~~,~~-~~c:::
Rubber 'pJ·oducts------.,.;...~---.:.----------.:-'

Industrial ~~chin~ry ~nd equip~c~~-:----:-­

Miscellaneous ch~icals not'1ncluded'
clsevhcre-----:--------------------------

Stone; c!ny'~ and'-'glnss prod\l.cts-~~--'.;,;U;:.:~-';;.

Primary and fabricatec. e.lumi.niJn, plus
ndsc. ~ctal products~~~~~~~~~~~~~~-~~~-~~~

FabrIcated metals (excl. aluminum, copper,
"and ,'brass ).::.::.-.:.--.:..;:;;~.:..-~;;.:::..::.;;;,~-~'.:..::..;.'~~~.:..:...:...:..-;. ..

MiGcellaneous electrical ~chinery not
included'elsevher~-~~~~~~~~~~~~---.:.~-~~~­

GraIn mill produets------------------~---­
rlDstlcs-~.;.-.;.~-.;.~~-.;.-~~~---·-.;.-~~~.;.~.;.-~~-~~.:..

Lov TechnologY,Industries

Pr1lJlary_J:letals_(excl •... e.lWllinUJ':l):""~-__:_~--­
Paper nnd allied products-----------------­
.•U.sC::c;'llc.neous'.r:I~nufacturing· (lneb ordnance,

leather, and tobncco)-------------------­
,lA1,m'l:Il~r.,"woP9.produets. _and. furni-tur.e~,,-~--~~,

M~sc::ellaneous food products (cxcl. grain
..ml1ls):""-':"-':"'-:"".,....--.,.--...- ..----"':..~.---..~~~c-.;.....

Printing and" "iubii!:hi'ng.:..-------:..-"------.---­
~extiles and a~pQrel--..~~-~~-~---~-~.,..~~--,

34~270 0 - 78 ~ 60

Table 4. Composition of Industrial Segments'
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The implication of the long term effects focuses the need for our

industrial structure to maintain a technological lead in the sern{-condu~~or

area. This means that we must encouragelnnovation and the application:o~

leading-edge technology at an ever ~ncreasing rate.

The Institute recognizes the importance of this issue and the comple~l­

ties involved in trying to evalu~~e the varie~y of impacts. To attack

this problem: the IEEEi's-in, ~he process of convening a study group which.

will br+ng together-industrial. governmental and academic experts who will

examine the causes, modes and consequences,,?f the ;ransf~r of high tech­

nology from the U. S. to foreign-sitea. This task force will p~amine, to

the extent Possible, the technical, eC9no~ic and aocio-political aspects

of the~se and related dseuee,"

In the context of' t~epresent_discussion, let us nowexa~tl.e,.the

question of what is therelat~o~ship'between'funding of research and

development and high technology, and the product output by that industry.,:

To do that we will examine the computer industry where some statistics ate

:avallabie; th1s1ll8y-givilU6 8'Otns'!nsight iutoat Leas t- one eegment-of-:,the

total high technol~gy area.

In examining the research and development investment as a percentage

of the total revenue of five major organizations in the computer industry,

we produced the results shown in Figure 14. It:is.int~re~t,ing to-note that

the National Cash Register (NCR) Company--'as welFss:Burroughs maintained a

relatively stable input of research and development dollars as a percentage

of their revenue over significant periods of time. On the other hand IBM

increased its percentage of research and development from approximately 4%

in the late 1950s to nearly 7% 1n the period 1970 through 1914.
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The two remaining companies examined were CDC snd the ~igital Equip­

ment Corporation. CDC shows a sporadic fluctuation in its resea~ch and

development investment. ,particularly during the time period :1,958 through

1964. From that period on it began to decrease its research and development

investment although it w~s not until 1967 that the percentage'd~oppedbelow

the IBM level.

During the time pe~iod 1958 through 1967 CDC was applying high tech-

n010gy to its product line arid dev~loping very rapid penetratio~:of the

market for various Dew devices and 'systems which were produced.

DEC was utilizing ~pproxtmately 16.6% of its revenues for research

and develoPment investment in 1964 8nd"_15';2% 1n:,1965. This appears to be

decreasing asymptotically. C Howeve'i, 'aiiringthe'time-' period when DEC was

investing significant amounteof money in the research and development

effort it was a recognized leader in developing mini-computers and micro-

computers for sale in the United States. This penetration was successful

and it is todsy one of the leading organizations in that particular sub­

area of computers and computeiapplicatloris~

Figure 15pro,dde.s add1t~o~~,l-iDJOm'~:L~Ilas to the impact of research

and development upon the growth and-viability'of various organ:l.zations

which can be classified as high technology. innovative and mature. In this

figure we have presented the average annual growth of these three groups of

organizations or companies. The specific growth rates spanned the time

frame 1969 through 1974.

Another issue which relates to the questions posed by the Subcommittees

concerns company size. Without external support. only large organizations

can afford the huge research investments needed to practice innovation in
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.pec:1al:l.zed high technology areas. Yet in the U. S., businesseo'\iit1:l

fever than 1000 employees: produce 17· times as"many major 'innovations- -pee

research,;dollar, :,wbile:~'medium"":81ze" companies appea-r -- to -be about -4 'times

&8 innovative.* Organizationa';8Uch'as,Bell and IBM regiSter a :patent -'S

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

innovations • 'or are inhibited -from 'doing so by -Federal regulations.
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our large high speed computer system desIgn technology not jUBtto ;Fujitsu,

but to Japan, because of the national solidarity o(.outlook. Japan has an

integrated national' policy dedgned'to'support,its,:role as.-''8'modern., indus-

trial leader. and administered bY,~ITl, the Ministry 'of ,International Trade

and Industry. Because" of ,this philosophy. there ieno,clear --distinction

between one firm and "Japan Inc." 8S far as relations ....ith other nations

•are concerned.

A second' example is the 'LITEX light bUlb'case,~h~re'~hp i~~entor.

Don Hollister, could not find funding for his new energy-conserving light

bulb. The major U. S. manufacturers of light bulbs apparently were not

interested in breaking down their production lines in their plants and

starting a competitive business. Since venture capital was not available,

in this instance the government intervened. ERDA (now the Department of

Energy) agreed to underwrite the research and d~velo?ment costs ($310,000).

The Government owns the patent. but Hollister has free licensing snd use

~ights provided he exercises them. Otherwise. the patent lapses (similar

••to·provisions of.the.Thornton .Bill ) snd the .paeene .eneeee the public

domain.

The third example 1s more genersl. It concerns the U. S. aircraft

***industry and ita ,co!llpetit;~v_~;pos1ti!,n .tn .ehe world market,.

*See e. g. Osh1ma.K~lc~i•. n~ecnnOlOiY.1r~nsfer:-itl.iap.aI1'·' ,1:n Cetron. M; J ••
B. F. Davidson ana.- J .• p<-GoldhS.r"(~~s.YTechnologfTransfer (Ledden ;"
The Netherlands: Noordhoff, 1974) •

••RR 6249 (95th Congr.e,ss e . First-Session. 1977) .•
***. .

A Study of How Technology Transfer: Affects' the Camp"etit1ve Pc,sition:'bf
the United States in'the World AViation Market; Forecasting; Internatiopal,
Ltd•• Arlington. Va.; 1972; and A'Studv of the Key Aspects of Foreign
Civil Aviation Competition; Forecasting International, Ltd., Arlington,
Va.: 1976.
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DC-9. Other competition in. this category 1sBritain's
Rolls-Royce which is trying to put;together'sn engine
COnsortium with French~ German. Swedish; Italian and "
Belgian manufactu~er8'

The penetration of the Americnn makret can take several forms. Not'

only can the foreign organization sell, to American firms. it can, invest and

obtain access to the_~~chnology via that approach. ~.y~r~~~~ightfu~

analysis of this ~rea vee p~blished 1~, 1971 by. nusin.c-~s ,Iilter'n'stJoD!'ll S~A.**
In that report, the author examines the value t6 the Eu~opeil.D org'anhation'

of investing in the U. S.

"111e :bigges_~,'reason' f~r'-'th,~_,gr:e:~tly exp,a~de~ and' :expani~
inb European corporateinvest1nint in,.the U:. S,_, lies, in
the attracUons, of the ,maJ:,'k_et '-::- its size, its' profit­
ability. its research and development s~reain,. it~,,~ew

products,_at\.d industries. its new process development
and applications ,engineer~ng. _A_s, one. group', of obs,_ervers
have put 'i,t_"as r_eg~t"ll~,t:h~:oH::l~e' £!quipmE!~t." e~e~tron~c:
components~ and computer' industries': "Operating on the'
American market is no longer the natural consequence of
success onothermarketa. buta.precondition of success
on the ,world market."

Manufacturing-"inthe U. S;"brings'far quicker and far
closer accessto,the~nnovat1vestimuli-of the-U;S.
bunmcas environment. The U~' 'S; .bsa played the role
of 'technologicEiI,snd -marketing" bellwether,::for:Europe
and the world throughout the postwar era. True. the
U. S. has no monopoly on invention or di~covery of
new products and ,processes. However. of lID 'postwar
first cOlIllIlercialintroductions ('tinnovatioris tl

) quali­
fied as "significant ft by the: DECO...."''''. 74 were first'
commercialized in the U. S. and practically all 74
were first marketed by:V. S.~ownedfirms.

*"eeercn, M. J", and J<lIDes ,L~.Duda:;I'Interria,Uo.na1 TeclmologyTransfer in
One Industry - Aircraft", in Cetran, M. J. ': R.', F" 'Davidson and
J. D. Goldhar (Eds.) Technology TrBnsfe~(~elden.Th~~NetheT.lands:
Noordhoff. 1974). .

**IIEuropean Business Strategiea in the United States"; Business Inter­
national S.A., Geneva. Switzerland; 1971.

***Organization for Economic Cooperation and Development.
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The, major~ty .cf lar,ge E.uropean compsJdeI1L:'W:!th'U •.S." operations
.eee j,n "relatively ):t1gh-:technology-,industries. 21. of the _49 :firms
examined;"'" _Qrnear~y half ,-: are, In ,t,he "eeccecrs ,depoint.e"· 1n
"hich ,~ean-.Jacque's :SerY;8n-S;cllreiber sQ:feared, _-Alllerican domination
of Eur'opea:~_·induStry. Th,ese.sector,s 'are: ch.emica;l;,ij:; pharmaceuticals';":
machinery, :,an.d<,eJectrical ::macg~nery~ J'lle .everage. -percentage of
salesr,ev,enue.,spent 1I:r the 4_Q,:f~rmson reseeech and development
was an :!'1II:pres,siye 3.,1.';, J./'ith,Q,utdoubta fig':lre far above that',cL,:
European,l:;,ot!lpani~9.not,-,1I).vestln.gInt:1)c ·U. S. Inde~d:,:_if;,one

compares .th~~::-figure_with,r,he, :9a,tOla...,ailab,le cnmos t- international
U.S. corporations, it is still ,high.,

Not 'only do European .cceoerues in.ve'sting ill·the u.s. -eeea
to havem~~etechnologlcal.competencethan othei: Europeari'ocompanies;
but, within .xbe former -grcup ; rthcse 'corapanfesvtiba t; .apend. heav Lky .
on researcli,'and devj.opraent;' have .done .tnucb: .be t ter. ,'1n :terms 'of'sale-S:';';';'
growth in the,U .:S;,.than .tbose that :donot'.There ~is::asign1flcarit

correlation .(.67), between -tbe pet-cent.age of :,tota! reveni.lewhich
companies in ourc-samp'le -spend.con R&D,andtheir',-rate',6f sales' gro'wt'h
in the U,.S.market between '1965 and '1969.' >'Almost:,'all theEurop~an

companie.sin our, study .that -apenc u.ess 'than' 1% of 't11e1rtotal -
group sales-revenue,onR&D:had'stagnant'or'negatlvesrowth rates
Inthe U. S.during: those' five .yeare ,': Also, .there '-appeared to be
a rela~ionship between·total group'reveni.l'e .spent; o'ri:,R&D;and
U.S. profit ,growth·"overthe 1965~69 pe'r"iod(the correlation
Coefficient was .7 for 10 companies for which we had sufficient
1nformatlon);.~

The~.pdmary b~C1.s,bn:' for •. Eur.opean,co~pa'tlil:!s~, preference '~o'r
wholl.y owned'ventur'es in.the U.S. (andindden't'ally fortl1,e high
joint-venture, divo:rce .rat:e), seems, to be relatl:lr to: the. nature "
of the~U.S;~mal:"ket. The'desirability, p~rhaps,the necessity, f6r
a European cOlJlP~ny to do R&D in they,. S. has; all."eady 'been, ment Ioned,
Yet, in~of~r as' "the' man~,&1::'.m,7n(of.. tec1mi,?-a:I..~nn0V'li,rio~" Is, much
more than the' maintenance"of "an R&D 'lllboratory,i b:~t,'i~,__ rather
Us corporate-wide task•.• too important to' be left to any specialized
fun9-ttonal, d~pa;:tmeQt~,.,',"the ~ub.sidiary's. r-esponaa to . the ,ever7"
changing-U.S. market may require a closer coordination between
maJ;~7t+n~ ..and .... R&D tha,~\ ... is p06sible,with, a Join~7"vEmt~~e ..rel~~i~shiP~

*Based on'23·'c.oil\pa~ies;forwh:l.chdatawere avail~bte·. Th~"read~r·sh01hd
be ~arrled. that, this Bl:\d other cor~el:;it,i()~a c,0!<11d be the re~ult.;of ot~~r
factors that. for'one'or another reason, could not be examined. They
should be interpreted,in,the context of otherqua~itatiyee~ide~ce

presented.
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the advance 0'£ 'technology -by Investing'money'pt'imar"ily -In '~JCint :'R&D veueuree'

withindustrialfir'ms' and also with private:' "investors .. and-rec."e1Ves 8. fliir .

cOlml1ercbl: 'return 'on itsirive~tnient;- "'Tli'j;i. 'Govir~brit"-:get'B '8.~ 'po'rt1'on"6"t rtie"

business 'snda percentage-'of'the"profits-, and also has':8. :seat"-bn the Eoard

of Directors. Theprofits-derivedfiom these ventures arereinvested;~n;

other high risk 'technological ventures. TWo of'thenotewarthysuccessful

projects were the Rovercraftand.cephill?sJ,'or1ns'.'>in~eo.f:the' 'mosi: s{gnifi­

cant groups of antibiotics discovered since peniC111in~ 'The' "rs'tt'er-:was one

of the largest royalty-earners, ever to have emerged'from acade~ic research,

and represents an excellent exmnple of:the: tyPe of baaic,:fnvendcin 'that

NRDe was expected to handle ,when it was ~~tablishea';, NotCirily haa the

Crown's initial investment-been repaid'but:the revolving'funds have 'brought

ahout the funding of many other R&D projects in high risk technology. These

include major contributions, to'- the e8tabl~s~tD'ent--of"th~'elect'ronic' computer

industryj development of'selecti";'& herbiddesj development andvp'roduc'tdcn

of the first high speed linear motor hovertrain and'of the first large

aupexconductidng e1ectriemotor; ',extens1ve"research-:,and developmEmt-'of fuel

landing program;

cells later:used 'ae -the--basis

. .
etc., etc.

for "the"power', plant" iri:the.'; Apoilotnooi:i:

Attempts-have been made to'evaluatecontribtitions of'NRDC~supportedC

innovations at the national level but~appropriate techniques of measuremerit

arest:111controvereiaL " The': Corporation;believes :th~t~'-:u.tilike other

•Evidence Offered to the Committee to Review the Fu~~tioni~.na.l1c;al

InBt1tutions~(Thewi.IBon C(;mm1ttee) ~ (Loriddri.Eng,bnd: Nape. -1978).
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avai1a,b~~, .ee .Lt , -:,!"it~incr~ase4_,employment_ 'p'~_ospects .and f~~~elgn- cuerency ,-.

earnlngs" from exports or, lic,E;I1$~ <income. The ;to.tal; NRDC drrvee tment; in:botP

private. andins~1tut~0!l~l1:,s,uPcport, Is, not l?orge,;_,t;he ,rat;l9n~.1,e_, ls,that:

,The"co,st. of. most ,of"th,edy:l,:J...-deyelopmel\t ,work, In
this country will continue to be met out of
i_ndl.1~try'B .ovn xescurces but, tl1eremaybe -cacea
where individual firms' are unable to un'dertske.
~nt~rely,8t:_,their( '!~_ expense, tJle de",elppment; of
potentially ~aluable projects. In the export

_,field: the"need. fqr. rhe Un,!t.ed ,Kingdom. -too "develop ..
and 'market" technically advanced products against
l!!trqng' int:;ernationa).. cc)I!!P~.tition"putsa".heavy,
development burden on much of the country's manu­
factur1~g industry~ In such,~~r~pmst~nces there
may be merit 1n a collaboration between industry
and,NRDC.

It, is, ,8, nat.ural .coneequenee. of the.Co,rporati.on 1,6,

statutory runctions that it is' prepared to under­
take, p:rojects,.wllerl! the degree- of,risk-ls" greater
than that which a commercial undertaking would
re?~rd.~s justified.~

Having ()pera,te~.,ata deficit, for its fi~8t,:27. yeara •. the C:9rporation ,for

the first tiJnla:~n ,l9?5;::7~"ltas able.toca:rry,,~o~ardanet; ;surplus.The

total investment in external R&D support over that period (1949-76) was

••48.2 mil~ionpounds sterling (abQut- $87 .4K.at current exchange,:rates);,

In 1977. alone it ,is estimated that the,grosf;l·amount of ,new,;industrial·

production which the 'NRDC ,1lE!!PE!'d.-;t:o .generacewes lOO"roillion"pounds '

sterling ($lal.25M). with R ten year accumulated total of 600 million

* , ,." ''-,:','' ',".''','''" """" ,,':',:"", ..' ,.
National Research Development Corporation: AnIntiaduct~~ (~C~

London. October 1970).

**27th Annual Report and Statement of Accounts 1975-76 (London. England:
NRDC.1976) •
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-Although gene"ralizatioris;are perHo"tis ,'the caee 'of "a.c0n'l?sny
that had a "joint venture with -'!tiione.:.t1nie U;5;": imp:orting agent' dudn'g
the first few years in ....hdch itman:ufactured in the'ij ;'S"seems ,t:fpi,;,;
cal. Prior· to develop!nglts 'own m3rketing "ccmpet ence: uncle,!:, fts' '
own- o~erBhlpumbrelta. this_subsld1ar!_waseff~c~lvely_cut off
from new developments in its 'marketplace and was not"abl'e:'to
get informadon 'aboutn'ewappHcatfonsfo:r, the particular 'product
it produced; "After buying out its partner's sales n,etwork,"ft
was able to reintegrate the marketing"aIid RE.D::funct.ions"in- :the
u.s.,' 'and went' fromrather...dismal failure to quite considerable
success over the subsequent five yeai~.

Acquisition seems'topr~vide the:quickest way to learn 'U,S.
technology:,and ;IIIarketing :skills tbatvare new' to. 2,European"'group.
This ....as a~eY"reason for,J~les5eyls acquisltlon:of"theU'."S.
companY Alloys 'lJnlimited.Theacquisitlon by: a European oil
company of a small; U~S,.refinery,'had.Bsimilarmot·lvation";"',' but this
time for .purposee of learning marketing sk;ills rather:'-:than .eecbno­
logical skills. The European fi~'S executives remarked that' they:
felt., in or4e~ tobea viable worldwide petroleum company, they
had to learn marketing in the: market ....here:mostof:,their,msjor
competitors .ceme from. The company did not 'feel .tbet. its marketing
was strong enoughYc enter the U.S. first by setting up an explora­
tion company and chen gradually working its way-intocompetltlon
in refining and distribut~onwith, othcrU.S\' petroleum'companies,~

A pharmaceutical' company, which originally entered the U. S:.
shortly after World War II by forming it~o~ ~u?~~diary,~note4'

that it had.reccntly taken over 100% of a U.S. hospitaLsupply , ..:.':
company. The company indicatji!d ,that as far' ,as" possible it pref~rr~d
to avo,id acqu1s~tions "and t~e" dige~t1,?np,r,()ble,ms t hat; ac,qu:i.sitions
usually' catlse,lI:but that in this particular case it fel..t." that the.
pharmaceutical b\lsiness' was ehangdng- so:,rapidlr tihat; .. it" could. not;
take the. tim~to~learnmedical electronics, and hospital servi~i~g

without making..eucb an: Ilcq~isgion. .

One experiment, d~signed"ec address the problem Of tecihnologic~i,:i~~"

and instiffic!E!Dcyof funds is;' the National Research De.velopmentCorporat.ion

(NRDC) in, the. United Kdngdcra, :This is. an independent ~~~lic::corpo~ation~

financed bygover~en~ l6ans, established in 1948 und~r,t:b~ Development 'b'f~'-';

Inventions Act ....hereby new high risk R&D ventures cen be funded'; "'The

fields covered are the biosciences, industrial chemistry. scientific equip-

ment. ,mechanical engineering. production engineering, electrical engin-

eering. electronics. computers and, automation~ NRDe Bssists the advance
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Being Insidethe fast-changing and competItive U.S.
market brings ewo advantages. First, newdevelopmeritscan be
transmitted more: rapidly to the:Europeanparent company, .50
that it can compete with U.S.-based sod other 'Europeanfi'rms as ,".
new products and methods are introduced in Europe. Second, a
corporate lead in high-income, labor-saVing products in the
U.S. prepares a European firm for competitive battles In Europe,
as EU'ropean markets take on "U~S." characteristics.

A good 'mimy' E'~ropean manag'ers: admLt; the: need 'to -leai·i....:b~';.doing
in the U.S. In. order to face what U.S."companies (or more daring
or lucky' European c'omp.et1t'Ors"with U~S •. operation's) "might emp Loy
on the Europea~.~arket~n future.

Olivetti is one company that has not hidden its desire
to learn from U.S. rr.arketing and technology. Plesseyis another
European group ,that has publ1c;1T stat,e,d .. its, des~~e to lea:rn frl;l~

U.S. practice. In its proposal, to~ ahareholders fo! ,~he acquisi~

tion of the U. S~ ,firm AlloysUnlimited; P~,es.sey stated,that,'·t.he
acquisition woul~allow it 'to, "acquir,e inunediatelya number-of,
products and know~ho~ which are important to our successful
development. ". Pj.eeaey Isdeputychairman notes that it :'would be'
uneconomic for" us o,r':any' other European malJ,ufactur,er ,to olea.rn
(on his own) the s~IUs evddent; in t~:e.A~:,~oys'organlzat10n·.1'

A similar,rat;ionale underlies part of Unilever I s Lcng-.
Btanding interest in U.S. operations. And managers,ufoneEuropean
petroleum company commented that "in order to be really successful
in Europe and elsewhere .. we have to 'compete 'in:the":market, wbere..
the greatest petroleum .market.Lng ;advances ..ere..berng made. ' We
have .tc compete in .the ·U.S. by direct .dnvostment .operations because
the quota system prevents -us "from simply 'exp'orting,' to the States'.,"

In all. nearly$O~ of the European company managers
interviewed in this study 'emphasized the Lmpor.t ance- cifbeing 'in
the U.S. in order to"tlfeed back" technical or marketingskllls
to the mother company; '.

In one of the most notable cases of a significant product
breakthrough by a European firm in its U.S. subsidiary - Sandvik
Steel's development of "throwaway" carbide cutting edges - perhaps
thcmost'significant factor was the fact that the Sandvik groupie
development director at headquarters had himself worked for tvo
years in the U.S. and Has receptive to new product dmpr ovemeute.•
He was able to convince group manageeent. of. the useful~css 0,£
transferring,this innovation frapl the U. S _,;,to, European operatiims·.
A development, team from headquar t.ar-s ....as ,sent' ~o, the, U. S; . t(J
work with the U.S, 'R&D group and furth~rcdcvelop the new product.
These improvements have accounted for. a great deal of Sar.dvik's
impressive g'rovt.h. curing the last decade and now acccun tvfor no
less than 40% 'of the' gj-oup 1 s worldwides~les,.;
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In -'the' 'past (since, 1925) th,e 'UriitedS,tates has'contd:­
buted most of the significant technological advances
;in· the field~' Although 22% 'of the tdeeu .for 'edvencee..
originated in Europe, less than 5% were implemented by

'European 'councr'tea "first. Clearly_."the U. -s , ls: very
efficient at taking a working prototype and incorpor­
ating'it into 'an'8ctualflylng componenv:for:ml1itary
and commercial use. It is in mak:l.ng the transition
from a model uc a succese ruj.i.an-servace system that
the U. S. 1s particularly capable.

In order for a country to adapt a technology developed elF.~where) the

process of technology transfer is of 1~~~nit~:i~po~~~nce. It is a

vell-known fact that the acceptance, production and utilization of an ad-

vancement is often delayed f~r long periods of time after the initial

development of that advancement. The effects of the U. S~ abili~y rapidly

to apply these technical advances has contributed significantly to increases

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

in an increasingly advantageous market position for the Unit~d States.

The cancellations of both the SST and B-1 efforts have contributed to

an erosion of our previous position. The recent sale of the French A-300's

(AIRBUS) to Eastern Airlines indicates that, the American aircraft industry

may be on the verge of losing its monopoly here in the States in the medium

haul aircraft area.

U.S.' aerospace firms are forming joint ventures with
foreign countries'. Boeing will'joiil with Japan 'on "<1"$600
million venture to build a small (l50-200passenger) wide­
bodied. low-noise, short takeoff airbus for use on domestic
Japanese routes. The.GeneraIElect~icqo.~~sjoi~ed

forc,es: with .SNE91A.",,:,owned ,~ythc" Fz::.ench,~o.ver,nment. eo.. '.":
produce the CFH 56 aircraft engine for use in,~TOL.aircraft.

Pratt & Whitney will join forces with a German consortium.
MTU, and an Italian group formed': by Fiat" and Al'fa, Romeo··to
p:roduce tIle JTIOD, a"competitive." engdne , . These en.g~nes·will
~pmpe~~topower'the~nextgenerationofcommer~ial:aircr~ft

replacing the, Boeittg 72lan~?37,:~n~, the M.cponnel~·-'Dougla8,
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8. Problem ,Summary

Let us' examine the problem frome.different' stllndpoint-- what are

the effectae! ,the lack ofadequ8tefunding? Several ,examples.and some'

quot8tions£rObl·competitive nations may help 'to 'place in'proper focus-the

more important 8spects,of the subject.

Some consequences of ~the ·lack of available research funds within, the ,

u. S. will serve BS typical csse-studies. The first of these involved

Dr. Amdahl, a computer research scientist who worked for IBM, having design

responsibilities for IBM models 704, 709 and 7030, and who managed the

architectural planning of IBM System 360. Amdahl left IBM in order to

pursue a proposed design of. a future large scale system. which would have

involved a radical change from IBM's then "present generation" computers.

Since Dr. Amdatu believed he had a technological idea whose time had

come. he established his own firm in 1970 and when sufficient financing vas

not available from American firms, or venture capital sources, he proceeded

to negotiate financing from a Japanese Company, Fujitsu, which now owns

28% of the stock. Some domestic support was provided by a Chicago business

development firm, Heizer Corpo.ration, which owns 23%. The Board of Direc-

tors controls 8%. First revenues vere recorded in late 1975 for the

470 V/6 computer which competes with the larger, faster IBM System 370's.

By 1977, Amdahl announced a net income after taxes of $27 million, on a

turnover of

industry as

$189 million -- a better profit rate than that shown by the

•a whole. The need for foreign financing effectively transferred

*IlEurope'sChance ofa Computet Revolution", Bus,lness Int,e~a,tiona~J -T~~.
Economist, April 22, 1979, pp. 105, 106.
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companies begin to eetabli~h;over8eaapperat~~n5~ This 1s shown in

Figure 12 which shows. the number'of firms.whoestsblbhedoVerseas opera-

tiODa. Note that this number moved very rapidly' from approximately 15 or

20 in 1966, to almost 100 10'1971. Further,we'can examine:the actual 1n-

vestment in overseas assembly facilities by"the same' semi.;.eonduetor industry.

In Figure 13 we see the nWn~~r oft'i~,:"_a.s,.~p~reeii~a~eo'(i:he total who

established overseas assembly £aeilitles~ , Starting:in196j~ very rapid

development began of newo~e±seaBa8~embly'piarttsby the semi-conductor

industry, which r~c~e~_B:-lever~f-8:~?~()x#ru~~~ly,,~9% '1n'197'2. Thus. most

..sembly or a significant p~,rt.~~'n,~O~'~h(:..~,~:s_e#bl9,of.~~i~~'~nduetor products

18 currently be1ng~·pe!.formedoy~r~_e!l~-b!"_~ub8~d:18#~~:~ri~:':':Jo,int ventures

of U. S~ gemi-eonduet,or:~i'gan,i2:"~t;:t9~8!

Several counterb~i~pelng,eonsequences,ofthl~ a~~i~~;,can be identified.

baa in several eases preempted. the establishment of Japanese semi-conductor

companies of production fa.ci+1t~e~:~n t~~:a~e~, an~ has also given the U. S.

eem:i-conductor industr-y·,a·-local· sales ',advantage~ A-'secondpositive effect

- resulting fro1D~one of- theoprobable, pri.marY",reasoDs, ~or; the everseas

movement, the availability.ofalarge,·semi'-skilled' labor force -- was the
.,'.

conta1.nment of total costs-."resulting',in,-c.o·~eumerp'd-ees'lO'fer than

could be achieved'ui,th·U. s·~' produ-cti(m~"

On the other side of the ledger, we must note the loss of employment

opportunities here in the U. S. (at least in the short run) and the 108s of

national income (in the longe,r run) due to:

a. divet::s.~n of :·~rofit.El and ;,t,a" :iru:;01lle, and "

b. establishment of potential competitive capability
(through the transfer of the technology).
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Contribution" in Billions :'of
Current Dollars

High teehnology ~nufactured goods +6.6
Agriculturel p~od~~ts~-----~~~~---------~1.0
LoY-technology.'me..n".1facturcd goods:.. -0.9
Rn~ ~nterl~------~----~-----~---------~--1.7

*5 fuet 1971

+9.1 +9.6 +8.3
+2.1 tl.5 +.1.9
-2.9 ~6.2 c8.3
-2.8 -2.5 -~.1

Table 3; ~ Contribution to th'eU;S'.-'"Bala~ce 'of /PaYilients ;by Indusi-r1al
.-Segments
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trade balance. The significance of this closing of the gap confinns :the,~.,

data 1n Horn's artiele. and indicates that we will shortly be faced with a

ccnnpetltor who 1s technologically on a par with the-'United States.

This raises the question of where are specific U. S. industries in

relation to high technology development or the generation of high tecpnology

products?

As previously noted. because of tbe area of ±aterest of the IEEE. w~·

are restricting our examination to three major segments of the U. S. induEi-

trial base in which we, currently maintain a lead. These are efeceecrnce

and electrical equipment in general. the computer field specifically, as

well as the aircraft industry,

In tbe-broadest sense we ,must examine the inputs-to·the bigh"technology

segment of industry. by looking at the research and development expe~diture8

as a percentage of the GNP (see Figure 10) as well as the number of Bcien-

tists and engineers employed io the research and development areas, which

1s portrayed in Figure 11. Note that both of these Figures include the

area of defense-related ~&D.,anif"th11i fact'inu6t be borne:\1n mirid1n~~heir

interpretation. Half the total government outlay for R&D in the U. s. 1a

related to defense, whereas the comparable figures for FRG and Japan are

1s -payitigof~.. The,s.' co1.llitdes'have· led "~ h\j'g~ ltic're~~e'ih 'the 'numb:~f,_of
~:~ ,.- -

fordgn'1nvention~';~:e~ng_))~tent~: 1n ~blit,'U .,S ',' _:~~d>~, ,~h17:-8~~it~o~",of

.,. i c' •

Technology Assessment and Forecast. 7th Report (Washington. D. C.: U. s.
Department of COUllDerce Patent and Trademark Office, March 1977).
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The Ge.'r:lllaD:·.Positio'~Y1s-s.-VisOther' Dc'velope~ Market, E.cono.mi~s". in
KarlA. St;roe'~:n:an~.:,(E,4:_.)lnno~~tion!EClJnorniC Change a~d Technolors
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Figure 7

•U. S. R&D TRADE BA~~CE

No..-n"o·
lnl.n,j,oo­
.......rKl....

*(Exports less imports).

Source: National Science Foundation lndicntors. as depicted in
"The Science Olympics". Business Brief, The Economist.
May 20, 1978. pp. 86, 87.
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goods. we see in Figure 6 that the United States' position in the world

market has improved only slowly during the past five years. The position

of the Federal Republic of Germany has remained relatively stable )over this

total period. On the other hand the Japanese have increased their po:rtion

of this export market from 6.5% in 1960 to 15%1n1978. The ~!eady

inerease in Japan's export of manu~a.ctured'·prclducts is significant' and

appears to be far m~re important than the previous, penetration by japan of

the total· export 'market. In partieul~z:. Japan's. pro!iuction of consumer

electronics has increased by a factor of five over the past "io yea.rs. and

62% of the 19?6ou~put w8sexported ($4.8 billion),* 30% to the U.; s,

Data become more difficult to obtain when we focus upon high 'technology

and its 1lDpact upon exports and world trade. As shown in Figure 7" this

is the ~nlyarea in which theU. S. ~as not only maintained but increased

its trade balance.
*''''' .,,'.. ,,-'.. , " ..,.., ..... ,',.,

Afecent symposiu,m on ,~I:Innovat,1on. !conomk', Change

and Technology Policies" provides some insights in this area. This sympo-

sium, sponsored in part by the National Bureau of Standards. contains

Beve~~1~;esen~~tion8wbi~h~;ovide some.in8ig~t~ into ,the.pr~b~~ and

possible solutions to that problem. Of particular note 1s a paper

presented by Ernst-Jurgen Horn (pages 129-147). which was dted earlier.

Horn has developed a measure of the significance of high technology

products upon the international competitiveness of nations. This measure.

*IIJapsn's New Electronics Goodies", Business Brief. The Economist.
April 22, 1978. pp. 84, 85.

·*Stroetmann, Karl A. (Ed.) Innovation, Economic Change and Technology
Policies (Bonn. Germany, 1976).
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from 3.3% GNP to 2.6%, an~ by 197~.~a8 down. to 2.2~. The U. S. figure also

includes about-5,O%: for ~ef,mBe-related R&D, wh1c.~\~'as, limited "spill-over"

to the commercial sector.

Gross'expe~aitureon research and development (a8 a per~~ntage'~~ GNP)

and gross research and development expenditure per capita also c.Q!relate

higblY)with;.rclative market share for research
','

intensive products. Thus

we can uBe~research and development expenditures as a rough me3sure~f

r
perf~rmance in trade in research intensive products. In general, such

studies as Horn I S have shown research and development activity to be. the

most important determinant of the structural pattern of international

competitiveness. The influence of the research and development variable

in the U. S. appeared to be even stronger than in the case of Ge~snYJ with

•Which it was compared.

At the broadeetlevel the relative position of the ~. S. in the world

export market between 1960 and 1976 is shown in Figure 5. During this

period we can see that. in round terms;' the U. S. share has dropped from

18% in 1960 to 12% in 1976. while:,that of thc( Federal Republic of Germany

has moved slightly upward from 10% to 11% of the total world market. On

the other hand we find that the Japanese have improved their position from

4% of the total market in 1960 to 7.5% in 1976. approximately doubling

their total export share.

This figure includes not only products based upon high technology and

mature technology but also the exporting of raw materials. etc. It is

useful only for presenting a broad overview. Focusing upon manufactured

•U. S. Tariff Commission f1gurea,~':Iln:~ Horn,; E-.;nst-Jurgen. cp , c.1l:;.,
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7. The Current U. S. Status

There Is no 8t8nda~d equation nor 8e~~of t~ble8 ,that ean be em~l~red

to determine our eurrent achievements in ~~e application of technol~~y

improviD$ either t~~ ~a~i.~nal ~el1~~eing or the S. position in the export

trade arena.
',-c';-

Furt~,e:t'l andprobl1b+y of evei1 greater impo.rtaol7B.; ..statistics

that coul~_pe a~plied,toexamine this ~ueBti~nare scatte~ed and in some,

cases imperfect. However, we can be.gin to,'d~v~~(lp' a feeling B;od in aome

cases gain both insights and indicatio~~,byexamining t~e lnfopmat1o~ ~nd

data that are available. A~co;dlng_to th~ product cycle hypothesis dis­

cussed in Section 5~ innovative activities of countrie~~epe~~~n,per c~p~ta

income 8S a measure of ,the stage of the c~u~try in,th~ deve~o~~~t~~roce~a•

•A study of 19 OECD member countries showed a significant correla~ion

between expenditure on research and development as a percentage of GNP, and

••per capita income. (At the level of the corporation. Mansfield 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 increase research and development funds.

This relationship is depicted in Figure 4.) In responae to this perceived

relationship, both the U. S. and U. R. since 1945 have consistently spent

•••over 2% of GNP on R&D. However, German expenditures increaeed from

1.4% of GNP in 1963 to 2.1% 1n1971, whereas U. S. expenditure dropped

•Horn, Ernst-Jurgen. op.cit.

;'**Hansf~1d..,E." "Re,search.and ,Deve;lopment' and'E,conomic Grow,th!Prpd,ucti:-,
vity" , 'Nationa1Science F,,?un~ati:on· ,~oll()q~~\im":'(~ashin~~oh."D~,.p~-::'GPO.;,;;
1971). .

···IIThe Science ,Olympic's''';' loco :dt~'
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6. : The ,United States Posture.

Wh~~ev~r th~rela~lv~ e~~~omlc ady~~~agee a~4. di~~dv~nt~g~sJ ~t,aepear8

to b,e:-the cons.en~u8, of both goye~~_t a.D,d industry. "op,iJ9.l?~:;tha,t:t,,~eO. -5.

8~ulcl: :.~tr1veto ,r,eta:!-n 'te~hnolog:l,cal 1~",:4_erBh.ip.aJ:ld: :b:C?t.b:, intez:es~.s are . ,,",<'='

concernedthl'?-t the 1.1. S,~, ~~.stll1duly;e:r~d1ngits; posidon _~by_ e~porting.

technola,SY without 'a~~quate safeguar;4slrec~pen8e:.c_,:r,he conc~.t::n of govern­

mental pol,+cY'4!18.:k~rs 1s man,ife,s,t~d_~y, such me,e~l-NtB;.ae th~s-: ,PJ';e,sent:heardng >,

under the joint auspices of the Senate Science•. Technology and Space Sub,'

c01lllllittee and the Interna'tional Finance Subcommittee. Other aspects of

the problem are being examined by a House Subcommittee; t:he Congressional

Office of Technology Assessment, the National Security Council, the Office

of Science and Technology Policy, the International Trade Commission, the

National Science Foundation, and the departments of State, Defense, Treasury.

Commerce and Labor. In view of the widespread interest. we are hopeful

that the outcome will be a systematic program designed to establish U. S.

priorities and to define a responsive approach ·forachieving identified

objectives.

Industrial representatives are also very much aware thae's review of

our policies and practices regarding the creation and transfer of high

technology is an urgent requirement. Foreign products Incorporatingtech­

nology acquired from the U. S. are beating out American productions in

markets around the world - including the U. S. itself. Because' of this.

U. S. manufacturers are harvesting too little of the return from their own

20
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of new technologies, e.g. in ~D.',and .drr the pr()duc.,..
tion of goods during the early phases~of'the cycle,
On the 'one ...hlind, these ::countries ::a,re relatively;
abundantly endowed with skilled manpower which 1s
intensively used in the above mentioned ,activities
and whose availability determines whether these
activiti~s can,or canno~;take_place. -Furthermore.
risk capital to finance R&D activities is rela­
tlv,ely. .abundant , On the ot.her- hand, a high per
capita income provides domestic markets capable
of absorping:newproducts. e.g. new;consumer'8ooda,
labour-saving household devices and new labour­
saving investment:goods. When,products become
more mature. highly qualified manpower becomes less
critical and the~ther factors. of production gain
influence in dete~iningcomva~ativeadvantage.
In the course of increasing maturation of products
or processes of ,production the comparative advan~'

tage shifts to less-advanced 1ndustrialcountries
'which can ,already handlethetechnologY:ln queGtion
and aie abletocompete:successfully withthe~

innovating countrybecaus,eth,ey: .enjcy the advantage
of lower wages/' Inthe-late.,phases of the cycle
when products are mature and standardized, compara~

tlve advantage shifts to the developing cuuntries.

Even in the high ,technology. phase,-there are edvantegae- m;:occupy1ng

second place, in that thehigh.r,iaks and.-inevitable· nfalse. steps"..
taken by the leader. A nat:ion which can maintain 8: minimal. gap

will be

can then

be prepared to M the pro~_uctf>of.leadingedge,tecJmology.butproduce and

8el1 slightly less advanced ,products where the margins-; are lese,;,bu~_the

volume is much greater .,.For-example,: Japan buys.,avionicsand.- sells color

television.

of rhternst!ot'la{
1966)

Theory
PresB~

*Haitad~-'K~ .. "LowW~ges .P:toduc~iveEffic1en~y. and Coi-iipa't'at~ve
**Advan~ageU;; ,I~:;'> 'Kyklos ,:'Vol. ':24 ,(1971)~

See for 'example
BUfbau~;-.'G,.G., sYrithiiticM~terials and' the
Trade··..(C~br1dge. --Matis.: Harvard University....---,:,'''' '--,----,,,,,".',,.--,' ',' ',' ""'"

Vernon'; Mymo~Il··tEd.h.:BigBusiness and the S'ta~e,-, (C~~1)r1d:ge.
Harvard University Press. '1974)
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The need to provide' acceptable -technical service 'requires 'that 'the":

l2s..!!. market suppller1llUst understand "the- operation of -t,he product.' its

virtues -and limitations. and extends' beyond- thi's -ec requirekn'owledge of

the design .end fabrication of _the product ..as ::well '8S itsIDode of functioning

such that one 1s able to diagnose field .ddffdcuf t Lea and -make the.,requisHe

•repalrs'or modifications.

The t runs Eez-of -techn'ologyandoflntellectual,property,-·!s perhaps

accomplished most readily-through the nobility 'of(people; This pz ocess

occurs not -,orily through"hiring -pr ac tdcee t de.Idbara t eLy. designed .uo -ecqc.tre -

advance "t.echnoIcgdcaL information;_but-through- the r.o,utineday-'to.""'day

mobility of thework<force"within andbetweencompanies.industrhia .and

It '·is ofcou.rae amdendahl.e' that,,·technology"transfer is facHitsted' .'by

foreign assembly,; foreign manufacture of ,components, and co~pleta foreign

manufacture.', _,But" it isessentisl to .undere tand 'that the absence ,bfthE;s,?

may have other negative effects for the Laduet-ry involvedi:-in-cluding,' .borh

the loas of :fol"e~~,:<m~rket8";l:mdnhe :~reat~on'>l)f'.ne'l,t'~sourc:esof,foreign

competition,; "and .even.eo :wi11 not result .Ln pror ec.t.Lon ofi,~theba81(~

technology. the'rliasemination:of- technolog~_:~~,bestoppe¢: it ca~

••only be 'controlled' arid ,slowed,':dow•

•Stee.le;,. _~~.e~l ,w ••_The ..Economics ·,of In.~ernati0l'\al ',r,echno,logy ,Transfer" ~,n

Kar:CA;Stroeemann> (Ed.) Innovat~.on. Econ6.~ic £fiaIl8~'arid. Technology ;
Policies, Bonn. Germany, 1976.

••How Technology Transfer Affects the Competitive Position of the U. S. in
the World Aviation Market (At:lington. Vo.: Forccai3.ting Interr.atiij'ii'~r. ,~td~;_:'"
MarcW 3,];972);0- iV' ,.. :;.. 1"

16
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T I ME

Figure 3\ Technology Growth Curve

'AA typic,almeasur,E1 is the perc,entage _,of firms ,::In ,,8: J!a~,t:i~ula1", l~~duc~_
area ·whiehadoptthe new technology.'

14
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HO'W8ver, the direct economic gains on the int~!=11at:ional.scener~:Bulting

froD) the sale of,techno.lC!$Y-based products have been de~lining rapidly. f-n

the area of ,8emi-~ond~ctorelectronics, where ~. S. ~orporations have made-, '.. ', . ,.,' -,' ."" . -' ..

nes!lyevery tec~ological b~eakthrough. the U. S. trade balance has been

nega,tive since ~968,an4" now stl1nds at: minus $2 bi1l,io~, e?Ccluding",C?nly one

category --t~at of computers -- in wh1~h the~. S. retains a favorable

•balance~ ,.Further co~ent_aconcerningth~~ psnlc:ular.situlltionwill _~_e

mad~ below, in section 6. ••
~ DECD report cites the compu~er Indu5~ry,~s

one of onl~ three areas in whIch the u~ ,S~ reta~ns its te~hn~~ogical ~~a~~

in terms of net export of the' technologY,,?ase~ .(The other two are _aero~pace

and heavy., elec~ronics.).

Other studies have confirmed .thattbe compet.tti.ve...atz-enguh of 11. s.

manufacturing industries in'world markets is Cl05~ly correla~ed'with the

•••perfo,rJl!.Bnce in t~chn.oltlgical_inn.ovation'H.,!~ever~,,w,ith _regard to, parti-

cular peodueee , technological ,leads only .t;emP.tl;~~ilyp-rov:f,de,,compaJ(.8tive

****
advantag~e, for ~he duration of the ~o~called,~it~tionl~~;

In the ~tll~owing B~ctio~, therefore, we will examine the characteristics

of technology and itB; evoltJ;t,lon" to.assi,st~~deter:lJd~~,ng an Opt:f,IllU!Il policy

in controlling and/or capitat+zing upon i~s.4~yel~pment. a~~!ic~tion anq

dis8eminat~on.

•Boretsky, Michael.,U. S. __ Department of Commerce,as quoted in Fortune,
May 22, 1978, p.,lOB •

••Gaps in Technology, Organization. for Economic 'CooperatIon and Develop-

***tp.ent •. ~~?9. , , '"
See' for example: 'Vernon•. ,R. o,,-,"Internationa1: Lnveatment; and 'J:nt~~i<:lnal
Trade:-.in:the Product 'Cycle",. In:, Quarterly JournaLof. Ec:~nomlcs, '
Vol. 80 (1966); Keesing,D. B., -"Thelmpac~ of Research ~nd Dev~1~pment

on Unite~:,State~,.Tl'~de". _J:~:,,, Journal of Political EconomY,_, .Vol.~'7~
(1967); 'Baldwin, R~ E." "Determinants'of the Commodity"Structurc of

:U-.'.8'. Trad~" .~: .In: AillericanEconomic Revlewj;·Vo1.;6;I. .. (1971).• "*... - ".: ',,-, ,,"'" , " -- . .
Posner, M. V•• "International Trade and"Technical.Change".,. In: :o~~ord
Economic Papers. Vol. 13 (1961). '

12
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countries. In the four high technology industries. aerospace, heavy'elec­

tronics (including computers). chemicals and pharmaceuticals. the two

ereeei vh~re; w,e lead are aerospace and:",~·}ectronics. ~here signU"tcatit

amounts of 'monies are funneled through government agencies by the Depart-

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

industries. che~istry a~d pharmaceuticals, since they dr~:~atui~"te{hno-

logical industries the bulk of tl}eir money comes from internal corporate

funclear the stock,market..Thia; provides .eceie indication that when the

goveriLmentfunnels R&D money to private firms (as ill elee:t:rdnlcsand .ae ro-.

space). ,t.he industFyprospers, and. we .have a technological ·le;;{d-; .

10
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~

NO~~~tP;~~e~~w~~4~tcby couQ~~~. ~~91"*9?7

Ge~ny.,,~,

England
France
Sweden
United States
Holland
Dentliark
Austr'ia'

i;
;~

6
6
4
3

United, States
England .,

"Germ l1oy
Switzerland
Austria
Sweden
Italy

'USSR

,-p
18
14
"5

4
·2

2
2

}96k19Z~'

._United,.States ',':::
-'-'England

G_erm~Ii.Y c">,France
Sweden
USSR

,;4u,El~ria ..
Belgium
Denmark
Argentina
~1,16;traV.a
Canada

',.; Ita~y . _:~

Norway

53
20
·6
"5'

4
3
2;;

2
2
1
1
1

i

-.~

•Select~d Invention,' .an,d:,Patent~;R,ate:'l' by. ~0t41,~ry

United States
Great Britilin'
Germany
France
Italy
Switzerland
Sweden

A"-
Total Inventions
on Selected List
1600-Present

203
58
32
29
14

4

,.
Average Annual
Patenting Rate ­
1930-1939

38,300
9.050

14,600
9.-550
3.900
3'~130

1.030

..C ..

Annul11
Pa'tenting'
Rate - 1975,

56,509
-12,322
37,73311

'1-3.386

4:~369':"­

9.100ftfJ

*Bode, B•• Basic Research and National Goa~~. (Washington, D. C.: National
Academy of- Sciences I March 1965) •..
Private''Comnlluilcation',''U'; S. Department of 'Commerce, Pate'nt arid Trademark
O£ficeIMay1978~ , . ,

'We9t G~rmany only (FRG).

HOThi a is made up of 7,233 .foreign filings. and only 1867 by Swedish
nationals.

6
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relationships.' between~_ti_~IMl:rch,.t:e.c;:_htl~l,!?gy,:_an~_!!,con0fC.1c._8:rowth., _~nd. assist

in the definition 'of 'the appropdaterol~~of-Government,in1.mproving the

international ··technological andeconomi.c' standing of tbe 'United' States.

4
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S. R&D investments can be increased by direct govern';'
1Dent:_:_f~i1ding.,of, lo.ng~rang~mlssion-oriented
research. and by tax policies directed toward the
enc~u~ag~~nt ofprivate-sector,sup~ort. Th~>manr

other obstacles to the maintenance'of U. S. leader­
.8~lpare~ddre8~~dat:le~g~h in th~body,of,thls
document. ,", -

6. For~:l.gii investment in U~ s. flrms;"while iio'creasiiJ.g
r:E"Pl~Uy,". ,is,.ll.t pre~~nt_?nly ,Il,tllino:r factor iro the
erosion of 'our technological"lead.'. The 'resulting
t~ansfer~f tech~ology ne~d not, be harmful if we
ourselves act,promptly and-poB:i~lve:ty to;captu:re','
~n~protect p()tentialmarketa~ ,~?wever t~e_extent
Pf",S:1:1cJ:1,'investaUil:nt. needs to'1?~~9nitore~_a~d-. if
nece~~ary,c()~trolledbY~~~n~r~~ authority.

7. Agaiii~ U. S'".,xt»orts, or techtl.n;l,:ogy end h1ghteehnology
products are not necessarily detrimental tO'our inter­
national stature.,Atwo,~,ayflow,. and a coherent
DatioDa~ pol,~cyI, are essential to our well:-bein.g.
Ont~~,~ther hand. it should pe,noted t~at our society
is becoming servic2/;infor1lla,t1on,oriented., Th'e sale
of ,kn~wledRe must be pl.~~d ~n,a'bus1ne8s
basJs,. '

8. Licensing and Joint ventures abroad can be benef;idal
to the U. S. 1f we can maintain the two~way flow of
~E!~hnolog~ca,l i~novstion. P,ot~?tlal exports are"be1ng
lost due, to, ,the e)Cp0r,t of technology • but thi~ .-need
not be the cD,a,e'v1,th careful" planp.1ngat, ',tl1e_na~.i'~nal
leyel. " '" _.

9. Ourrec.o1lllllend~i,~on8 forimprovl~gexpo,rtperformance
in, hlgll. ~ec,hn~logy, goods and servic,e,sar:e:'given: at the
end,of th18~ocumen~~:"~t i8ourc~n~en~~onrha~,thiB
needs, to,be considered as an intrinsic ,¢om~onent of a
total,,techn~logy pol;i~y ,wq~ch r:ec~8-nize8,the need for
balance,. and, tlf.l:goti8.~ion ,stan .int,~fDational ~evel.

2
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:rr~-9Atr;e1I()r~' to ',intr~4:u~e- aIi;iinproy,¢-cla.*~~'atlgn st~lictur~' for,.thelfed-
eralJl,&pbu,dget;', '. ,',--,, .'".," ,'". ':':"';', .::'" .. _ '
:.l\s-part,'o~ :'ll,'planIled GA.Q,studr: orrthe J~pact_ofva,:I'ious_Fed~r~fpoltctes on­

industriaf 'clipittil 'formation, we .\ViII, revtew th~:interrelations;a:~ong,Federal
R&D~activity~ private R&D actiVity; 'andind;u,~trial ,capit'alformap.on. ,This',stud:r,'
wi)} consi<ler.th~_dlr_~ct impact of Federal tax, patent; RD<Fregulatory'poli'Cies"
onprivate'_'~,&De_xpendit'u'res.--In additio,n. ,the im~act'of vlirious Federal-poll­
cles on the'bu~illess ~rivir<>nni~nt and th~ ,effect of this enyi~onni~nt()nimlustrillJ.
R&D expenditures "wi1(be" ~~y~sti~atecI. 'Mor~ spe~i1i~ally;:'we''Will,:a:nalyze: tl1~
effects ofFederal regulatory and ,e~onoDli~"sta'bilizatiori'policie-s ',on' ,:bO~ ,l)ll'siness-':
men-tereetve ~Ji~'~isk1~'e,s~"of their:, environ:m~ntahd new changesIn .tnese per­
ceptions ,'at'fect .-th~ level :,i(~d'~l1o'cat~on,of.thetr Jl&P,:~xpenditures;" ' .

"We also'Plan':-to,analyze,'the" irnpaCt',"of: the' level 'find ,comp()sitioiJ. of-Federal
R&P, exnellditures 'o,ll',in<iustrial'R&D 'emendttures andindustI'hil capital forma­
tion.~ Ill'~his:effort; "we ,'",ill atteJ.npt todevelop-more eff~ctiv~ iIU:~th()(1~ for, ~~lo~{
cating:,Jfed~r'3J R&D:·~xpenditllres. J, ' -



896

States, our principal foreign competitors have well-developed government-directed
programs and special institutional structures for overcoming barriers to diffusion
Of existing manufacturing technology and for advancing the state-of-the-art
through coordinated research and development programs.

'In addition to improving traditional manufacturing methods, computers and
numerically controlled machines are changing both the management and the
engineering technology of manufacturing. Tbere 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 productlvlty-imprcving In­
stitutlons and mechanisms were created to recover from the adverse effects of
war.,.:' " , " ," ' ,

SU,sh"institutions exploit, develop, and diffuse the new 'computer-integrated
manufacturing systems and are well-designed 'to continue development of their
nations' manufacturing productive capabtlrtles faster than that ,of the' 'United
States..+'hei,r success 1s evidenced by their incr~:.lsing share of the international
markete-c-In some cases at th,e expense :Qf our own manufacturers. ',.

But our principal concern is fOJ;,.,the future. Short-term benefits are possible
through improved diffusion of the a:vailable technology. For 10ng,~term sustained
productivity Increases, ;R.&:P is necessary to find newmetliods and to refine 'exist- °

tng technology ,so, tha~it can be economically used outside, the few highly capi-
talized, high-technologyflrms. ", ' " ',"', '

In the most successful foreign countries", both programs .and "Instltutlonal
models have involved joint public and private efforts. The United States has no.
comparable national program.calthough several Federal agencies are Interested
in thta aubject. Anew, organization has been created which could provide the:
central focus and leadership. This agency is the National Center for Productiyity,.
and Quality of Working Life, established by the Congress.In November 1975;

We have .recommended that the Center take. thelead In developing a n~ttonat
policy and appropr-iate means for achieving balanced productlvlty growth in the
industrial manufacturing base. Fm:tller, we: propose that the Center, in carrying
out this recommendation, seek the cooperation and assistance 6f 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
Technical Information Service, would ullow that Department to .play a major
role in providing technological .leadershlp and support.

The .comblna'tlon of expertise of 'the Center and of the Department of Commerce
and their, close coordination with other public and private organizations 'can
provide themuch-needed focalpotntfo coordinate all the disparate Government
and .prlvate work in developing, .standardlztng, and,diffusing manufactur-ing
technology, and assist the emerging Stat-e and regional productivity organiza­
tions to advance manufacturing technology.

A number of specific functions should be embraced by this central focus and
leadership; Three of the major ones are:

Collect and 'evaluate manufacturing,technology'information .from all available
sources and establish means for dissemlnatlngvstate of, the art knowledge :to
potential users.

Foster the.development and acquisition of new technology in various ways.
Analyze public policy .options and, formulate .recommendattons that will im­

prove Govemment-Induetry cooperation in stimulating productivity improvement.

WHAT CAN WE DO?

What can we do to improve the climate for: Government-industry cooperation?
I have no panacea to alleviate the attitudinal, constraints that continue to retard
the development ofa more constructive partnership between Dovernment and
industry. It,behooves all of us-individually and~ol1ectively-to"make .ex­
traordinary eff9rts to achieve better commtmtcatlon and mutual. understanding-of
our .respectiveneeds and interrelated goals in the, context of .our total respon­
~~bilitiesand,obligl1,tions~"", , , ",,' ',,' "".-,.,'",',:':",,'

O""'\,:Continue,dstudIe$" and pUlllicatiOrl:,'of':resWtir;ig 'rep.t)fts"Clfl!."ifY1~g' the 'Issues
and" alternatives 'should help Improve-understanding. An;exceHent'exampI~.is

the JuJY,,9.1975,:,reporLpy,Robe:rt Gilpin, ','Technology tmconcmtc Growth, and
Internaffonal Competttlveness," report prepared, for.use by the 'Bubcommtttee on
Economic Growth of theJoint Economic Commtttee.Another good exampieJs the
)973 report, "Barriers t() Innovation in Indu~~y ,:Opportllniti~s for Publfc Pollcv
Changes," based on study sponsored by the' National' S-cience Foundation and
performed as a joint effort by Industrial Research Institute and Arthur D. Little.
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be served when private industrial contractors, wlth a few provisos, are granted
exclusive licenses for commercial development.

When developing and marketing. commercial products, industry naturally pre­
fers to exercise its own discretion independent of any Government assistance or
influence unless it' needshelp to deal-with serious threats fromrorelgn 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 fromcfnnovative R&D to R&D and
other investments necessary to comply with regulatory requirements. Further­
more, soma multl-nattonnj corporations Illay not-be inclined to share strategic
information with the Governmentand to plan and conduct their business in Such
a manner as to assure harmony with theInternational objectives Of the United
States.

AS,a final attitudinal concern, there are many in both Government and industry
who are unwlflingvto assume respouatbtlttv for ',vq.at' "others would judge to be
reasonable and necessary risks ror investment in exploratory research and devel­
opment when the payoff is uncertain in termsof time or economic return.

MfLny facto,~s, have been Identified as real or tangible constraints .that tend to
cause a decline in technology innovation. Among these are the nncertainty of the
economy, the high cost of capital, and. the slowdown during the last few years in
Federal spending for research and development.

The myriad of regulations established by both )federal 'and State governments
ajfect the cost o~ doing business and may involve conflicting requirements im­
poseg, by dlfferent agencies. ,For example, in Federal procurement of conventional
commercial products.cthe' public would be' served better in many cases ,by 'best­
buy competition based on superior or innovative performance and life-cycle-costa,
rather than by the prevalentprocurement practice which tends to favor thelow­
est bidder who offers productameetlng acceptable quality or minimal speclflca-
tiona. ',' . ',.'''''''' '.'

In the larger sense, criticism is levied that the Government has not established
a. consistent, national policy and strategy fpr Gover.nment-in{iustry relation~ to
balance incentives and constraints and assure a ravorabte ~l~mate'for technology
innovation by private enterprise. This contrasts sharply with other nations,
notab,ly',Japan and West ',Germany, that have pottctee and,: special-Institutional
arrangements to "foster industrial teclmology -Innovation ,and' improved manu-
facturing productivity. " . - "

Part of this issue is the question of whether, our antitrust laws, established
primarily on a domestic basis, need to be 'reexamined in an economy which is be­
coming -Increasingfv world Interdependent in. market relationships and .compe­
~ition.This question is' .hlghlighted by the increasing number and slze.of mjIlti­
national corporations and the fact that roretgncomorattons ure.growtng.faeter
than U.S. corporations.';;: ' ... ",'-- ." .'.:"" , .,':- ,'" , __

Most of the: other, industrialized nations .have developed. closer"reJationshi:ps
between government 'and, the private sector on capital formation and-'R&D directed
to the private economy. 'I'hts.Is.an area in whlch.we perhaps should e:xplore'new
perspectives for Govemment-prfvate sector interaction within the framework of
American Instltuttons. ...." -

Improved productivity and advances in science and technology cannot take
place separately from other aspects of national policy ; advances made .In the
laboratory and on the testing grounds .requlre adequate financlal aupport. ot»
vlously. However, these advances can be stmilarlv flawed if SUch support does
not go hand-in-hand with policies developed which will maka it possible to use
and develop these innovations. The Internal Revenue.Service, Securities 'and Ex­
change Commission, Justice Department, and Department of Commerce all must
,play apart. 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 wlll.. coincide. with adequate acc0tlnting
as to their impact and consequences for rlsk-taktng and technological innovation.

There is currently no procedure rormeasurrna tne effect 01' these Government:"
decisions on science and technology. Thus. industrial rtsk-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 Pollcv
will recognize that innovation must come as the result of total Government
poliCY-Dot the more frequently narrowly construed concept of science and
technology.
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expected vetue ofa patentwould be greater.-r~flect;ng qreater-demunf ty

from legal attack and from "pe tentinq around;" The courts should not be

called upon to so often mate the-di s t i nctibn between-week and .s tronq

patents and between viable andnonvtebt e patents , Thts-would -reouf.re a

more careful comparison of pending .patent app Itce ttons vt th-exi-s t tnq .

patents and, perhaps, a separe tton-of-fnventi ons into categories for sep­

arate treatment on "the .bus ts-.o f the; r impor-tance .as. in Germany,63 These

changes would, require a'greater Patent Office budget as-well as ~ore;ex­

perienced personne1.

Another approach might be toaTlowsuitfor treble damages, in patent in­

fringement cases . This clearly would .increeserthe barqai n'inq-power-vuf

patent hcl ders.iandv.f n.so far as,.,maller,firms 'have a-conoarat tve. edven­

tagein patent.tnq.ewou'ld- increase their bargaining position.

A final propose l forpa~tent retornr ts consf derebfy more redtce'l, -Thts

is that the patent .sys.tem, end/orxthe prcposed dtrect nvard system"dis.;.-.:

criminate between.ff rms on the bas-ts-on.stze. The, petento-tchrs ur

smaller" fi rms. coufd be def'tned-more .broadly an'd'ihelife, o(1'ts-patents'­

could be greater.

larger ff rmsvunduubted'ly wi11 react .wfth .tndt gnatiorl .to nroroser S., 'along ..

such lines, ,,-Yet they, have a cons tderab l e-eppeel: even on the basis' of

equity. Nost:government,;l] requf e ttons-ere di sp-cpor-ttonatelv expens tve

for sua ller fi rmsv Except ..forspos s ibilHi es,iXlfnot·'getting 'baugh,t,::,ther:e,,:­

are clear economies of-scale. in, .deal tog: wilh.90vernmen.,tf,egulat:toos and,

bureaucracy. Ihe.ctype of change proposed would .help.ba lence-the eff~ct··

of other regula ttons .t~oreover,; thi.s . country "has a1ways out ,<,! .preet emon..

smallness. /large concentre tton of-power in eny. areestare quite rightlY ­

mistrusted. Policies calculated to recognize this set of values coamand

a certain force of their own.

Firms on their OWl') can effect re,~{)rm:' ')Fi~~s t'h~mselvescan, an'd--d~',
make purely internal-arrangements that promot~"a~"~ffici:el)t:'al"l~'~~tlo~'of

f' __ " "", ', ",,' :' " .-'--, , ,' " " .,: "i~' ", ' '''''.' "'~'. ,-

Rand 0 by size"Re5;earc.~unjts can,a~tempt to;duplicat~,Ylc:Se, c,~~di­

tions associat'edwith the'S~l~ller fi r~ tha t 'a~e Ill'os,t. pr~d~c tj·~e. "In fac,t1
larger firll)~ ~orne:t,im~s f~nd;~E!~earc~.~'~fo~ts'and, have a,f!lirl~~i~.{',.,~'~~c:~-; ,
hol der posit i~!1 i n r-e latjyg,ly:: SI!l,a ll"/i rtns-head~d,b{~ <l hig~ly cree ti ve i 07

ventor-. Such"en ~rr~nge~eD;t lnay'~re?t;e "~ ,b_~,~!'er,,~lp,rk ~tmosph.~l·~, b~t, i t
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PresumablY",lla.rri.ers._:.shou,ld be 1o",--enott9!~- to preS€lltthl7eatof COlllpet.i,'"

tton , but h;~lh .en,ough so .that tnmedta.te e.ntry,.~JOu\(H19t.clinli.nate the

rewards of jnvent;ion too :Gujckly,'; .Such ,mo.ryopp1)~::,po.Her,::_,«ouldpre,>umably

deteriora~e over: t-lme dn eccord with Scnumpeter,',~ nq.,~iol1,pf creatj ve de­

s truct'tpn.

Schumpeter's thesis r~~wrd;.r!g nnn:si~e Jasd,istingVishe,d,frol'Q,monopolY)

was taken up by":palbr~'Jth:

"There is no more pleasant f i eli cn.vthau that -techrrtcal "chance ts-.the

product of the matchless ingenuity of a small man forced by competition

to employ h'lswt ts rto be tter- his: ri'e'ighbor:' Unhappi'ly, it -is-a' f tc t ton,".

Techni ca1 dcvejopment has 'long slrice become-the preserve: ofrthe -sc ten-; '

tist and engineer; "lost cf rthe tcheap-end s tnol ehave.vto put it bluntly

and unpet-suestvetyvbeen-mede-v-'. Because "devef cpuent Ts costly, i:t

fOll,~ws that ,',it, can 'be ,card ed-en- O·;l·rb;~;:fi'~~ih<i.t-has" tht-';;;~urces
~hi~h'-are'i<fss6ci~ted Wi'th':;b"nsider~ble -'~i z~e. "60

Galbraith'sstatemeniab6ut tbe-denrise of' cheap.sand simple' inventions is'

remfnj scent-uf-tbe late nineteenth century patent comntssione r whorre-,

signed on the grounds, that a11' the 'important i nventf onsshedfbeen made>'

Every yearvthousands-of simpleund tmpor tant tnveot.tons ere-made-by sma'l l

firms or by'iridividua1S;: Penicillin, the' Polaroid camera and el ectro-

s tet.t c duplicating were .per-haps not s tmpj e tnventions , or ctscovertes ;
but even these were the product of the single inventor or:' sme'lI f i rm;

What Ga lbra t :th",is c1~ingi s confusing the i nventi ve functi 011 wj.t.h the

deve'lopment- func.t ion. .Qalbrai-th~s confusion \>!Ould result in a fail:;re to

seek means, to, combine more cff~ctively Lheinventiye dfici.enV ,~

smaller firr.Js I'lith~he development efficiency .of thelarqer'firD1s. To

-thts sUbj 7,ct,I'H? now .tur-n .

-Tbe direction in which solutions lie can be Seen by considering a per­

fectly efficient patent system, the absence of uncertainty, a perfect

capital mark~t and sutticf ent'ly 10:'1 transactions costs: In :~.hissit\1a,'­

ttcn, one. wcul d .F'lnd en optime.l a l loca t t on cf R and 0 tasksamong •. jions .

Activitieslpil,ding ,to -or-iqtna l inven t ton voul d tend to be-concentrated

in smaller (irms, andoevel opmental ec t i.vi t i es woul d be concentrated a­

mong medtue-s t ae or larger firms. Smaller ftrms could sel Loricon tr-ac t

original inv'entions to larger ftnms in ane f ttc tent market setting and

the allocation of resources devoted to the .var.tous.aspec ts oCr: ;an,dD,
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small t trms , which is also a view held by Pavitt and 14ald. In an exam­

ination of empirical evtdence. from the;196Q,'s, they.concluced tbe t
- ... - -"~'''o,....",,_

{I,,~~?_~;:,,~_~?".:,T~ll.:t,~~.:"'~E~.P,~Y, com~1~~~,IJ;~~r)':.!,,?!::,~;!.!1..Jlin9!.'.~.t.t9Q ..-, ' Sma Her-
-ff rms concentrated, on smeller-scal e, spectal tzed and scphts t.ice te d equtp­

ment and made. major innovations after terqer firms had letv.the 'oppor'tuni­

ty sl ip away. 51 Pavitt -and.Na1d a1so -found that "oppor-tunt ties for,

o small ff rms tend to be greatest in the eart tes t stages of the produc-t­

cycle. when economies of scale are relativ~lY unimportant. market shares
volatile. and re tes-of entry and fat.lure h.igh. "52

This vi ew of. tha.comp Ienentarytesks .. of the Jerqeend small firm i sejso

sU9gest~d by.th~deta1J~d examination of t~e de~elopmentof i~portant

tnvent'l ons by: Je\"ke5;n,?a~Jyer5. Sti LIerman ,and .by t~e, investigation' Of

~luel1er and by oth~.r-stud,i,es. Theji.eir.ve.sJig!"l-tions,show' {f mp'lioi tl y ,' as

the point is scmetimes overlooked by the euthors l-cthat the initial pe t-:

enteb1e i dee , which, j s of course an essentta 1 s.tep ; i sane much less-ex­

pensive then. the s teps transfor.ming -the .original-idea into: a' term that

is commercially: useful; and, marketable;;' Ihe expenses tnvorved-f n-the,

stages of cevejopeeut. after. the".9riginal f nventton are, more .. often than

not. prohibitive f!Jr. the smaller Hm· S}

. The patentable concept of electrostatic machine copying was developed

by. one man I Carlson: 5i nee this was ,a, new process-subs ten.ttal lv: di·ffer,,..:-:

ent from existin,g processes. a j-el at'lvely snal Lcompany (Helotdl-coul d

develop the process successfu'lly and becone. the cl,eadir:g.produc.er (Xerox)

in the new field. 54 Ihts-j s vto be-contres ted wf th, say, an innovation,

that improves the performanc~ oLexisting copiers. Dtscovery of such-en

improvement by a laboratory becomes som~what more probable, but itis

much more l tkaly that the.develcpnent o.f,~"o.rknecessa.ry.'.to convertj.ne

invention into..a useful ,fi na1 product ,wi,l;l be performed. ,by a., Jarger"ri rn.

Even the expen'se~~f, certain·,:typesof inftial inventions 'ili.re,be.vond:t~e
means of sma11 ar , -fi.rms.'. lvhat .is. uncerta in,.; s the exte~t;:,to',1:lhi ch .c~p.ita.l'

'.. "'.. .' ...-.,,,,,--'. '",.-"',,,.,~-:,,,,,,,,,~.,.--,,,-~,"-"'.--'''''''''''''''';""'',"~.,,,,",.-. '~'..~-~...'"
constraints, inherent riskiness of invention and the large costs of devef-__K~~'~·~··~·-'_...",,,q,,""""',,,,.,,, ..~~._.~.~~,."~•.,...","~<."_""" .._~".<_,«.•_.,,,,,_.,..... ..,.'_~"'"' _.~__""~'

opment di scoureqe -tnven t i veness. by smaj ler firms.' ,,:Cha noes -are ,tha t,thi S~'

i;'wa p~~-bl·~~·~f·c,~r,;,iderable. mag~it,~~e::'"-''''"M~''",''' ------ ---~ "-~-

Just recognlz:i,ny the, Pt9~le'mjs'en, important step since cur-rent' mythology'

obscures it. -'. :r~e, proposf.t.t en ,tha·t, smel 1erfirms.have a .comper-a t.Ive ad.­

vantage in il~vEi!ntion, whHe.,mep"iUllkSize, finns are us'uaJlysuffJciently
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Thi5 gene.ra1 ~atte~n.Jsborne·out by tbeques.rtonna ire, survey of tocper'' 7

who interviewp.d' tw~~ty~five peoplewit~ experi~nce in,research,and cl~vel­
'opmentv pr-tmarf Iy in chentcat s and electronics, most cf \'Ihop hedmaneqed

development in both,,1arge and sea'l l companies. The esttmetes.peetved

from these interviews indicated that large ~ompanies must_sp~nd from
three to ten ttmes as much as sma11',' on~7-to""deYerop:a·pa"rtTc~-,-ar,,-;,pro({~~t .

......,..., ..... '••", ... ~,;_ ••• ~••• , •• _',,:, ,,', ",,_,.,', ,-', .. -,,-- ","_ ", -', ..' .. _'0 , .. , _'._ ••~ •• ': .-i._•. "'-'

The reasonS for this' are·-presented-,below~·--··_-·""''''''''''''---"·._......~...
-.,.......~'.,.,_.""••~,_ .-,'0 ,,,,?,"".' .'1,,_

First, ~he av~ragecoIllP~tence~ftechnical,pe?~le,.i.o s~aller. f trms is
hi 9her...~ihan·~.r~ "l'a'rg;firms~~"~ G~e'~ ter-"'f~~'edom- ola~-siiia'l le'r' ~'o~p~~y",'a'ppa r-.
_-....,_.,~ ...--......_-..... '-----.'.,.:.;~,""~.. _.' .,,:--'. ", .. ,. " ~ .' ... ; .. ','. .'

ently is' attracti,ve;, re~ea~ch'personnel:ll1ay owns i911i fi ca"ntamounts at
the stock of sm,all,'companies so that the:Jncen~ives,forsucce;~~ful'inven­

tion or 'innovat'io~ma~,be si9n'ifita~tlysreater;:~n9 sm~ll companies are
less l'ikelY both' fa ~oi,~rate unprodu~tive"per.so~nel· and Fohir,e,.unseason­

ed people. Although·Conner does l1qtcomen.Lon this. apPill',~n,tlY9re!lter

productivity ;,9fR a,nd D,Rersq!"nel·ln Smali~rpl:.nts derives.in,pa,r~from.._

their higher salaries~~either'beca~sethey'are,~6re,~xp~ri~ncedor~ore

competent. or because,of th,~i.r.di;ect .9wn~J:'shipWhich acts ,ils.:a,n tncen­
the to produce. Nevertheless. if Connof;estimates,are,cor:rect,i.t.would

seem that ~h~ 'addi,tiona"l exp.en~E!S; ,~r.~, more :.than offset. by ." the .i ncreesed
product.tvt ty. ' In '50 fa~as the,'incn:asedfinanci~~ incentive tncreases

producti vi ty, one may ,\:o~derwhy ,},a;fge, comp'~n i ~s,do)cnot adopt some .tn­

cent.tve sys ten. An. eX:perience1.pa.t~n,t· agen.t~·Ji t~"a la~ge.chemi cal ccmoany.
suggests that' this is true because in eJerqe Rand 0 organization such

a system would restrict tnforme tton flow ~Iithi.n,the,company a~J~cre<lte

difficult rivalries 'and Je,alous'ies.:"'8

~~~n.~'_~~S~~,i.sal",-p~.9,p.le:,a. r~. _my5!'.....m._9.~E!_<;9l.Lf.Q:')2.<;J...o.~s. .~omehow the small
fJ.rm is better }ble ,t9"a.c;qieve ar:;atf!!o,~phe,re.in which ,tecfll}i,ca,l,yer.s,onO:i?;l
are left alone to purs~ework and. because ,of !h~ closer identification

of the personnel with the company, the personnel-place .a hi,gh priority on

the way theiretforts' contr-ibute to the company's success.

Third, in the .smalI company there ts create- ease of coumuntce tton ar:d
~_"""".~'" --""'.'~"'.'" ."'~'~'''''''._.'''''''''''''''''''''." ...;~•••'~_." ,o,_,••·".~ ••••.•• ' • - ,,-

reduced problems of coordination . In srnaller.compa,nies •.techntce-I re~.,._,'.,...•- '" ,--"",,-' ,-.,'~"" """'-'-'" " ' . '.

scnne l ere }no~e li kely .tob,~,s~ns i t i .ve to th~ needs of the market .because
of closer contact withpeoplecon~ernedwith this are~. To be sure,

these various edvanteqes-mus t be wei·ghted 'against disadvantages. of breadth

of experience and specialization. but Connor's, study indicates that the

advantage lies wi th small compenies,
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Support for t~e!,h~~i ~_tha~ Jaxge:Ji rms. tnconcentrated indus tri esshow

greater evidence of_techITica_~:;<:ha~ge is furn_i$~lerl by A~_ Phillips.3", In

g~neral. PhilliRs f9und}hat those,ir.dust.r;ies,"which had-l.arqe-scele

producing unit~ in 1,904h~~,.si,gnific,aqt'y greater rates of decreese.dn

the number of Hage, ear~~rsp~r:unit of.o'Jtput:be~VI~el1 1899,and 1939 than

did the other industri,es"," Pbtl l tpsl o-esul ts are too fecf.le bececse

they probably do not measure t.he errectsor large-size and, concentration

on invention orcdeve l opment, . GreatelC"tec,hnological oppcr-tunt ttes prcb­

ab 1y exi s t fo~capita 1"'", i,ntensj ve: f:i,rms, so -tha ~:. thei r capita 1/,1abnr. r:atio

naturally ~Iould:t:end to 9ro~ more quic:k'y:_over>,time~ Th:Js,;;.;the" casual

influence probeb ly runs ~r9m, ,technology, tnconcentret.t on, rather .then-the

reverse. and i s S~OWt1 by Phi.' l.ips ' own ,sutiseq~,ent'\'lOrk35, 'and by ,,5 tudjes

by Scherer36" "Phil i ps37 .end :Com~Dor.},i': ,?cherer:,an~ Philips ,j"ound:that

differences i n;,~~esq~nti f1!= knowled~~: ~<l:se<?:q:p.unted for. as 'muC;h (Jf: the
total 'variance i;1 corporate Rand D as did interfirm differences in cor-,

porate sales; Comanor's results were supportive of Scherer and Philips'

conclusions.

INvErtTI VEflESS AriD, THE ,SNAlLER FIRM,

An iJ!lportant and cogent argument'can be made tniit'."ffbm tbe-scctetootnt

of vi ew, smaller ti rmsishculd tnves t-more-rthanvthey oo-tnRi end D and

that they should invest more than 'larger firms in propct-tton totberr
size. This argument rests. on the rather SUbstantial amount of evidence

-"-' '~"~'--'" .,.".". '....'" ..,..'".<,,~., ,','....<,~,--..--..,,--,,"<,....
which i ndi cates tha t sma11er !! nn~__..~.;,:'_~,.,~ _g~e.~,~:~ .ef~i,:.i e~~y in i nven­
t"f~~~"tha·n: ·larger:,~'~'~S.T

-p,,,,"" •• ~;"',.,.,." •• ,.-."

Some j-evideuce-of" th i st.fr-om works by Hctonne 11 and Peterson and,'Schmooktei­

and Scherer el reedyhastbeencttered. 'Hcwever , none of these separates

invention frbril"'devel opiijeii r'or' iil'Jenti en > or deve lopJire'rif'frorn···.i niloviil'ioli:

Scherer's resul ts matnlyconcern 'patents and:;·therefor~,relateto~ inven­

tion, but these are not only unwe i qhted'.us measures of the tmpor-tanceof

invention, but also'are only for Fortune '500 firms~

I
The "lOrt most relevant for'ttie presentrar-qument dceIswitf tbeorlqtns

of 1nvertion. ,~lel-lkes, ,~a"lersand St t Herman3S:'i n thet r analysi's of the"

. case histories of sixty-one tmpor tent tl"lentieth-centuryin'lentions"found

that less' than' one-third 'of thes e-ceme from research Iebor-ator-tes , For

e mcre res trtctedoer toc.n sas-tsss , i:a~lbergl'Q fOllt)dthatohly"a-bfHtt'

one-fourth of a s ano le of major Tnventtcns were concetved in large
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Hcwever , HcConQ~p. an~,I~'~~r:son's_r~,s~ ,t~ A~,e. at dup l ice tcd in s tudies

of larger fir!!,:;,.': TtRj\=~l,:r~?~l,t:Ltor ilrgerf r~.)s are ef ther .that ;t~,ere

is no relat-i-9~lsD~p"be.tw.eer,Jip;j"S.iZe.'md,~ and .P1I"!t~rys1tyor that R.illld

o i ntensity.;j.nc::r~ase~( ,up. t9 a potnt. and th~.n 9i,01,; ntshes.. Some studies

__s.how a nega.tive,.r~lat;!0!l~hip betweenf t rms t ze a.ryd..R.and p.jnten~j}y.

SOli th _and Creprr.erl' $", J;'~suH~,; a:re-,5;omer-r9at: t.vPi_~~,1,;27 One of.. the ;1ndus-,

tri E'S (scteoct ficor.d" meesur-t n51 instr:u(nen,ts,) in SmJth"ill!,d Cr-eamer- "s ,

twel ve-indus,trY,_sar.1r;]e"a1sP,.s~o\'l$a, rtga,ti ve; r:.li!la,tiqt'ls,hi8 -f9r, r-eseecch

intens ity anc, firm_-,si-~.~,. Fo,r·, t\~,o a~1} t.io_n~l ·r~dystrt_e,s:Joth,er~h~;~,i c~:l,s, :.1'

and coonuntce ti o!1,;an"d. e1ectront c: equtpment ) " the i'tntensiJr 'Pt-the: sm~,n:,

est fi rms (underl .Opp, emp."1!Jy~es), }~as, 9rfat~T; then, for; ,aY:t ,o,ther~,.1 a~?

when federal funds Here excluded, In the categori:p's,·o.f:pt~\~r:s:~emica~s;!,

drugs and other nedtctne , and scientific instruments, the peak intensity

occurred at les's. .. than t~~largest s tzecless . Finall;',.-;.,},n seven of the

twelve tndos tr-tes, the,?:~flki"?!tensityot the .sme lles t "sj;ecJa?s .was,
greater than.fha tof the next, 1,arg;~st cless .

Schmookler's resu1ts fQ~l~rgerfirms are ~airly :consist~ntVith there­

lati onshtpseho....n by Ssri th .and Creamer. "-I) For a .s t x'7irtdu,strys~mp}e.

Schmcokfer found acnoss rrour tndus tr-i es no .rel a tlonshtp b.et\~,eien firm

size and Rand D 'intens ity. However-, for., two-",of the s.tx tndus trfes,

Schmookle; data ShOt.: that the .'R .and 0 in,t.ensi·ty of' the s!!'.OIl1est· .'firm~ _

(49-499 empl oyees tnone ,case",;;jOO--:999in anot~.er) was greater: than.',that

of any other size clas s . It is worth rJ'!ting"th;'ltthese ,t,'IO industr,ies.­

(fabri cated mete1 products and ordt nance, and e1ectr t cal eout peent) are

among those in the l·:cConneJl and Peterson samp Ie , In~\iooth.er, i,ndus­

tries. peai:,R,and"qjntenslty occurr-ed.e t less than-the farqes tsize of

mor-e than 5.000 enpJoyees,;,for the pr-ofess lone l endsci entt t i cf nstrc­

mentsYndus try.. pe~kiritensjty:~ccurreq"at;thesccond smellest size, cl ass

(500-999 eno loyees}, .in· the food and kindred PToqucts indus tr-v•. the peak

intensity. occurred at the next to largest size .ctes s o."OOO-4.9~~el;loloy-,

ees}.29

Even for the chemical, Jndus try, the Rand D intensity for till? sne l les t

size class (fims\,(ith Ies s.rthan 500 employees} was ,greater)h"nfor ,any

size class .,e,xcept for ,the larges t. Striki nq'ly , two of the indus tr-l es

found by Schmoo cl er to exhibit peak research f ntens t ty at s f zes of less

than 1,000 employees {electrical equipment 'and professional instruments)
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small firm to:fapita.1,.pr,oblenl,s,. .espectut ty in view of the inherent risks

,of Rand D. As .R}n' Oi'. 'r. read.a. ",,,;g8 l<eg.__e.r-.num.uer ofpr?jeqs •. as.: '[7=
is more likely the larger th,eJirm.> .~herisksooffa.i.1ure of anyone pr:o;-I 0:,_

j~ct are reduced. Related to the question of small firm survtvej.Ts }h~ j'e-­

9r~~!~~ life expectancy of larger firms which allows them to assume R
and D-investments whose payoff ,period is ,longer. ;~e .preater di~ersity

of large firms.Jnincre,a,s,in9 the l tkel thood of peing"ilrle,to use andn­

venttcn, and the:9re~,ter market r.::oncen~rationof.lar:ge .fi rms are also

el ements , thouqh qui te,l11inqr,ones,.•,A n ex~}a~7)i 1')9 the j:Jreater ~ropen~i;tY

for Rand 0 proqrams amon~.]a~g.~r,firms.

Rand 0 expenditures. by':~~~il~pmpa~ies are distriq~~ed,~~ongapproxi~
mately the same [ndus tj-tes .as tor large c0!!lpan.ies. Sn:dth .and Creamer19

show for 1965 that }pur 6f.;:t;~.e top /i~e il),d,~std.es ina9sor~,i~~;.~,al"J? ,0

spending by sma11 fi rms vere also }l1)on~, ,th~ei;.topji'(e for }arge fi r!"s ~

It would aopear _the t th~ m,or.,e c~pita l-iJJ.t~.I1si,ve _indus,tries" ~av,e, the
higher percentages of fi;ms' en'gaging' in 'R 'a~ld 0_2 0 This pr~ba'bly ;e~

fleets the_greater potential for Rand Din these industries and the

fact that capital-i;?t~nsive t,r~dustri.est~~d to ,.h~,.ve lar~,er .fir:ns. It

would be inter~sti,n,gtCl:,see ,I~hat;.th~;,r,egre;ssionof~,ot,h .til]" s·iZe)lnd

capt tal tntens ity ~g~Jngthe percenteqe ofJi rm~ _:engage~. i,n R..and. 0
would shaH.

Given the skewed di s tr-t button of ,R.end ,D..sp.endin9 an.10ng small firms, by,

industry and by Size', it iS~'o',tsllrp~isingthat _Smit~ andCre?I~:er; ,find

the distribution o\',R and D spendtnq among, .smql]finns,.alsohighlx

ske~led.21 Thir~een. r~rcent ~,t man.ufCicturing,firms .\~Hh less th.a~ l.qpO
employees spent about, 5:;, percent of .total, R end 0 spendtnqby manufac­

turing in this~ize cIe ss . uha t is p.e.rhilps,morein,teresting).s,that

this 13 percent alsoshO\'H~da,,!l:!0re.,c.on.ti;n.uou,s recordof~.an,d: D:~?e.nd.in~~

Research Ac ttvf ty, Intf?:nsUya..n,? Fi..~W Sfae

Firm size s t.rcingiy i nfl uences the probabl l t.ty of ~a,-,fi rm havir.g is .fot-ma'l

Rand 0 program, but does firm size tnfl uence the e-iee of the Rand 0
program? One would .excec.t .a -pos t ttve.uel a ti onshtn.cs lOlig,i1s,;fhere, were

not strongly -oecreas-inotreturns 'to sce l evin Rand :D. "pne 'i11S0 wcul'd ex-.
pect a positive re1:,i't'ionshfpsimply'onthe:bilsis- offeaeriil'fun'dfng of

Rand D. 'rhocerceotece of'R 'and D furiding frofl1}ederal'-sourc:esis--:enor.,..3:;i.

mous , though recently. lo.t Has' 'been decl illing. In: 1959. ,!fedel-al "funding
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advances-may come.' from departments other th'an those for: Rand 0: Charges

in':tax:treatmer,tof R: and 0- can result; n tiew-iarbi tra ry' class ifidtions
of personnel or act'lvt'tt es i nto the ce te~o/y of-res.earch:.).O' , I f these

problems exts t -in' attempts to -study Rand 0 for'larger f-irms ,'how much

more difficult hit"to enalyze Rand' 0 by smal1'er firriis'fh whiCh··the

· data are less satisfactory or do no1;exist?

Aside from bas i c p-oblemsof date 'avai'l ebt Ifty, 'c'urreht res eerctrsutters

from two tn'teerel ated and tepor-tent' s'hor-tccmi ngs~: '":The firsti's' that data

'are not examined on'a.'sufficiently di$a:ggrega:ted besis. The's econd de­

ficiency tsvtha t- 'too few' factors have been' ,;ntr(i'ducedthatln; ght'he1 p

explain the structure of Rand O. Kamten and Schwartzll observe "much

orthe e'vidence on the>e"rfect-:of,size ties not-ccntro'l'led for-'other fac­

lars that mey behalp tul in exp1ainfng trmove ttona Leffor-t." The-,,'saine

mey'be setd-of-evfdence concerning tnnovatfcne l :outtome';' Few::studies

really heve at.tebnted to explain': 'tha s trueture'of R' and' O~:;Jndci'ubtedl~";'
because: to' do tMs requfres that' the data and tnfcrmat-ion 'ce generated

· by na'r'rowly- focused stud; es 'ivorki ng" to' bui I d up a data ba'se\uf{{c'i ently­

'rich to understand Rand Dvstructure .

· In this regard; problems of Rand 0 are reminisceht 'of probl eras of devel­

oping a general theory of oligopoly. The necessary basic research is

tedious 'and perhaps' l es s rewar'dfng in the shor('run. Perhaps' ecilnblnists

are"l ess wt'Tling' 'than-researchers -in thi}"na tura'l 'sciences to fiJrloer'take

the-tedious and nat-row'lyifocused research upon whtcli Ithe-udvancement of

set ence ul ttme'te'ly rests.

R ArWO CHARACTERiSTICS OFsr·1Al.lnRr1S

Ihe.mos t rimpor.tant studies of Rand 0 in small fi'~lIls are those ~f.
McConnell and Peterson, iz Ncconne11 .and Ross:l3. HanJb~.\g.l:~ ,SmHh.~nd
Cr:'~~:~~rlSand Dearborn, kneznek ·at)d'.l\ilthO~'y.l,G, From.these and other in­

vestigati,qn.s. a nYJl,)be~ of 1imited <l:~d t;lltati ve, ~~~;;~,~. lmP9rtant, con­

clusi?i~s .cr,:e·rge.

~V t(,prO,~ab1y.,a:bciut2fO, tQ.40<pe17cenLof's~)9J,1.. ~irrn?:eflgage,,',i!1f{ end.D in a

• !,re1ativeIY forma1 I-lilY. •Among the mor.e.:;reJ i abje-es t'tmates <ire·t~o$e from

the. dete t lecLanq ~i~Clggregated;que~tf onpat.re •rcsuj.ts of. 1·!cConnell.and



1572

between the toves teent-to-anr ratio and'.real:'growth "rates for seven OECD

countries as measured by the Kendall coetftci ent of concordance is .92.

with a-cht square of lL"2;"·This is just sign-Hi'<::i:ril at the W"peFi:'enC

level. which is impressive for such a small sample. II Similarly for the

1967-1971 period, the United Stat~s ranked last in its growth of Rand n
expenditures, tof Io-....ed by the United Kingdom, France. ues t Germany and

- Japan. This matches the respective 9rowlhrafes oL,~hese countries.

cept for the reversal of the,United Stat~s and the United-Kin~dom.

~~d-t'

For, the United States. the fall in the jnve~tment-to-GIlP ratio has oc­

curred in large part because of the failure of the traditional sources

of i nves tment funds. re te t ned earnt ngsi~,:.<debt a~6'~quity. :};,ta ined earn­

ings in constant 'do 11ar-s have:,.deci ined.:e,norrr.ous~X.';during t!10~t of th~

1960's an~the 1970's. The "c;ol'ldlng:,out effect'~:,'has limited sever~,l?

bond d,ebt':::a:s a mea.n:s:of f~na~~ing> ~nd,."'until n?c~ntly.:the:stock mh)et

has .nct b,~en a very.attrac'ttve place togo for financing. Einanchig

pro~lems ~-f', small ~U~inesses"have been~,speci(allY·:diffi:cu1't. .

One set of measures that undoubtedly are called for are policies that

enc~Ur?ge:'-9reater capital 'fo~~tiJn; \'/,ith such._policies.~,and D:fo.r

both SflHll'~~dl:argetrmsundoubtedlY\~~Uldexp~.nd. flow~y:et.. th~:r-~~
spouse pf.::sma11 firms p'roba,bly wou'ld4~ greater ,becauseof·,thei r 'grea' ter

sensitivity to credi t conditions. The phenomena is similar to the unem­

ployment rate of minorities which increases cropor-tl onetely more than

for other groups during periods of contraction and l'lhich decreases more

than-proportionately during periods of expansion.

Economic growth is a matter of the efficiency as wel I as the magnitude of

investment. In this regard, the distribution of Rand D expenditures be­

tween large and small finns becomes especially relevant. After

considering the relationship of Rand D to sw-aller firms in the next sec­

tion. the third section of this paper argues that efficiency requires a

greater portion of Rand 0 spending by smaller firms. The final section

suggests conditions under which the improvements in efficiency might be

brought about.

DATA LIMITATIONS FOR THE ANALYSIS OF Sf·lfllL FIRH R hf-ID D

Small firms are those wi th less than 500 employees and probably account

for less than 3 per-cent of to te l Rand D ej:penditures. 9 Yet in terms of
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ARTICLE, "RESEARC}f. AND DEVELOPMENT BY SMALLER FmMS" BY RICHARD 0
ZERBE, JR., N6RTHWESTERN· UNIVERSITY AND UNIVERSITY' OF WASHINGTON"
JOURNAL OF CONTEMPORARY BUSINESS, 1976, PA.GEB 91-113 '

", nor <Ire
.der, "Re­
<..~igan State
·~..d to de­
'd~Firm:

'-"!ess lIevi!!",
'~ilersur~, '

RESEARCH AND DEVELOPMENT 81 SMALLER FIRMS

P..ichar~ o. Zerbe. ~r.*

Nort~western Un1vers.ity and University of Washington

TilE nlrORTAI1CE' OF-RESEARCH -AND DEVElOPI1Ern

rechntce'l ch<lng~:arisingfrQm research anddevel~pnlent (RandOrexpen­

di~llresis exce.edinglY im~or~nt. $0101'1,1 in his ~ioneering',;'IO~k, found

that between 1909i1nd.1949.abollt 81 per-cent of economic qrovth was at­

tr-fbutab'le to fechnica l change and changes in production practice;

Dennison,2 in a;'more disilggregated.study, .tound.tha c 35 percent of

rise in oetputper worker was attribu~abre't? advan'cesi'r_£~chr:'i'cal

know~edg.e. "nd,42 percen~, was attrrbutabta.tc improved''''(lr'kerediJcation.

Only; 9 percent"of the rise 11'<1$ due to increases tn.the.ceottet stock.

Res~a'rcti anddeve.;opment is also of major importance in determining com­

parative advantage, the,:~'alance of pa)'lllents'a,nd the magnirud<! of,',li.;;':'

exports. 3 Donald Kessin~~ found that there was a powerful (;orP~.lation.

between the intensity of'R and D activity in American industries and

thei~, export performanc~';' Pavitt and Walds found ahi';h'corr~l~tio~be:-,
twee,n'nat tooa l.',industri al'R and D,expend! tures "ano ne ti anal :techno16gica,1

JlJ~rf-Q~af(;e,.a.c';bss a .sample .of ten, indus tria ttzcd countrt es . In,a.samD1e

of fourteen industries, Gruber"r~ehtaandVerl1on6 f9_~lld ,th,,,t u.S, exp.ort

strength "as concentrated in the five industries' with th'!:'greatest a-and

D effort, i.e .• tdn~po'~tat;'ori:;~'lectricallri~ch'j'rle~y, fnstl'~,"ents,chem­

i ce Is and none'lec tr-I ca I machinery. .Therer;iairiing' i'ridiistri es" exhi ~-i ted a

- net import bajance Pcr-..'19C2, tbe yeer.,'t nves t t qated;7 .. Froffithese and

other 'stUdies there is little dCi.\l~.t,t.~at Rand D and technical':change'

playa maj6r role both in economic ~;~wth and .indelellliinir,g relative

economic Pfsition.

A crude conparfson suggests 'tha~ the fall in the U.S. grOl~th rate of re­

cent year-s end the concomitant abs c'lute and rcla ttva dccj tne in the re ttc

of R eno.u ec CUP ar-e not unreteteo phenomena. The decltne in Rand D

has been part of this decline in the United States in the tnvestcent-tc­

GNP ratio. See Figure i. For the 1960-1973 period, the runj; corn'lation
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Table 5-10. Dislfib"lI;m 01 employed doctoral scientists
and engineers by employment sec lor, 1975

80.

All doctoral
scienl;sls Docloral Doctoral

and engineers scientisls' engIneers'

___~~!?ym~___ Number Percent' Number Percent' N..;mber Percent'

Total 262,411 '00 219.055 '00 43.356 '00
8usiness and industry . 65,876 zs 43,341 au 22.535 52
Educational institutions 153.249 " 137,943 63 15,306 as

Four-yea, colleges
and universities . 147.633 se 132,504 et 15,129 as

Two-ycar colleges 3.674 ,
3~497 2 m {'J

Elementary and
secondary schools . 1,942 t 1,942 t

Hospitals and clinics . 7,586 a 7,562 a 24" (')
Nonproru olganizat'<ons 8.510 a 7,277 a 1.233 a
Government 26.755 10' 22,538 to 4,217 to

Federal' 21,634 a 17:855 , 3.779 a
Slate .. 3.110 , 2:883 , ;-'227 t
Other 2.011 , 1,800 , ,,, {'I

Other employment sector ee (') B6 {'J.
Employmenl sector unreported '" "" "

, Includes 94 scienlists Or engineers wheese fiiM is unl<nown.
, Excluding those whose emp,loycf was unreported
, InclUdes the miHtary and lhe. Commissioned Corps of tho P!lb\ic Health SerVice.
• Less than 0.5 percent

NOTE: Delail may nOI add tOJolals because of rounding
" c.o- ;'.'. . . '.': .. ::\

SOURCE: National Science FOundation, Characleristics of Doc.loral Scienlisls and Engineers in Ihe United.Stales, 197"
(NSF 77-309), pp. 38-41

See Figure 5-17 In text.

Table. 5-11. Docl".'al scie.nti~lsand en91neers
by age and type of employer, 1975

BusinesS four yea' colleges- Federal
and industry and universities Government'

A" Number percenl Number Percent Number Percent

Total, 65.876 '.00 ,147,633 "0 21,634 "0
Under 30 2,129 a 5,772 , no ,
30-34 . 15,117 23 30,aS? at 4.121 is
35·39 . 14,113 ar 30,903 " "4,734 22
40-44 . 10.274 te 23.687 te 3,646 "45·49., 8,090 ta 19,833 ta 3,081 "50-54 . 7,476 t t 16,146 " 2.39B t t
55-59. 4.610 r 10.774 r 1,533 ,
60-64 , 2.734 , 6.461 , ", ,
65 or Over 1,224 , 3.09.4 a '" a
No report, ,oe

'"~
,OJ {'I ta "J

, InCludes the mililary and the Commissioned Corps.
, Less than 0.5 percent.

NOTE, Detail may not add to totats because of rounding

SOURCE: National Science Foundation, Characteristics 01 Docloral Scienlisls and Engineers in Ihe UnUed SI81es, 197f'
(NSF 77-309), pp. 38-41.

See Figure 5-19 in text.
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OFFICE OF. PLANNING AND RESOURCES MANAGEMENT

AMOUNT.

Evaluation $ 18.318

Evaluation $ 42.495

PROGRAM
~~

AWARD
~UMBER

76B1724

PROJECT T)TLE

An Evaluation of University Research
Productivity

Review and Analysis of Importance 7682854
and Utilization Measures Contained in
Evaluative Bibliometrics

FIRM NAME

Computer Horizons Inc.
Cherry Hill, N.J.

Computer Horizons Inc.
Cherry Hill, N.J.

11/76

DATE OF
AWAR.Q...

10/76

9/77 Institute for Scientific Informs­
tion

Philadelphia, Pa.

A Citation and Publication Analysis of 7710048
U.S. Industr-ie l Organizations

Evaluation $ 64,851

00
Q::l'.'...

~

m



AnExperi~entalSeries'of Science Pro- 7716196
grams for Commercial Television

Public $203.100
Ubders tandtnq' ,
of Science

DATE OF
AWARD.

9/77

FIRb NAME

Prjsm,Productions Inc.
Camarillo,Ca.

, SCIENCE EDY.f.ATIQ..N--.QIRECTORAT~

PROJEQ.T:TITlE.
AWARD
;,ti!J_MBE~

PROGRAM
ARE~ ~t1Q.~NT

Data Processing Support to the Science 7726461
Education Directorate

Program Evaluation 'in Science Educa- 7723940
tion: CAUSE

~

""

$ 9,900

$124.854Special
Studtes

Systems
Approach

t~chnologi- $207,750
cet.unnove-

. tlons in Ed-
ucation

7601650Leamer-Controf Ied fns't'r:u'cti cnat
Stra~egjes: An ~mpir~cal Investiga-
tion ' "

Exotech Inc.
Gaithersburg; Md.

Westat-Inc.
Rockvtl l ecHd

tourseware-'In't:;':'
Provo, Utah

2177'

9/77

9/77

Devel'opmer-l't& Evaluation
Associates

"Sy-r~cuse.,N. V.

Evaluation of CAUSE 7723982 Systems ,::$ 9;990
Approach

-:;;
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Awards made via a, ourchase order:

DATE OF
AWiRD FIRM' NAf~E-

00
:0:>
'0

AI/lARD PRO(.;r~AM

~ AREA, AMOUNT

77-07489 Exploratory" 53-.6,00
Research

:,j;"
76-11438 Research 57.107
A04 Evaluation

77-22190 Research 63,500
Evaluation

77~26;21 Research 261,480
Applications

',,:,:', 1 --',,---
. Subtotal: $ 7,599,535

PROJECT TITLE

','Investig'ation .of .the Design and Performance
of a Simple Liquid Piston Heat Engine

'f... Prototype"Eval"uation of the Program
Output:"of the Research Applied to National
Needs (RA~N) Program,

Resear-ch on Methods for Assessing the
"Utilization 'and-Impact .of RMHhProjects

l:~FP ri: 110: ~xternal; P;~duc:(Evalu~~ion
Manage.ment

Operations Research. Inc.
Silver Spr-lnq , MD

Kappa' Systerns
Arlington, VA

9/77

9/77

8/77

5/77 Technology:Asso~;ates'of

Southern California, Inc .
.llonterey Park. CA

'COi~;SADResea~~h Corp.
Pf t ts bur'qh , PA.

Research.Pr-torl t'les to Aid .the Productivity \:RN,,.6096
of the Physically Handicapped 7SPl121

RN-1473 Productivity 3,609
7SP092D 'L

RN-I039 'Productivity 9'.850
7SP0842

7/77

6/77

9/77

Si77

Be1~. Beranek & Newman
~a:mbrfdge ,MA.

tl fntcel. Systems
Associates, Inc.
Washington,D.C.

Clinical Systems
Assoctetes , Inc.
Washington. DC

Dames & Moore
San Francisco, CA

Evaluation of Basic Research Progress and
Future Research 0ppqrtunities_,in Human
Factors and Ergonomics

Technoiogic~l Ne~ds ,ofthephys;cally
Handi capped

Implementation-M~asures to Reduce Earthquake
Hazards of Dams

RN-6874
7SP1045

'Productivity:-. 6:,250

"I

£nv1ronment 1,000

~

N
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PRO'JEer TITLE
AllARD
NUM13ER ,

PROGRAM
~ ill!Q.!!!!I.

76~84256 Indus. Prog.{ 75.000
Resour-ces

Joj?ba;,Seed,M_~al",as an Animal Feed 76-23895 Resources

An' A'sse~sm~ht-o'fth'€/P:~teWti'~l f6r-A~plying 77-0'8;£80 Resources
Urb_an~las,te,~_~P A9ri,cul-tur,al, _Lends

~

92, WQ

77 ,300

191,90d
(30,000 fro
Bureau of
Mines)" .

103,900

77~14453' Resources

76~24677 Resources

AnAn~'fys; s-brMaJo~>-P01'i cy Iks:u~'s;~ R~-;:~ed­
by;~~~Comm~rcial Development of Ocean
Manganese, Nodules

Deve l,ppmenLanATesting CSMRI, ,I'AU Metal
Pr-ocess for .Recyc:1::i ng :Steelmaking Dust and
Scale Waste for Industrial Adoption

Nafufal';j~~d -F~od _~oloran,t fro]ll,:8~e_ts

Anver Bioscience Design
Stet-s-a..f1adr,e,. Gil.

Roger Blbbaum &A~sociates
cres ton; I,A -

Chahes River: Associ ates
Cambri dqe •..Mil.

Am9.e.r' :Labor,ato'ries
Jun,eau,. _~I

Onejd~Matedals Corp.
Cu~amonga.CA '

B/77

2/77

7/77

9/77

Colla~?,tat'i ve: Research. Inc.
Waltham', Mil.

Co.1 i~bo'r_dtfve Research, Inc.
Walth'am"r:1P.

DASLlnd,Ystries,. Inc.
Ch~yt chas'7.-' MD;

EIC' torporat.ton
Newton, Mil.

Experienced; kescurce
Group, Inc.

Baton Rouge ,LA

Synthes ta and Appl,;cations of,Nuc:leic
Acids to Biological Nitrogen Fixation

Enhancement of Antraal ,Prote tn Production
by Novel G.enetic TechilO1 ogy.., - -

EVFluation of Free~Falling Film Ultra­
High:Temp~r~~ureProces~edMiJk

R~2~very ~f Chrbm1umfromN;~kelife~~~s
Laterites

Alternative Food Delivery Systems
An Exploratory Assessment

77-10195 Resources

*77-19654 Resources

77-04162 Resources

*77~1g538 Resources

77.;.07184 Resources

209,100

24,997

168.700

24,740- c

25.000

~

o



FIRM NAME

Ma~re'~ -. ~ngineeri;ng: Inc.
Hous tun •. IX,

M~Y~~rd,Research Council
Pittsburgh, PA

~l~Atisy~t~n,l'~'. Jn~.
Cambridge.'MA

Pt~cision;instrument Co.
Santa -C1 are, -CA

Radi'ati hi(Mohi'tqring
Devices, Inc. .
uate-tovn , MA

sdenti'jii: Process and
Research v-Inc •
High1tind., p;ark.,NJ

SCientific Systems. Inc.
Ca[l1?r.idge.,1~A:

Spectrum ,Re~earch

D~nver,,_:CQ

Stearns .,Conrad. 8 Schmidt
CO!]s~ul.ting,Engtneers
Long Beacti~ CA

Stearns, C~nrad.,&:Schmidt
Consulting Engineers
Long Beach. CA

- 6 -

PROJECT TITLE

Cbnfe'rence' on' 'R~bearch:'i ~:ix~:a:~a:t:; .~:~.
Technology

StGdY~'~f~~. 'MeChapism to; Foster University/
Small Business Interaction

R~mote Employment of the Physically
Handicapped . ~

S)i4~it6~~~ Lar~eCap1city~tnf9rmation
Storage

""C.':'',, :.'.
Re2earchonUn~ooledGadmium:TeJlutid~

Gamma Detectors as Substitutes for Ultra­
PfJre::~ermanium

L6~~~i~g of 'Energ; Co~~~~p~ion in Plastics
Processing

Microprocessor-Based Prosthetic Control

Eva14ating the Orqanization of Service
Oe~ivery,: :Public"Health

Research on Equipment Technology Utilized
by Local Government: -Refuse Collecti on

Research on EquipmentTec~n~logy Utilized
by Local Government: Refuse Collection

AWARD PROGRAM
NUMBER ~ AMOUNT

."-' ,
Productivity75-14405 36,900

A03

7,7-14151 Productivity 100,000

*77-19497 Productivity 24.948

*n~19528 Productivity 24.995'

77-10434 Productivity 198,100
00
~.

~~~

*77~19512 Productivity 25,000
~.

*77,;;19672 Productivity 23,670

74-08798 Productivity 8,648
AOl

77-04424 Productivity 40,272

74';;20560 Producf'ivt ty 13;800
A03 -. ~

?"
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-AWARD- PROGRAM
NUMBER ~ AMOUNT

77-13908 Environment 208,300

77-07886 Productivity 74,900

76~dob44 Pr-oduc't-ivi ty 179,900

-*--hJ'9517 Produ'ctivity 25,000

Productiyity, -2~!495
00

*77-19,478 i<:1t
,jj>.

*77-1-9818 Pr..oductivi ty 24,942

73_03322 Product,ivi ty 131,.200
A06

76-03300 Prpducti,vity 10,700
A02'

75-16367 Prod,l,lc_ttv; ty ~~_~700
A01

75"16367 -~T:oductivity.~, ",,~~-,900
A03

m
?'

PROJECT,TITLE

Shaped-Pulse':Ro~,aTyPercussion Dr;11ing

Shap~d~RulseRotaryPercus%;on Drilling

-'Remot~'Se~:s\nRwith, Ground?Pr.obing Radar

Analysis f the Adoption and,Imp)ementation
",of; Conimun ty Land UseRequl ations:for!

Flood Pla ns .

A co'n"ference to ,Formulate Pr-tor-t ttes for
Research"on Human'Performance and
Productiv-ity

I~'prov~d: D~s;gn;"P-rdt'~du-fes'for 'underground
. ,Str~ct~ral, S~pport Systemsi~,f~ck

t1ic'~-o~Isot~pe Tool 'Wear' Det-dctl'6~"

Single ;E~de9Photoelectric~~zard
Warning .

'-. c~'~.t-~~/~f,F,~~~~ent,·S'{ie_,h'is1<l"ibution
and' Dar-aqe Penetration Duri"ng Machining
of"Ceramjcs

':'-ThermoCOre~-,:for- '~a'pid' E~;;~~~ii;~n

'ce:
Exotech , Inc..
Gaithersburg, MD

Exotech;tl')c<
Gaithersburg, MD

,Energy Research and
Generation. Inc .

.Oak1and. CA

E~~co,Inc.
Springfield. Vfl.

Woodward~Clyde Consultants
San, Franci sco , Cpo

FIRM NAME

.,Pivan'~ed; Research Resources
. Organization ,- .

5;;1 ver Spri ng, MD

Ag~abi~n Associates
~,l Segundo, ,CA

Amtech , Inc.
Newton. MA,

Bfock Engineer,ing. Inc.
Cambr; dqe, MA

C~;~mi'c, Fi ni shing Co.
State cottece, PA

7/77

9/77

7/77

3/77

4/77

9/77

9/77

9/77

5/77

9/77

DATE OF
~



DATE OF
A',,'i\RD FIRM NAME

7/77 Suild'ing Systems
Development. Inc.

San Frcancisco';"CA

4/77 cl ement-As soctetes , Inc.
l~ashington .-D.C.

- 2 -

AI'IARD PROGRAM
PROJECT TITLE ~ ..M..ffi

Building Configuration and Seismic Design 76-81821 Environment

AnEvaluatfon of Toxicological Information "77-15417 Environment
Relevant to Future res ttncnequt-enents for ' " .
Hazardous Chemical Substances and Mixtures

~

199,400

,1.42,793

3/77 -Cle~enLAssociates·. Inc.
Washington; D;'C.

76-22041 Environment 60,300

77-02124 Environment 211 ,500

76-82708 Environment 49.640
A01

m
f"

3/77

5/77

3/77

3/77

9/77

6/77

coiiier'WormRanch
Santa Clare , CA

Gurnham &Associates. Inc.
Chi:cago, IL

Human Ecol cqyResearch
Services, Inc.

aouioa-, CO

Human Ecology Research
Services ,: 'Inc.

Bcvl der,CO
Laser Analyties, Inc.
Lex i ngton" ,MA

~edia Four Productions
Hollywood. CA

An Eveluatlon of Toxicologi(:af.':r~forinatlon .71-1,5417 Environment
Re'levant-zo Future :Testing Requirements for ,11.02,',- "
H~zardous Chemical Substances and Mixtures

Conversion"of:~lun;-cipal:;~Jas:tewater -Treatsent 77;'168~2 Env; ronment
Plant Residual Sludges Into Earthworm Castings
fOr> usees jccsott

Control of Heavy Metal Content of Municipal 77-04355 Environment
Wastewater Sludges

A'Comparativ8'Analysis' of:Publit Response to ~74~18613 'Environment
Weather Modi fi cati on ,11.03

Metromex: Social Impacts of Inddv~rtent

\~e-a ther. :Modlfi cat ion'::,A· "Comp,irati ve Study
"-,,"',',,"'..->:' :;-"':,',-':" ,,c '.---;'-":":':?"'-:>l';'

Improved Sensitivity of Laser Absorption
Techniques forAtmospher~c Pollutant
Monitoring . .. ,

Synthesis of a Municipal Wastewater Sludge
Manageme~~ Syste~

173• 444

9,700

110,900

56~600

.~

""



,~

ASIB~_OMICAL;\ATMOSPHERIC, EARTH. AND OCEAN SCIENCES DIRECTORATE

AWARD PROGRAM
NU~'BER ~ AMOUNT

7681106 Polar $ 21,000

7724040 A~m6spheric$3q,qOO

·.00s
~~nlosp~er;c $158,800

•
7709201

PROJ.EC! TITLE

Ass"i~mb'-l"and':Ah~ lys'; S' of Qcean~~'
graphic Data' on the Surface~Layer

\O-159_M~,in th~ S~uth?r9Hemisphere
~rid ,PreparaUon of the Results for
Publication in an Atlas .

'>As~,emb1y and Al1alysi s of Oc~ano­
grap~ic D~ta'qf~he,surfaceLayer
(0-150 M)in-tne-Southern ~emisphefe
and\Prepar~t;on of the Res~lts for

-'Publiciftii:m' in' an Atlas

; ,:.~ub l)c~ ti' minf',PolarBecqraphy

DATE OF
_A~lAM- fIR~~ NAt~E

2/77 $qripta Technica Inr..
Washington, D.C.

9/77 Cqmpass$ystems Inc.
Sail Diego'; ca:~

8/77 Compass Systems Inc.
Sail. Diego, Ca.

~

N



SCIENTIFIC, TECHNOLOGIC_AL ,~!.NTERNAI..I0N~ __AFFAIRS DIRECTORATE

DATE OF
AWARD FIRM NAME

1/77 Courtesy. Travel Service
Washington, D.C.

f1BOJECT TIllJ.

Travel and Administrative Services
in Support of Intern'l Science Acti­
vities Sponsored by the NSF

AWARD
NUMBER

n08322

PROGRAM
_~~ ~QlJlIT_

Internat" $ 500,000

.'J "

un

~7

3/77

Computer Horizons Inc.
Cherry Hill. N.J.

M(~tri cs Inc.
Atlanta, Ga.

.chat-l es River Associates. Inc.
~ambr:i;dge, Ma.

Jnnovatfve Systems Research
Pennsauken. N.J.

Capi.ta,l Systems Group Inc.
Rockville, Md.

Capita'lSystmns Group Inc.
Rockvi.l Ie , _Md.

Westat Inc.
Rockville. Md.

Implementation of Evaluation Metho- 7708484
dology for International Programs

The Economics of the Unique Functions 7718035
Associated with Information Analysis
Center,( 1M ),Servj ces

Development of a Discrete Choice Model 7718020
for the Demand of 'Scientific and
Technical Information

.Electrontc Information, Exchange in Re- 7717924
search on Devices for the Disabled

A·PlanningGui de' on .Innovatf on in the 7701455
Dissemination of Scientific Information

A Planning Guide on Innovation in the 7720489
Di ssemination of Scient! fi clnformati on'

Relationshtp,of Or-ga'nization ClimateJ681946
to the Transfer of Scientific and
Technical Information in Industrial
Settings

Intetnat'l l 24,915

Science s B3,800
Information

Science $ 101,764 .~
Information

Science $ 51,143
Information

SCience $ 92,586
Information

Science $ 219.500
Information

science $ 10.017
Information

~

~
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58.
APPENDIX C

FY 1977 GRANT AND CONTRACT AWAROsll

TO SMALL BUSINESS

LISTED BY INDIVIDUAL"ji,WARD-KL

NSF DIRECTORAT(b
c
:

r
YIncl"d,' ro rammatic rant and contract awards n . Excl udes awards !r·'-··.\;:'·~

pr;m~rl y for N logistics support and purchase orders except where
nutedTntt he Research Applications Ij s t . ,~,:".

~'::-' ''; .' '- .';



APPENOIX !l.

FY 77 AWAROS TO INOUSTRY--BY NSF PROGRAM ELEMENT

.,;;:
MPE -v: ~ '-'Amou.~t_

Other-Math Sciences I $ 3'.'000:
Engi~~efing/HeatTransfer I 63 ;7.00
Enginee~jng Energetics I 27.700
Engineering/Fluid Mechanics I 73;400:.
Met!-'!:1:1ur,9Y I 75,300
Ceramics 2 137,500
Materials Research 2 186,700
Chemical Analysis I 60,000
Engineering I 66,500
Other I 24,535

TOTAL: 12 ],18,335,

SH._

Policy Research &Analysis 5 217,847
Cooperative Sc;~nce Program 1 500,000

Scientific Organization &Resources I 24,915
Economics~of Information 2 '185;564
Access. Improvement 3 363',229-·-, ..
User2Requirement Program 3 146,186
Stud; es of Science Resources 6 534,269

TOTAL: 2i* 1.972.010*

AEO

Aeronomy 2 136,500
Solar-Terrestrial 2 148,800
Atmospheric Chemistry 2 119,900
Solar Terrestrial Physi cs 1 67,500
Information Services USARP 1 21,000
Contract Support USARP 5 7,059.825
Climate Dynami cs 3 288,800
Research Ship Support 3 295,047

TOTAL: 19* 8.137,372*

BBS

Regulatory Biology 3 164,856
Metabolic Bio. I 80,500
Economics I 12,500
History & Phi1osophy of SCi. I 82,700

lOTAL: -"6 340,556

56.
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Resources
Renewable Resources
Societal Response to Natural Hazards
Instrumentation Technology
Excavation Technology
Earthquake Engineering
Environment
Weather, Modification
Regional: Environmenta1 Management ,
Chemical Threats to the Environment'
Pr:oducJi vi ty
Regulation
TeG~no)ogy Assessment
Pub.li..c,'Sectpr Productivity
Servtce.De l tvery Technology & Systems
National Productivity Measure.
Service' Productivity &Intergovernm~ntal

"'Relations
puhfi'c'Sec~or Productivity
Public Policy
Distribution &Equity
Sys terns Ana lys i s
Biomass Utilization
Ntner-alNar-ket Behavior & Shortages
Res9urces Development &Conservation
Adyan~e9 Processing Technology
Indus tt-i a1 Program
International Travel

BBS

Genetic B"iology
Ecosystem Studies
Regulatory Biology
Metabolic ,Biology
Biop!:'lysic:s
Memory: & Cognitive Processes
Ant,nropology
Economics
Hi~tory,~ Philosophy of Science

TOTAL:

87
1
2
3

19
12
94

2
10
13

134
2

25
1
5
2

1
2
1
1
1
1
1
1
1
8
1

431

2
1
2
1
1
1
1
1
1

IT

54.

2,122,800
35,000

920,000
198,600

1 ,732,800
2,013,100
2,293,600

101 ,900
2,,769. 309
3,592,400
3,,?69.600

929.0.00
1,115,675

5',000
·66.4,025

1.9?.,oOO

59,500
121,600
260,400

5.760
24,942·

280,000
190,000 .
708,300
89,700

142,819·
. 978

$23,829,7 99

548,200
198,000
112,100
319,200

72.600
63,100

112,500
16,200
82,700

1.•524,600
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50.

NASA patent pol tcles-appear-notvto be 'a sed ous deterrent to' industry
participation .tn NASA basf c-e-esearch act'rvtt ies . Patent rights start with
NASA but 'companies often are assigned developmentright~ifth~'~overnment

does not plan' .to use the- .patent ; NASA',s congressiona 1 'suppot-ter-s have
emphasized' that- NASA, supported. researchcls- benef; ctal to', u.s. industry' 'ar(d
the national economy. Novtnq r-esearch resurts- to util tzat'ton-ts important
in meeting those objectives.

NASA's, pub'l-lcat; on: polides tn'<the basi c 'research area 9'enerallY resembl e
those of NSF; NASA'encourages pub'l-i cati on in refereed.'journa'l s- and staff
spoke or.entncreesf nu.emphes.ts on that mechanism as-one of the evaluations
of qualityto,be,weigned when:considering'furtherresearch support. In
addition. for NASA contracts, p~rticularl~ those let ,i~response to specific
research needs,', NASA· requi res a' -technt ca,l,' .repor-t addressed to "NA?~. ,In','one"
of the r-esearchr-areas .it was' noted-tihato-esearch findings' by-pr-lvata f't rms
in the natural resources area sometimes, are not' published readily;' some
companies with large research programs .end-tebs part tctpata reedt ly in
certai n.of the basic research. activiti es., end.pub l ish' results: in the -open
literature.

AIR FORCE OFFICE OF SCIENTIFIC RESEARCH

The Air Force ,'Offi ce bfScientific Research rel ies mainly on unso'l'tcf ted
proposals fnri trrl t'iat'ion ofcnew wor-k through 'grants "and 'contracts. ' Proposals
are supported based-on "their originality ,',S ignificance tos'ti'~nce, 'the
scientifi c competence of rthevinves t'tqatct-arthe reasonebIenesscof -the research
budqet ,'. and the .appropt-tateness to -the 'Air Fofce., "Grants ararl tmfted to
support ofcresearch atnmtvers t.t l es .and. not-ror-orortts. Contracts 'are -
used to 'support reseanchf n etndus'try. ,--

Research 'awards' to ': in'dustry-.vary-a:'ccordin'g "to the' indusfr,v,exper'tise 'and
interest as ',' these "re late' to _the-Afr',.Force,"s ,-re,searchprograms:f ,and the"
interest ',of, th'e' Air Force in', the .i ndustry- expertis,eo,r' t~e'questfons,.that
a reseat-chenmey-wentvto inve:stigate'-,,:TheAFOSR indicates th,at:'atio'ut, 15%
of its extramuralbasi'c researctroutt ays ,got,oindustry ~ and -estimates 'that
about ,10% ',of.these awards' are to, sma11 businesses .-

Industry performance of basic research, for AFOSR ismore likelY"in high
techno logy areas' such as electromagneti c 'material s "research .and devi ce
concepts., ' In thent crowav'e, 'tube' area;'AFOSR'has,'sevenin~ustl-iaTres,~arch
perfonnersand because of a, 'scarcity, of trained researchers in this' area
Stanford University is training researchers in the field.

The AFOSR"reports no; spectal pat,eh{: probl ems that appear to deter industria1
basic researchers'from Air'Force',work.
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48.

ONR does not have data permitting comparisons with NSF on proposal pressure.
ONR. ;~,terests are known generally and p_rel~l11,inar'y_~ontact serves as a screen.
On'lypr-opose'l 5 of some 'interest to ONR .ai'.e:subrnitted in most "cases. There
are few unsol i cited pt-opcsal s andtheiir·r'elative "l tke'l thood cf-suppot-t is
not h,igh; - '-

In the nature of'ONR-felationship's; contra.cts'"a'n"d negotfati ons ,there are
no seri ous administrative prob lems-of- a "continuing sort -f nvo'lved with
patents or publications. There are no cost-sharing requirements.

NATIONAL INSTITUTES OF HEALTH

NIHd6esnot makeqrantsifo tndusta-y. rtsaw;;trds,tq;ndustry-are in ,the
form 'of contract's. Mosfof'the 'contracts wf£hiridiistrY'are in. response :t6
requests for proposal s. Within specifi c contracts f tr'ls sometimes neces sarty" '
to perform somebasic,..res~,a.rch. but such bas tc research. is nei,ther,the
major por-tfoilpot 'the 'pr'i.rnary purpose of the' contract. This accounts' for
the fact that ~no",i:n,du'strYbasic,'resea.rch.5.,s,reportedbyNIH in the ann~a1 ,
Federa 1 Fun'ds' "report~: since tra'dliionally: NIH has' not' 'sp'l it' its awards 'for
reporting purposes. Rather, the entire amount of any award has been
allocat~q to the major res~arch or development thrust .

...c····,,· ' , .' " "'.' ,." ,

There are rfe1a-tive'1.Y':"few unsoj t cited"research'proposal s per year' froin industry.
In FY 77. there were fewer than 10 active R&D contracts with industry
resulting, fro~,unsolicited prop9~als. some new and some carryqver ~rorn
prior years. s· . - -,', ., . .

r,

In FY 76 ther'eweraebou't 300' R&D contracts 'awarded to :f~r~pro~it drgani­
zations.

The cetsmtnatt o~s for'awards' ,'fo i ildus,t.ry aremade. on the' bas't5 of compet.i ti ve
eva 'luat'l on~with 'a-v~r'yfew ,awardep -on':,~he bas-is 'of "s';~guTa:r '~,echn;cal
competency." Nlh-suppor-tedj-esearch ;~.'industrY: is pr;,rnarH.>";o.theli-fe
sci ences. . ,-,':". ,', . . . ,-.

NIH policies concerning both publications and patents resemble, ctosety tnose
of NSF. Researchers are encouraged to publish in the open':ffteretureend
patentr;gh~s are dealt with on a ,d,.eferred ~E!~el111;nat;o~ bas ts as wfth NSF.
Cost-sharipg,~s ba~ed'on;n,d;v;dual:contr.act neqct'lat'tcns faasednn poss'lb 1e
cornmerc;a};'adv~n.~fpeto, th,e:res,ea.rch 'performer. - . -

NATIONAL AERONAUTICS AND SPACE ApMINISTRATION

D;scuSS~.9nS:.I1~reh~ld .w,i~h,NA:~A:--~~ad(iu"a:r1;er.'s .tesearch ,Ma~,a.gernent st,aft··';n .
three"atE!as::::"'engineering,;' 1ife .~:ciences, .and space, .and .terrestrial .s,si,ences.,
NASA I s .pp,l i eyes on the .suppor-t .cf bas i~ reseerch are ',COll)p] etely~op_en;,:': -J r:
Anyone can .app'ly. From one area to, anRthe(r, .oj-acttcss vary., Project
announcements 'and knowledge of 'program 'thrusts in each fi~ld~~ve a ,maj~r

influence on the support sought by research performers.
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Directorate/Field/Program Area

Science Education

44.

Science &Society
Science Education Development
Science Education Research

TOTAL:

Adm; nt strati on

Office of Planning & Resources Nanaqeeent

Office::of Government & Public Programs

1
4
2

7

6

6

2

zoa.too
484.648
19.890

$707.638

1,115,744

·295,999·,

28.0~5

l!Appen~;x~.~rovides more detailed list by program element;

YIncl~des'<A~tarctic Research Progr~l\Ilogist;cs support
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Table III-4

FY 1977 GRANT AND CONTRACT

AWARDS TO INDUSTRY11

42.

TOTAL:

%ofJY 77 tc: FY 77 <'
Obligations' ObligationsOi rectorate

Mathem~tit~l'&'Physica1
Sctsnces ,&' Engineering

Scientitif~·T~chnologica1
&International Affairs

Astrori6~i~ii~A'trnosPheric,
Earth &Ocean Sciences

Research Applications

Scienc~ Ed~cation

Bi01Og-ica1 ',c,- Behavt ora1
&Social Sciences

P'l anntng ,&.Resour-ces
Management

Administration

Government &Public
profk'anis',:

No. Awards Amount

12 $ 718.335

21 1.972.010

19 8.137.372

liD 9,714,070

7 707.638

6 340.556

6 295.999

6 1,115,744

2 . 28.055
189 $23.029.779

.32%

10: 15

3.48

15.2

1:19.

.27

$224.4

19.411

233.0'

63·.7Y

..59.nY

126.6

1IExch,des purchase orders _
YThese- 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.

~Includes U.S. Antarctic Program
.1ISdenceEducation total' less Fellowships and Traineeships ($15.3m)
~FY 1977 Total 'NSF obligations ($791.8) less 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 proposal? received during the current fiscal year will
not be acted on finally until the following fiscal year.. In categories of small
numbers, particu1arly,where contracts ar~ included, it is possible that for a
single fiscal year awards may exceed proposals.



Table'III-3

Fh977 PROPOSALs RicE!vm"FROfrINDUSTRY

BY DIRECTORATE AND FIELD OF

SCiENCE OR PROGRAM AREA WITHIN 6IRECTORATElI

Directorate/Field

Mathematical &Physical Sciences &Engineering

40.

Math &Computer Sciences
Engineering
Materials Research
Phys i cs
Chemistry
Other

Scientific, Technolcqtcal .& International

Policy Research;~; Analysis
International Science
Science Information
Science Resources Studies

TOTAL:

Astronomical, Atmospheric. Earth &
Ocean Sciences .

2
5
8
2
4
1

22

8
6

24
7

45

$ 53,000
769,316
926,600
212,500
509;750
10,535

$2,48) ,701

701,039
1 ;623 ;600
2,162,686
'488,61"3

$4,975;938

Atmospheric Sciences
Astronomy
Polar Programs
Ocean Sci ences

Biological, Behavioral &Social Sciences

Biological Sciences
Social Sciences
Behavioral &Neural Sciences

TOTAL:

9 1,746,600
5 398,700

14Y 7,679,225
1 40,700

29 $9,865,225

7 1,250,100
2 175,600
2 98,900

11 $1,524,600

l/Appendix A provides more detailed list by program element.

l!Includes Antarctic Research Program logistics support.
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Directorate

MathematfcaT; Physical :&Engineering
Sci ences

Scientific. Technological &International
Affairs

AstrOri~-ical, Atmosphe'ricj- Earth <& -Ocean
Sciences' -

Reseafth;Appl~~at;ons

Bi0109; cal ,/'BEihiivloral

Science Education

Total; From
A11 Sources

1,027

38.

Total From
Private Industry

45

Other (Administration; Office of
Planning &Resources Management;
Office of Government &Public Programs) ~

TOTAL: 28,122

*Excludes Fellowships and Traineeships.

.u
568
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36.

Th~-'ffstit',':Ye:i\'r" 'i'9i1'dit'iji:'lrl:' ra6:i'~:':Jil~i:' '~how_~ that::~~Or_e:~pr:oPOSa] 5':were
received" i n-the·,rnateria-l s. res eareh -area,th an.e.l sewhere,,; ncthese.rthree
directorates, with atmospheric sciences. biological sciences. engineering,
astronomy and chemistry all .recetvtnu.rour.or-.more .psoposal s'. (Polar
programs ts ccns tdeted. to .heverr'ecetved rtva research. proposals' 'when the
nine for research, support services areexc Iuded}.'.

The greatest numbet-cof.Jias t c research proqt-am-awat-dsowere: made to industry
(Tab1e II I-5) , «in rnater-i aIs.n-esearch z atmospheric' sdences •.enqt neer-tn9
and biological sciences. :(When rolar;programs support awards a~e excluded,
that program category drops to the low end of the group). Appendix B lists
the grant and contr.act ~~ards: to}n,dust~y by,NSF,'·directorate:<tqd. program
element. . , "

The data for awards to ;~ma'lj b,usiriess;'a':SubSE!~ b(the da£a;fb~ all industry,
are grouped by totals for eachdjre'ctorate'andth.en,are in'div~'duallY listed
by award by, Dt rectorete f n Appen,di x 'C" ,~~vfew,',:of- the ,Clwards,~'to small
business made by"Jhe t~rer ,bCls,ic:~E!,se~rch,}i~ectoratesinfiscal year 1977
shows that most' of'thes'e: awards, ~r(for~'an~1Ysi,};', or e'ialua.t]OIr'of data on
research materials. ' " " ' .',

The actual numbers of a,w,ar'ds,i nthes~:are'as;,'ar:e' 'too:,'sl!1all,:tb;permi t val i d
conclusions from stat-ist'ice l compar-isons-of" these' to~a.l,s·,vri th-the data on
population characteri sties:' and-dt stribut~ ,on" of 'bas] cj-esearchers in industry.

RESEARCH APPLICATIONS DIRECTORATE

Some 1417 proposals were':~~cefV,rd' by" ,thJ 'J~.es'~ar'~h,.App)i:c,at.;'on;s"Directorate
in FY 1977. That directorate has accepted proposals"fr9lT1,~Y'iya:te ff rms
without special criteria for qualification beyond'tne merit criteria used
for consideration,aNj S,uppprtpfproPoS(il.s, fro,m, other s'E!~tor~,~' In addition,
small busi ness fi rni~rJh~t )l,ave ou~s'tan:di.ng',capahHi~ies fdr, sctentt rtc re­
search or technol ogy~ have:'be~'n ,e;ncd;ur?g¢i:1 ~o,'_S:,u,b,rIJi':i"pr:opp'sat:;;' pautsicu.lae'ly
because of spec-ie 1 1~gisJCl,t1y'e.pr9vl~,fol)s', ,fir-s't Jfd~~'1,:~y".the ,Cpngress tn
FY 1976. In FY 1977",~h;E!,Re,sE!a.rc,r,fl,pplic?,tiPr~ directorate"rece,ived 431
proposa1sfrom priv;a"te"in.i:hJ~try ,~:alllQull,:ting, t'q'9-PPr9x:ill1at~1Y':,3Q%, of the total
received. Of the 431. th'e,re'~er,e 329,:proPosinS~,:'~b'a1:~ sina,l,l bu~'in'esses submitted
in response to thec"n,ST!ia lJ: B,usirie'~s "I!i'r.o,vat~;9n:'; :'soJ:; c;it.atiQn~:,,','~esearch
Appl i cation made 5,44' ;~wards' inc'FY,,??;' 'llq'awatds' were, made "to.',:industry, nearly
2D% of the RA totaf num"b"e'y., of 'awards:" . Or-the"ll D RA awards to"'industry,
95 were to small business, 17.5% of the total .numbet- 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 solicitation are in the data,
shown separately in parentheses):
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34.

Industrt,aJ~p*o8~~:~'1'",~n,~."award l~vels i~::NSti~::;~'~s'i c :.r~\~·~,dtch, sliPpbft'i"rig
d;rec~~~a~~~', ar~dt~cus~'e~ .J?lHo~. ,-. .' ' .

BASIC RESEARCH"ONLY

This ::secfi'?ii"t'dns'i'd~r~' "pr6ptfS'a f.. :pr'e's's,utes, ;O'~---NS'F_'tr':oln' iBcfus;lrY',~f6rb'a:si\~.
resear~~, ',suppo,r't in, t~:rms: .cf _the,:da~a :.,f?_r :NSF: .':5, "tl:n~ee::di.r,ectot:ate.~:_:inwhich '" '," '.':
nearly all ol--the ob1igat'i ons '?~~' ::in,',sup'p_dr:-t ,of,'ba~ i,c'res,ea'rch-:"the,p,irecto'ratE!.
for Mathematical. Physical Sciences and"Engineering (MPE); the' utrectcr-ete." '
for sto log; cal•. Be~avi9~~l,a,nd"So,c,ia1 Sci,ences eBBS )"ar:tq,,,the, D'i rac tor-at.e for
Astron,omtca1" At,mo,sph'eric'" ,E,afth 'an.cLppeai(Sc,i,~n:~.,es ::('P.A£~l) , ,

The FoJudafi on' (s"p,~ t icy >O~:'.:th,e.,.s'b:p·P?ti_;'Af :b'as'i'2:_rE;'S:ea,~.~h,: 'I)r.opb~~aJs
pri vat.e 'f~dus.,~ry, e:has,q'e!?,n, -~i~T~,s:~ed;fof ;in'~ml- years.) n"J,~~:s.e:,~§rds:~~,

"Private Profit Or9anf.i~ho'n:s;: ';c(JmiTIer~i(h'f;hris::are' inTre;qtie~f"
rec5,pi ~nts.of ,_a~a rd;s:;t:qI,A,c.i ~,:ltiUc .r,e.:5,.e,clJ:,c.~ .' proJ~c:t,~sHPpq,rt. ,
Howeve'r~., ;:n,except i,m~al_;cas:e:s• un :splic,.i,t'e:d.pr.b:p'o~i3,Js:' T.O'r;' basi,<
research w,il} be,'~Q~sWere9":JnQIIi jnd,us'tri"i3,J Qr:J:I.i!r}z~t,;6~~,.~hefe::'_
(aJthepr_()j~¢t ;,:s,;o,f: spe~;a l:rorice.r.n, .fr()~,.aria:~,tQn:al; 'R.oln,to,f

. View" ~nd,:shOl'!s_,.'pr:oini,~~." ot,sotv:iA.9 :a~:,.iinp,ort,&n,t. -~;9Jent:i/l:C ,."" ... :
problem;' "(b) trrrrque resources are 'available 'tn in-dustry-'for the
work; or (c) the project proposal is outstandingly meritorious."

This pol icy has been widely knO\'1n': J :I-{h~b hak:b~~:h: misJridkr~~d)(jdbl:~b~e-;'
who 'hav.e.::thpu9,ht: t,h~t:;\NS-f:"never.: mak~~,a~_~rds "F? ,I:ommer.~i,al;l.tnn~", f0t,":.'-:;;
support of bas'tc re.~.ea-r.c~;,_sud ;,sn~t ;the:".c~se~, :~warCls: ~9 ;pr,rv~~ec·f;rms"
for bas i cres.E1a'rc,h ;s,upp'or,t" :have'"beenreJitive1y· '.;nf;,e.cjH¢ht~:btit.,ha,vE;!':been,.
made by NSF for many 'years. ' . > ", -' < ,-- .,' •

Concerned that;,~he:J,t)n9-s,ti3,ndi,ry,9 wor~;ng of the"basic research support;
policy may ha'y,e b~ery:"undulY :fl~9ativ~,;i.~:~one>: t,~e National' Sc.iery~~: Bpal"9, '
on January lQ"_:,r~}a:,,,~ookJh~:,f()].1ow.1,ng, ac:t:!?n: "
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Dollars in Millions

30.

TOTAL

Food and kindred products

Chemicals· and allied products
Industrial chemicals
Drugs and medicines
Other chemicals

Petroleum refining and extraction

Stone, clay, and glass products

Primary metals
Nonferrous metals and products

Machinery
Office, computing. and accounting
machines

Electrical equipment andcornmunications
Communication equipment and'
communication

Other electrical equipment

Transportation equipment other than
motor vehicles~nd eqpt.

Other manufacturing industries

Nonmanufacturing industries

1976Prel imin~~V-'

68

2

18
3
5

10

4

4

2

14

4
10

2

21*

% of Total

100%

3

27
4
7

15

2

6

2
2

6

21

6
15

3

2

31

*Including commercial research and development f'ij-ms.

Source: National "Science Foundatipn
Pral tmtnaryr Data
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28.

Table'TF-9: Funds .'-for:Ba~icRese_ar"th- br_.Selected 'Indu'stry
(Inc1udes comfanyand Federal Funds)

19 land 1976 ..»:

(Do'l Iar-svin milHons)r

%of Percent
1971 Total 1976(Preliminary) Change.

-- %of Total
Total $sin 100% $786 100% 35%

C~emicals and Allied 216 37 322 41 49
Products

Drugs &Medicines n. 125 16 62

Petfoleum refining-&
extraction 21 4 45 6 114

Machinery 22 4 36 5

Electrical.equ1pment
143 ,25 148 19 4,&ccommunlcatlon

Ai:rcraft & Miss,iles 53 9 52 7, 2

Nonmanufactur;ng 31 5 29 4 _ 7

All -ctbet- industries 95 16 154 20

Source: National Science Foundation
1/25/78
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26.

Table 11-7: Funds for Basic Research,by.Size,of CompanY
(Includes Company and Federal Funds)

_'j', ,.1971 and 1976

.~t{-Oo11ars ,:;'ri' ni1\~;1ons)

1971 . Total--;-'--

$581. 100%

51 9

72, 12

422, 73

1976{P,rel irninary)
"-, % of Total

$786" 100%Total

less .than 1.000 emaloyees
,~"_. J,_:

1.000 - 4, 999 emo1oyees"._

5.000 - 9,999 employees

1O.0q~or more emp'loyees.,

36 6 69

38

112

56~

9

5

14

72

Percent
: .Change ,

35

92

_26

56

34

Sourt~/ National Sciente':Foundation
1/25/78

NOTE: Since different companies cpmpr;~e the specific size classes in
each year, the data by size.',of,·comRany may not be entirely comparable.
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24.

Table: 1:1-,..5), ',Cpm!Jan,}l,,,,Jil!nde,d BCl:sicj,:J!~s.ea.rc.h ,-~;s; a'·· .
... Pe'tc'enf~-df--Tbtal '·C-omt!.a:ny- 'R&D'"

i ;:"'r- C i : . r ',_
"''1970 - 1978

,.., .,~ ..

1970 4,3%

1971 4,3

1972 4,0,

1973 3.~f',·

1974 3,6,,;

" t~\l\ 1975 3,6

1976 ;,,~, ; 3,5

1977(estjc ; 3,4,

1978(estl r 3,3",

Source: National Science Foundation
1/25/78

-''-;;'

';c.

- 2t

--,;;
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22.

" .- ( r_ ': .~,,',

Table' II:"3'-'

Sha+ei,.'of~iF~d'eta1:· B~k.i\: ,'Re:sea}ch'(Pe~fdr'med:-:6y:: r riau~st:r.yY-'· -b)i::Ma;ib ~~~~.Z:~c:-;
, Support Agency. with P~=;c~ntChang~. FY_J97l:,&- FY 1976

Fundi.!!9.
Percent.Change

1971 - 76
Share of" To'tal

r!·.,·,.~9~~,~CY;:?""1 "",-"
1911 1976

NASA :;l,S 63% 43%

ERDA s. ;; 16 28

DOD 19 21

NSF .5 5

OTHERS .~ 2 3

;'-:'1'

U~iI

i~

-43%

+45

• 9

+700

+5D

_I
~, .
']:1- Inc'ludes federally funded research

~dministered by this sector.

d •.'

iLX

Source: Federal Funds surveys. NSF
~y~:;:;:, l/,2f?I?f!.., -l.'; ) ..:I"':"f')

,,\",

&developm~~t centers (FFRDC's)

, <:;

'}"71,'

hoc:'!
'" :Yi~;>'

-, ~- -c-ru-
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ava11~b.~,e, ,;tq it, ..y~t1}itlcrease4_e:JD[l}oyment: 'E:rospects "and f:l?J::eign- cun:l;!ncy "

earnings, from .export.a or. Ldcense .Lncome, The ,tota,I, NRDC investment in bo!:p'

private;- and,inst:1tut;!.o:~a.ti;i,u[lport, Is. not large:;>~he _-rati9n~:t,e,is ,that: \"

,Tl1~,co,st:,of; most of;J;h~ ciy:Ll,._,developmei\.t ,wor}c;Jn
this country will continue to be met out of
i,ndu,s,try" aosn ,:respur£E;s, bUt:,:~h~re maY"be :C:UGea
where individual firms are unable to undertake,
~ntir~ly,'~~itheir!~~expense.~pedev~lopment;of

potentially valuable projects. In the export
-,;ielli;t~c'p'-eedfor the li?,it&d,KingdiJm: co ,develop.

and market technically advanced products against
~trong:lnt:ernation~l,c~~p~t:i~io~,putsa,fteavy,

development burden on much of the country's manu­
facturit\g industry:. .En such~.lr,<:,~st.ances there
may be merit in a collaboration between industry
sndNRDC.

It is ,'.s,natural .conaequence of, ,the, CO,rporatipn ',B,

st~tutory functions that it is' prepared to under:
take, projects, where the degree' of" risk: is. grea~(';r

than that which n commercial undertaking would
re~~rd~s justified.~

Having oper~,te.dat a deficIt, for its f1J::'st,,27 years •. the Co;rporst:Lon ,for

the first time\!n ,19?5..7.6.. :~a13, able"to,ca~ry,·,~orward a:,n(';t ,surplus" The

total investment in external R&D support over that period (1949-76) was'

••48.2 mil~i~n,poulld~ sterling (abou~ $87 .4Mat current' exchange,rates).,.

In 1977, alone it,is estimated that the,gros~ -eeount; ofnew;;indllstrial',

production wh1.ch the~C ,h,~!P~c1·;!;O g~n~rate .wes. lOO":1Il111ion .pcunda

sterling ($181.25M). with a ten year accumulated total of 600 million

* "," ;<,':,,:- ';' ,'-:-', ,';'" :;
national Research Development Corporation:- An,Introduction(~C.;

London. October 1910) •
••27th Annual Report and Statement of Accounts 1975-76 (London. England:

NRDe. 1976).

54



Although generalizations;ar~perflous.'th~ case f~~-company
that had a 'join't. venture with 'its one-time U. S..' illlpor ingagent' dudilg
the first. few 'years 'in ,whfchit 'man.ufsctured in 'the-U S. ,,:seems ,typi~,

cal. Prior to developing its 'own m3~ketlng ·c()mpetence,:unde.rfts .
own' ownershipumbrelts. this subsidiary ~aseffectivelycut:off

from new developments 'inita >marketplace and wBs--'ilot'abl\f-'to
get information about new applications 'for the particular'product
it pxodueed., 'Afterbuyingout its partne'e:s: 'sales network, ·Tt­
was able to reintegrate the mark'e,ting "and ~&D' '::functfons,in"'the
U.S.''- and went ,from rather, ..dismal failure to quite considerable
success over the subsequent five yeats.

Acquisl~1on seemstoproyide the quickest way to learn U.S.
technologysnd,marketing ~$kills that' are nevrto . B·.European,"group.
This was a~ey;reason for.P,I,essey's acqu1.S:ition:ofthe'U.-S.
compstlyAlloys·Unlimited. The acquisition by a Europeanco f L
c:ompallY of a small,U;S.refinery.had .B .eamtLar -mocdvat Ion-s- but this
time for .pu'rpo sea of le,ar.ningmarketing ski-lls .rather.:than .trechnc-.
logic:alskills. The European,firm'l s executives remarked that,they:
felt. in ord.e~ to bee. viablewo'rld~idepetroleumcompany. they "
had to learn marketing in the: market where:mostof,theirmajor
competitors .came from. The company did not :,feel·.that,its marketing
was strong enough to enter the' U.S •. first by setting up an explora­
tion c:ompany and .nhen gradually working it's way :into competition
in refining and distribution with otherU. S'.: petroleum .cceperuee,

A pharmaceutical company, which originally entered th~'U.'S';
ehortly after ,World War II by formingitsown.sybs~diary.n~ted·

that it had recently taken over~O.o% o.~a U~ S. hospital supply..,,;
company. The company indic:at~dthat asfar"~spossible it pre~~rr~d

to avoid acquisitions-"end the, digestion p:r()ble.1!\s that ae,quisitions
usually cau~e"I'but th~t.in, th:i.s par.t1cll1ar-eas.e it f~Jt,..thatth,e.
pharmaceutical b~siness'was c:hanginiso~~ap;dlY that,it could nOt
take the.tim~to:learnmedical,electronics:andhospital servi~~~g
without making"s;uc:~.;an: licquisition.

One expedmerit. designed:to.addressthe prob],em of technOlo~ic~i)~~.

and Insufficiencyof furidsis' the National Research Development corPoration

(NRDe) in, the United Kingdom,. This is an independent Pl1blic:: corp~ration,.

f1nancedbygoverllJl1.en~ loans. established in 19,48 und~r ,th~, Devdo~en~ ~f'>'­

Inventions Act whereby new high risk R&D ventures c:anbe funded'; "'The

fields covered are the biosciences. industrial chemistry, sc:ientific equip-

ment. ,mechanical engineering, production engineering, electrical engin-

eering. electronics. c:omputers and, automation~ NRDe assists the advance

52
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Being 1nsidethe fast-changing andcompetitlveU.S.
market brings two advantages. First, newdevelopmerits can ~e'

transmitted more'rapidly to the,:EuropeanpBrent company. _so
that it can compete with U.S.-based and other European fi'rrns as.:
new products and methods are introduced 1n Europe. Second, a
corporate lead in high-income, labor-saving products in the
U.S. prepares a European firm for competitive battles in Europe,
as European markets 'take on "u.s ," characteristics.

A goodmaoy"tliropeanmanagers. ad~ltthe:need 'tolenr:n-b~:"doing
1n the U.S. in. order to face, what U. S.,_ companies"Cor" moredadog
or lucky European competitors 'with U.S._ operations) might 'employ
on the, Europea~,.market"infuture.

Olivetti is one company that has not hidden its desire
to learn from U.S. marketing snd technology. Plessey 1s another
European group that has public;Ly state4, f.t s de sdre to lea~n fro~

U.S. practice. In its proposal' to: sha~ehplders 'fo~,the acq~isl~
tion of the U.S. firm Alloys Unlimited.' Pl.E!sseyst'atedthat' thE!
acquisition wou1.~.allow i~ to, "acquir,e inuned,iatelyo number Of,
products and know-how whdch are important to our successful "
development. II Piessey I~, depu,ty chairman notes thl'>tlt "voul.d be,'
uneconomic for, us (lJ:"''any other European' tnanufacturertolearn
(on his own) the s~i:l1s evddent; in t.li~ A~.~~ysorganization'.",

A similar, .ra tf.onaLe underlies part of UnfLever" s .Lcng-.
standing interest in U.S. operations. And manager-s vo f one European
petroleum company commented that "in order to be really successful
in Europe and e.Lsewhere .. we have -ec ,'competein':the"market'where:
the greatest petroleum ,marketing ,advances ,are. being made. We
have .tc compete in .t.he-U, S. by direct .dnves tmentvoper-atLona because
the quota system preventa "us from simply exporting' to the States'.,"

In all. nearly ,50% of ,the European company managers
interviewed in this' .study :emphasized the dmpor.tence of being ;in
the U.S. in order tov'Eeed back" technical or marketing skillG
to the mother company;

In Olle of the most notable cases of a significant product
breakthrough by a European fi1~ in its U.S. subsidiary - Sandvik
Steel's development of "throwaway" carbide cutting edges - perhaps
the most significant", factor WIlS the fact that the SandvIk group I s
deveLopment; director at headquar t era had himself worked for coo
years in the U.S. and was receptive to new product Lmp r ovemetrt s.•
He was able to convince g-roup management of, theusefull].ess 0,£
transferring' ·this innovation from the U.S'"t,o: European' operations'.
A development. teat,", from heedquar-ters ~Nas ,se,n:t: to the y. S. to
work with the U.S; 'R&D group and furth~r,dcvelop the new product.
These dmpr cveeents have accounted for. a great deal of Sandvdk t a
impressive gr,owth.C:uring the -last decade and now account. for no
less.·thsll:4'O%'of the 'gr'oup' s· worldw!de:s.~les.•"

50



950

In .the past (since 1925) the 'UriitedStates has'contr!"
buted most of the significant technological advances
1n't.he field.- Although 22%' '0£ the" raeesxceaaveeccs
originated in Europe, less than 5% were implemented by

'-'·European 'count.rf.ee 'first. Clearly,,,tlle O. '5. 'is: very
efficient at taking a working prototype and dnccrpcr»
stirig -it:' into 'an "actual flying 'component:' .ror. military'
and commercial use. It is in making the transition
from smode! "toasuccessfuLln-seivice syseea that
the U. S. is particularly capable.

In order for a country to adapt 8 technology developed elsewhere, the

process of technology transfer is of i~finltei~po~~~nce. It is a

veIl-known fact that the acceptance I production and utilization of an ad-

vancement is often delayed f~r long periods of time after the initial

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

to apply these technical advances has contributed significantly to increases

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

in an increasingly advantageous market pOGltion for the United States.

The cancellations of both the SST and B-1 efforts have contr:Lbuted to

an erosion of our previous position. The recent sale of the French A-300'~

(AIRBUS) to Eastern Airlines indicates that the American aircraft ind~stry

tll8y be on the verge of losing its monopoly here in the States in the medium

haul aircraft area.

U.S.' aerospace firms are fo~.n$jDintventures ,with
foreign counrraeev.v- Boeing will job w'ith Japan 'on a "$600
million venture to build a small (150-200 passenger) wide·~

bodied. low-noise. short takeoff airbus for use on domestic
J~panese routes • Th,e, GeneralElep-t~ic; ,Co '"l1:as joined
forces with ,SNE~'~:owned,~y, the Fre~ch:'goveI'Dme,nt. to
produce theCFU'56'aircraft' engine fo'ruse' in'$IOL.aircraft.
Pratt & Whitney will join forces withs German consortium.
MTU. and an Italian group formed.:' by Fiat'an'd' A1'faRomeo"to
prpdu,ce ~117 JIrOn. a,sompetit,ive, enginla~, These, eng~nes w111
c:0inp'l!te, t,opower 'the;next' generation of commerda1:a1,rcraf.t
x'epI~c.1.ng the, Boeing 7.2?ani;t }37.'~~~ theM~ponnel~''';Douglas ...

48
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8. ProblemSummarI

Let us examine the problemfroma.different'standpoint:-- what ere

the effects afthe lack ofadequstefundlng? Several -examples.snd some-

quotatioDs:from-competitive nations may help 'to:place in'proper focus-the

more important 8spects.of:thesubject.

Some consequences of the-,lack of available research: funds within .tbe

U. S. will serve as typical csse-studies. The first of these involved

Dr. Amdahl. a computer research scientist who worked for IBM, having design

responsibilities for IBM models 704. 709 and 7030, and who managed the

architectural planning of IBM System 360. Amdahl left IBM in order to

pursue a proposed design of a future laree scale syst~, ~hlch would have

involved a radical change from IBM's then "present generation" computers.

Since Dr. Amda1;l1 believed he had a technological idea whose time had

come, he established his own firm in 1970 and when sufficient fins11dng was

not available fr01ll American firms. or venture capital sources. he proceeded

to negotiate financing from a Japanese Company, Fujitsu. which now owns

28% of the stock. Some domestic support was prOVided by a Chicsgo business

development firm. Heizer Corpo.ration. which. owns 23%. The Board of Direc-

tors controls 8%. First revenues were recorded in late 1975 for the

470 V/6 computer:whicb competes with the larger. faster IBM System 310'8.

By 1977. Amdahl announced a net income after taxes of $27 million. on a

turnover of

industry as

$189 million -- abetter profit rate than that shown by the

•a whole. The need for foreign financing effectively transferred

*IIEurope's Chance of a Computei' Revolutionll
• Business Int.er:t1stioDa:i. -~e

Economist, April 22, 1979, pp. 105 t 106.
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companies begin to e8tabl1~h;overse4.e:()perat~~n8.•:.:,This is shown in

Figure 12 whicb shows. the nueber. of firms. whoeatsblished 'overseas opera-

tiona, Note that this number moved very rapidly-fromspproximately 15 or

20 in 1966, to almost 100 10-1971. -Further,we'can examine:the actual 10-

vestment in overseas assembly faeilities' br:,the eeae-eeen-ccndccecr industry.

In Figure 13 we see the n~~~r~f:flrm~_~$~~:peicen~a$ec~:thetotal ~ho

established overseas assembly facil1tles~ Starting In 1963 a very rapid

d.evelopment began of new oversessaalaei.bij<':Plalttsby the semi-conduc.tor

industry. which ~~che9-.~_·i-evel-~f-'~~p~()x~1nEl~ely,.80%10":19072. Thus, most

.8sembly or a significant p·ort~6n~'~fthc.,'!i,~~_e~bIY.~tE1etni~onductor products

18 curreutly being:p~r#ormed ~y~r~e~~'by~~ub~~dlarie~~n~;jaint ventures

of U. S. semi-conl;luc,t,ol'< :~~~ah.i'z'~~~_o~l!I,!,._

Several count.erbh~~etng_conseq).1ence,B,of thl~:a~ti9:ft;can be identified.

On the positive side.~he.~~t~bil~~~~~,of,pver~~~s.p~~d~~ti~Dfacilities

has 1n several cases preempted the establishment of Japanese semi-conductor

companies of production f~~.i~it:ie~;1n thea.reaj ~n~ has also given the U. S.

1Jem1-conductor industr-y,.a ..·local', sales 8dvant8.ge~- A',;second 'positive. effect

- resulting from' one- of,' the-,probable. prfinary:ressons ~or -the overseas

mov-ement, the avai-labU1ty.of'a:large,:sem~"'akillt!d'labor'~orce -- was the

containment of total'coats','resulting'in ceaecaer priCes'lo!er than

could be achieved ~-11th' U. S. produ'ction'.·

On the other side of the ledger, we must note the lOBS of employment

opportunities here in the U. S. (at least in the short run) and the loss of

national income (in the longe.r run) due to:

a. diveI:s.~C?n of :p'rofit,l!" and:tax;in,c~e, and,'

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

38



908

Contribution" in; BilHons "cf
Current Dollars

High technology t:anufactured goods +6.6
Agrlcul~ural_p~odu~ts~-~~--~~~~~~-----!1.0
Lov',technology 'manufactured ~6-ods- ' -0.9

RQ~ ~~te~i~_-----~c--~-~-------~--7~~~~;-1.7

+9.1
+2.1
-2.9

.-2.8

ill'?
+9.6
t1.5
-6.2
-2.5

1971

+8.3
+1.9
-8.3
-~.1

Tabl'e 3~ Contribution to th'eU:S'.; Balance 'of:PaYrifents:'by Indus't'r'i'a.1'
Segments
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trade balance. The significance of this e10sing of the gap confirms ~he: ...

data in Horn's article, and indicates that we will shortly be face:d with a

competitor who is technologically on A par w1t:h the'-"United States.

This raises the question of Where are specific U. S. industries in

relation to high technology development or the generation of higb tec~nology

products?

As previously noted. because, of the area of interest of the IEEE. w~

are restricting our examination to three major segments of the U. S. indus­

trial base in wbich we. currently maintain a lead. These eee.wfecercatce

and electrical equipment in general. the computer field specifically, as

well 8a the aircraft industry,

In the broadest sense we -must examine ·theinputsto· the high·,technology

segment of industry. by looking at the research and development expenditures

as a percentage of the GNP (see Figure 10) as well as the number of ectee-

tists and engineers employed in the research and development areas, which

1s portrayed in Figure 11. Note that both of these Figures include the

area of defense-related 'R&D.' 'and-: thls' fact'must be borni"in miIu:ttii' ~heir

interpretation. Half the total government outlay for R&D in the U. S. is

related to defense, whereas the comparable figures for FRG and Jspsn are

11% and 2% resp,:,~tively. ~~, commerc1fi:l elD.phasia"i:r\bo.thJspsnS:fLdGe~ny

,.' ..... -."",.:; .. :,,' . ",' ,,--

fo'rel'gn: 1nventions:b:~~ng,,_~atent~~_::l~

,ir '·c. __ .

Technology Assessment snd Forecast. 7th Report (Washington. D. C.: U. s.
Department of CODllllerce Patent and Trademark Offiee. Mareh 1977),
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country in total manufactured goods. The mee su'r e 'has been no'rteed GO'

that it can assume values between + 100 and -100. High positive values
of--the'· m-c.asure':1ndlca);ii.'a.'high ,lntcrna'tional-:competitivcne6il. - For·:meth6d
of'c'a!culaU(fn t.heu-cader 'ds referred t6i> ";'c-

Horn, -Ernst-:-iu'i:g~~ ;-'~'Ifl tetriat~t:ma~' *dCleand ~'e_ch~_i;iogl_~'al:,Iri~,(iyati'~n:
The GCt;man.:!'(),sit.ion'vt,s;:,;s-Vis Other' Diiveloped. Hnrket:., F.:conomie"s"., in
KarlA. Stroet:tr:amt'::;(E~l,.):Inno~~tion! EconomiC: Change and Technology
Policies, Bonn, Ge'rmany, l~?~! YCl.gel~4,.f7t,~eq. -



Figure 7

U. S. R&D TRADE BALANCE*

*(Exports less imports).

Source: National Science Foundation Indicntors, 8S depicted in
liThe Science Olympics", Business Brief, The Economist,
May 20, 1978, pp. 86. 87.

28



928

goods, we see in Pigure 6 that the United States' position in the world

JDarket has improved only slowly during the past five years. The position

of the Federal Republic of Germany has remained relatively stable ~ver this

total period. On the other hand the Japanese have increased their: pO,rtion

of this export market from 6.5% in 1960 to 15%1n.1978. The 8~eady

increase in Japan's export of manu~~ctured'products is significant and

appears to be far ~~re important than the previous. penetration by ITspan of

the total export market. In partlc91a~. Japants pr~~uction of consumer

electronicB has increased by a factor of five over the pa~t'lO ye~rSt and

•62% of the19?6ou.~putwaBexported($4.8 billion), 30% to the U.; s·:;

Data become more difficult to obtain when ~e focus upon high 'technology

end its impact upon exports and world trade. As shown, in Figure 7" this

is the ?uly area in wh~ch the,V. S. ~asnot only ma~ntained but increased

if'its trade balance. A :recentsympos1~;~ on ','Innov8t,ion, E~onomic',Change

and Technology PolicIes" provides some insights in this area. This sympo-

slum, sponsored in part by the National Bureau of Standards, contains

Beve~~~presen~~tion8whl~hprovide so~,insight~ into -the.p'rob~~ and

possible solutions to that problem. Of particular note is a paper

presented by Ernst-Jurgen Horn (pages 129-147), which was cited earlier.

Horn has developed a measure of the significance of high technology

producta upon the international competitiveness of nations. This measure.

*IIJapan t s New Electronics Goodies", Business Brief. The Economist.
April 22. 1978. pp. 84. 85 •..
Stroetmann. Karl A. (Ed.) Innovation, Economic Change and Technology
Policies (Bonn. Germany. 1976).

26



926

from 3.3% GNP to 2.6~. and by 1976.~a8>dQ~to 2.2X. The U. S. figure also

includes about SOX for Aefense-related R&D, which -hil,s,,_timited "spill-over'l

to the eommercial sector.

GrOBS' expendf tu're on research and development (as a percentage ·-o'f, GNP)

and g~~S9 re~earch aud development expenditure per capita also cbfrelate

highl£with,:';elative market share for research intensive products.' Thus

we CaD ceevreeeaeen and development expenditures as a rough measu're of
F

performance in trade in research intensive products. In general. such

studies a~ Horn's have shown research and development activity to be the

most 'impor{snt determinant of the structural pattern of international

competitive~ess. The influence of the research and development variable

in the U. S. appear-ed to be even stronger than in the case of Ge:6nany, with

•Which it was compared.

At the broadest-level the relative position of the ~. S. in the world

export market between 1960. and 1976 is shown in F~guie 5. During this

period we can see that, in round te~~;th~U. S. share has dropped from

18% in 1960 to 12% in 1976, whi1e'that of th!7'Federal Republic of Germany

has moved slightly upward from 10% toll% of the total ~or1d market. On

the other hand we find that the Japanese have improved their position from

4% of the total market in 1960 to 7.5% in 1976. approximately doubling

tbeir total export share.

This figure includes not only products based upon high technology and

mature technology but also the exporting of raw materials, etc. It is

useful only for presenting a broad overview. Focusing upon manufactured

•U. S. Tariff Commission figure,a,~:-,~n~,Horn,; Ern8t~Jurgen, cp , c~t;.
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7. The Current U. S. Status

There is no stand,a,rd,equation nor ee~__:;of tables t~~t can be em~lo!_e~

to determine our current achievements in .~~~apPl1cation of technol~~y :0

S. position in th~ export

trade arena. Furt~er, andprobab~y of .even. greater im.po,rtan<:-e", ,statist,lea

that could be a~plied_to examine this question are scattered and in some

cases imperfect. However, we can begin to;d~velop a feeling ~nd in som~

cases gain both insights 8~_d ,indic.atio,:\,s ~Y ,examining the informatio~,a,nd

data that are available. A~co;ding to th~ prod~ct~yclehypo~~eeiB dis­

cussed in ~ection 5~ innov.ative activities of C:0llntr~es__depend 0I!:.l?er _c:S:l'~ta

income as ameaaure of _~he stage of the cou~t~ in ,the develop~~~t-process•

•A study of 19 OECD member countries showed a significant corre1a~ion

between expenditure on research and development as a percentage of GNP, and

••per capita income. (At the level of the corporation, Mansfield 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 increase research and development funds.

This relationship is depicted in Figure 4.) In response to this perceived

relationship. both the U. S. and U. K. since 1945 have consistently spent

•••over 2% of GNP on R&D. However, German expenditures increased from

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

•Horn, Ernst-Jurgen. op.cit.
:**

Hansfielti •. E•• ."Research..and ,D,evelopment and 'Economic Grow,th!Producti::
vityn~ 'Na'l;:ional,Science Founda dO'n'C;olloq~,~i..i1l1--:,(\\Ia~hin~t6"n t~ .D. _q~":::Gi>o~,
1971).

d*IIThe Science -Olympic'II",' loc.·dt.'
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Wb~tever th~rel~t:-iv!!: ec;opomic adv~,I'!.t}3:ge8 a_n~. di!38:c1Yl1nttlg~s.,i,t, ,8.l?pears

to b,e:,the coneensua of botf!. 80v.e~p.t s,n,d lndustrLop:l:nit?p: .ths.t:t;1:le U•.S.

shc~.uld ;,~~rive to.r~tai,n :tephnolog!.cal lea.4ersb,ip .-apd::1:l,Q:tI:~. lnter:es;,.s .s:re

concernedtha t the JJ. S., 4.sunduly; ,er.oc;1ing.' ita: pas!tic,n ,:1:11, e~porting

technology.' without -adeqaaee safeguar,d,s/rec~p_ense•.~ .-;r;he conc~:t:n.' of govern-

mental poHcr":"tnak~rs ,is mat.l,ife:s,t~d '~': such, mE!;e:.t~:n~s..8S _th~8:,p};e_aent_"h~adngl_

under the joint auspices of the Senate Science.,. Technologysnd space SUb,·

committee snd the International Finance Subcommittee. Other aspects of

the problem are being examined by a HOUlile Subcommitteej the Congressional

Office of Technology Assessment. the National Security Council. the Office

of Science and Technology Policy, the International Trade Commission. the

National Science Foundation, and the departments of State. Defense. Tre~sury.

Commerce and Labor. In view of the wideapread interest. we are hopeful

tbat tbe outcome ~ll be a systematic program designed to establish U. S.

priorities and to define a responsive approach for achieVing identified

objectives.

Industrial representatives are also very much aware t;hal: a review of

our policies and practices regarding tbe creation and transfer of high

technology is an urgent requirement. Foreign products. incorporating' tech-

nology acqUired from the U. S. are beating out American productions in '

markets around the world including the U. S. itself. Because of thia.

U. S. manufacturers are harvesting too little of the return from their own

20
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of new technologies, e. g.~n R~D.: -and :,in', the pr-oduc-e
tion of goods during the early phases'of the cycle.
On the ",Qne ,\hl3nd,' these >countries;'a,re relatively
abundantly 'endowed with skilled manpower which is
int,enslvely used in the above mentioned::activities
and whose availability determines whether these
aC,tivitt~s can .or cannot:.,take. place. -Furthennore,
risk capital to finance R&D activities isrela­
tively,abund~nt. On the a,ther hand, a high per
capita income provides domestic markets capable
ofabsor~ing:newp~oducts.e.g. new,£onsumer,gooda,
labour-s,aving household devices and new labour­
saving Investment goods. When products become
more mature, highly qualified manpower becomes less
critical and the~ther factors of production gain
influence in determining comparative. advantage.
In the course ,of increasing maturation of products
or processes of production thecoroparative advan~

tage shifts to less advanced industrial countries
'which csn.already handle ,the technology in question
and are ablete compete:successfully withthe~

innovating country,becausether,enjoy the advantage
of lower wages .~* In ,the,late"phases of, the cycle
when products are mature and standardized. ccmpare-.
tive advantage shifts to the developing cuuntries.

Even in the high .uechncLogy phaeec there are advantages iIt:,occupying

second place, in that the high 'rd.ska and".inevit:able: "false at epa". will be

••taken by the leader. A nation which can: maintain 8:wintmal gap can then

be prepared to M the prop..ucts of. leading edge .techacdcgy, but produce and

sell slightly less advanced ...produc'tswhere the margins:.are less.-,but the

volume is much greater. "For: example,: Japan buys"avionics anl;1sells-'color

television.

*Haitad:~- K; .. "LowW~ges. ,ptoduc~ive'Eff1dency~ and Comparative
**Advantage"... I~:' -KYklo8.·Vol.-·24"'(1971)·~

See f~rexatnple.

Hufbilul#. ·.··G;C .•.;5YritheticM~ter:i.a1s ~nd" the Theoiy of' International
Trade"'~Camb-ddge" ·'Mass.: Harvard University Press. 1966)"

8D~',;"',:""':""',<:;"':, -':", •.. -, ..,.:,

Vernon;, Mymon<.1-:.(lid.};"Blg Business Bnd the"shie, (Cll~bridg~, ~SB,~ : ..
Harvard-University PresB~'1974) ,
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The need to provide .. acceptable 'technical service requires 'that -the-.

~ market supplier'must under-acend r.tiheccpexacdon 'of the' product,' ita

virtues -end limitations. and extends: beyond this -ro requirelmowledge of

the design and fabricat'ionof -the prcduc tcas '.we-Has ita mode of functioning

such that one is able to diagnose field difficulUes snd make the,.J::equ!sHe

•repairs;ormodlfications.

The transfer_of -tec:hn'ologyandofintellectual ,pz:operty",ia perhaps

accomplished most readilynthrough themobil1ty'of'.'people. This process

occurs not conly t.hrough ,hiring 'practices -deliberately. des Lgned.tto-ucquf-re

advance:t,'et,;hnological information •. but through- the ro.utineday--,to-day

mobility of the ·work':force"within and between companies. dnduut.r-fee vend

nations:.'

It -de oftcout-ae :undeniable' that"techn(Jlogytxansfer is fac:Hitsted'.'by

foreign, assembly J' fo redgn jaanuf'acmrre.rof .components , and. coap'Lete fnred.gn - .

Illsnufacture.'"But',dt, is essential to-;Ullderstand"that the abBenc:eofthe:s~

may have other negative effects for the dudue t r y 1nvolvedj,'-1n-clud.ing~both

the loss offon:.\~IW::~rketa'and,the,creat~on"of,;new.-:sou:cc:esof"fore1gn

competition. and .even.ec ,will .nct; resu1t, .. in prot.ect Lcn ofkcthe baedc

technology. ,The dissemination 'of' technology,,'canEP~beBtOPVQ~: it carr

••only b,econtrolled' arid Eilowed<dowil•

•Stee,le;", ~~,.,e;l w." The Economics of International, T,echnology ,Transfer. ~.n

Karl'A;Stroetmann' (Ed.) 'Innovation. 'Economic Cnarige"arid Technolo-gy
Policies. Bonn, Germany, 1976 •..
How Technology Transfer Affects the Competitive Position of the U. S. in
theWorl~ Aviation Market (Arlington. Va;: Forecasting InternatiO'ri}H'. Lt.d" ~.,
March:' 3, 1972).. " ," , , -
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capital)

TIM E

Figure 3. Technology Growth Curve

•A typic,Il:;, ,mea9ur,~ is ,the pe~cl!:tltage.,of fi~, in, I'I:J~a~_~it::ular",p~oduc~,
area-which adopt~he new te~hnology.
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Hovever, the direct economic 88ina on theint~~a~lonal ~cene r~?ulting

from the sale of t~chn~f~,gy-ba8ed prod~~ts have b~en d~~linlng rapidly. ~n

the ar~ of8_em1:-_cond~ctorelectI::0nic.s, w,herelJ' S. ,c,orporat~ons have made

nearly every technDlogical bI:eakthr~ugh. the p. S. trade balance has been

negative since 1,9611, anH,. eev eeecde at lllin~8 $2 bill.1o~. e)i;c:luding',c:'nly one

category -~th,at of computers -- in whi';-~.the _,U. S. retains a £.~:-,o~able

•balance. ..Further commentaconcerning thl~ particuLar. situation will .~e

••mad~ below. in section 6. An OEC~ report cites the compu~er indus~ry~s

one of onl~ three areas in which the U. S~ reta~ns its te~h~91ogic~~ ~~a~~_

in terms of net export of the- technology~ase~ (The other ;wo areaero~pace

and heavy,elec~ron1cs.)

pther studies have confirmed .that ,the comp,et.1.t:lve',strength of u, S.

manufacturing 1ndu~tr1es in world markets 1s clos~lycorrel~~ed,withthe

•••
perfo'rlAAn~e iIl,t~chn:l)lClg,icsl.1nn_ovation. J:Ic;~v,er •."w1th, regard to, ,p~rti-

eular produc~B. technological,leads only tempo~a~ily,providecomparative
. : ;:, ",', , ",', *11** \~

advantag~e. for the duration of t~e so~calleqc~it~tion1ag~

In the ,fo,ll.owing s,~ction. theref"re. we will,examine the characteristics

of technology and its eV~~~~ion,. t~assis~~ndete~n,~ngan opt~mum policy

in controlling and/or caplta~~zingupon its,qe~elClpment. a~~~ic~tion an~

dissemination•

•Boretsky. Micha-el,U. S. Depar-tment; of cceeer-ce , as quoted in Fortune,
May 22, 1978i p.',10B. ' ---

••Gaps in Technology. Organization. for Economic Cooperation snd Develop-
u*f!Jent:,._l9?P~" -

See,for example: Vernon,.R. ;'i,,'''International''" Invel>tmetlt; t1n~',I,nt~~~il:?_nal
Trade-"i:nthe Product'Cyc1e".-- In:- Quarterly Journal of Economics,
Vol. 80(1966); Keesing.D. B;. "The Impac!= of Research and Development
on 1Jnite~"Statee.,T~adell -. _I~:" J()urna~ of Political Economyz. ~ei~:'·7~
(1967); -Baldwin, R. E... "Determinants of the C01lllllodity 'Structure of

'U."S~::Tra~,e'~": .I.,n: AiuericanEconom1c Review,,· Vol. '~~1(1971)~

****Posner, M~ 'V.:. ;·'interniU::1.onal'Tr8d~ and"Teclmical, Change") In: :Oxford
Economic Papers, Vol. 13 (1961). '
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countries. In the four high technology industries, aerospa~e. heavy'elec­

tronics (including computers), chemicals and pharma~euticala, the two
: :",.::.:, ,; ,

8rea8~wh~fe we lead are aerospace andl~~ectron1cs. ~here sign1f~cant

amounts of'monles are funneled through government agencies by the Depart-

ment of Defense, NASA. HEW. Department of Energy, etc. In th~ other two

ind~strieB' chemistry ~~d'pharmaceutica18. since they are.m3ture~tcchno-

logical industries the bulk of their money comes from Internat' corporate

funds or the stock.~rket,.Thi8provides SODle indication, that when the

government 'funnels R&D money to private firms (as in elec.tr6:nlcs and .aero­

space), the industry prospers end we 'have a technolog-ica_l- Leed., .

10
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NO~~~DPri.ze~~w~~4~1' by COU~~~~. ~~91~t9I7

190b1930 ;1~31::1960:i.,

Ge~n)",:,:,

England
France
Sweden
United States;
Holland
Denmark
Austria

27
15
,:p

6
6
6
4
3

United: States
England

,Ge.rm,any
Switzerland
!t-u 8,l: }:'; a
Sweden
Italy
USSR

,United., States
- England
G,erms.n~',

Fr,imee
Swed~n

USSR
,_4u~;ria" "

Belgium
Denmark
Argentina

, ~¥s,tral.i,a
Canada

....Italy
. Norway

53
20
··6,
5'
4
3

2
2
1
1
1

•seteceed Invention_ anrl: .PateIlt;J~:atet;'l, by, Coup-~ry

United States
Great- Britain'
Germany
!'ranee
Italy
Swi.tzerland
Sweden

A"-
Total Inventions
on Selected List
1600-Present

203
58
32
29
14

4

. B:"·
Average Annual
Patenting Rate ­
1930-1939

38,300
9.050

14,600
9 ..550"
3.900
3-~130

1,030,

c'k'k,·

Annual
h.'tenting
Rate - 1975

..',
56,509
-12,322
37.733 0
-13,386

4~3'69"

9.10011 11

-Bode, H., Basic Research and National Goals, (Washington, D.C.: National
Academy of Sciences, March 1965) •

••Private"Gommunication-~" U'. S. Depar-tment of, 'Commerce. Patent' and Trade'mark
Office; Mayi978.

'west Germany only (FRG).

lithia is made up of 7,233 .foreign filings, end only 1867 by Swedish
nationals.

6
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relationships. '. between ·r_e_~_t!l.:rch. : t:e_c:hl1~~9gy, .and _.~,conotll.11:-_ g;rowth I ,.end ,aseist

1u the definition 'of 'the appropriate rol~~cifGovernment,in improving the

international-technological and economic 'standing of the'UnitedStates.

4
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S. R&D investments can be increased by direct govein­
ment:.:fl,1nding ..of _long..rsngElmfss_1on-o~iented
research. and by tax policies directed toward the
enc~u~ag~~nt of private-s~ctors-upport._ The,manr
other obstacles to the maintenance"'of U. S. leader­
.ship,ar~addre8~edat length in thebody,of,this
document. ' '.-

6. Foreign investment in U. S. fltm~~:while increasing'
rIlP~~Y,.,:_i8,_at-. pre",ent,?n~y _~ min!?r _factor in the
eroaion of 'our tech~ological 'lead. The'resulting
transfer,of t~ch~ology ne~d not, be harmful,if we
oui'se1ve's 'act, Promptly and<positive~y to.:,c llPtl,1r(
~4protect ~otential_markets. 'However the,extent
~f ._fll,1ch_investm.entne~ds t Cl . be ~onitoret;i_and'l if
neee~~~ryf ~9~~rolledhY a~~n~r~~ authority.

7. Agaiti'~U: S.,,~xpor'ts ofi::echt:l0i"ogy and high technology
products are Dot necessarily detrimentsl tO'our inter­
national stature. A tw~~ay flow, and 8 coherent
nat~o~a~ pol~cy" are essent~si ~o,our well~being~
On th~,~ther hand,it should be noted t~at our society
is beco'llling servlce/info:rma,t'ionoriented. The sale
of '1u)owledRe' lI\usth,e plsced em, a" buefuesa
basi,e,. '

8. Lice~sl~g and joint ventures abroad can,bebeneficlal
to theU. S. if we can maintain the two-way flOw of
~e~hnologi~a,l innovati~n. P~t~~ti~l exports are~being

lost due, to , the, export, of,technology, bu~ thi~ ~~~d

not be the ca~ewlth careful,p1anning ~tthe,national
lev~l. . _. -,

9.Ourrecommen~~__t~onfi for -iinpro,vl;ngeXilo,rt. ~edormance
in, blgh, t.,ec,hnolo~y, good's and serVice,s ar:e:. given, at the
end, of tlt~s:di;icument'"H is our, content:,i9n, :Fp8t"thia
ne,eds to be c,onsider.ed. 8S an .intrinsic,c:omponl:\.nt of a
tot8:1techno.1ogy policy wh~ch ,recO;$1lizes

c
,the Deled for

ba~anceand tl;~got1a,~,ion;atan~ntl!rnllt:lonal~eve,l.

2
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:~~e,'GAb~;eff()rt' to 1ntroqllce 'an:''iDlProv¢ 'cla,ssifl,~ati6n;stthcture'for:;:,ilieFed~
eral~Dbudge:t;:,,' ":!",' "'" ,,", ,: ",,',,":" ,,~', ",':':':',',:'" , ,:'

As' part of a planned GA() ,studY'~ri'the impact~ of ,va'riousFed,eral' policies, ,Oli"
industriiif 'c'aPlbil 'fo,rrnatiol1" we 'w~n revtew'the''interrelationS,aI:!l'ongFederal
R&D'activi'ty', private R&D actinty, -andi~~u;strialcapiialformation,This,stu{i:(
wig c.onsi4er,th~,dir,~ctip1pa~t,of Feder'ElI,tax" patent; and; regulatory'policies'
on.:privat~,~R,&De.xpenditu'r~~-In' additi?,n, the iIllpact ':0£ varfous Fe{ieral' poll­
ctesonth¢ busiIles~erivir~nmeiitand the effect of this ~ilyiroillnenton industriill
R&D expenditures' wUf,", be, tnvesttgated.' ::M0l"~ ,speCifi~allY::' we 'wi11'analy~e; th~,
effects o!, Feder~l, ;regula'to;rY''a~d ;e~'onomic,; ~tabi1izatton' ,policies/on'~o'w~tisfness-'
men'::Perceive'1:he, riskiJ}'es,f':"of their, enviroI1,D1¢nt 'and ~()"W,changesJil"-these per­
ceptionanffeet th~)evelj(~d 'allocation' of .thelr R&D"~xpenditures,;', -

W~, also,' Plan'~to: analyze' the'~mpact"6fthe' leve~ 'and, composltlon of' ;Federal
R&P, expenditures 'on' industrial.R&De~eIl:ditures" a,nd industria] capital forma­
ti(m~'- In'thi~"effort;.:we\vill attempt-to 'develop' more ,effed:ive:'inetbods· for al~ol(
cating:',lfed~ralR&])__:~xp~nditu;res. 'J
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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 technology and for advancing the 'state-of-the-art
through coordinated research and development programs.

In addition to improving traditional manufacturing methods; computers and
numerically "controlled machines are changing both the management and-the
engineering 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
war.. ,.· .' . . ., . ...'

SU,Sh dnstltutions exploit, develop.. and diffuse the new computer-integrated
manufacturing systems and are well-designed -to continue development of their
nations' manufacturing productive capabilities' faster than that of the"United
States. ,,~heir success is evidenced by their increasing share of the international
markets-in some cases at th,ec expense ,qt our own manufacturers. '. '.,' .

But our principal concern is fOJ,'",tb,e. future. Short-term benefits 'are possible
through improved diffusion of the available technology. For long-term sustained
productivity. increases, R&P is necessarz tc find new methods and'to, refine 'exist­
ing technology .somet 'it can be economically used outside the few highly capi-
talized, high-technology; firms. '. ..,. .'

In the most successful foreign countries, both programs ... and .tnstttutronat
models have involved joint pub1i~ and private efforts. The, United States has no
comparable national.program, although several Federal agencies .are interested.
in, this subject. A .new organization has been crE;ated which could provide the'
central focus and leadership. This agency is' the National Center. for Productivity',
and Quality of Working Life, established by the 'Congress in. November 1975. ':. .

We have recommended that the Center take.fheIead In developlng a national
policy and appropr-iate means for achieving balanced productivity growth in the
industrial manufacturing base. Further, we propose that .theCenter, in carrying
out this recommendation, seek the cooperation and assistance of the Department
of Commerce and other agencies. The expertise within the Department.nf Com­
merce, particularly in the National Bureau of Standards and the National
'I'echntcal Tnformatlon Service, would allow that Department to .play u major
role in providing technological leadership and support.

Tbe,combination of expertdse of.the Center and of the Department ofComrrierce
and their, close coordination with other public and private organizations 'can
provide the much-needed focalpoint to coordinate all the disparate' Government
andrprtvate work in developing, standardizing, and'diffusing manufacturing
technology, and assist the emerging State and regional prodnctlvtty orgentsa­
tdons to advance manufacturing technology.

A number of specific functions should be embraced by this central focus and
leadership. Three of the major ones are:

,- Collect and 'evaluate manufacturiug:techuology~informationfromall available
sources and establish means for disseminating: state-of the art knowledge to
potential users.

Foster the .development and acquisition of new technology in various ways.
Analyze public policy optionsftnd,·formulaterecommendations that will Im­

prove Government-Industry cooperation in stimulating productivity improvement.

WHAT CAN WE DO?

What can we do to improve the climate for; Government-industry cocperutdon ?
Lhave no panacea to alleviate the attitudinal constraints 'that contlnue to retard
the development ofu more constructive partnership between Government and
industry. It .behooves all of .us-individually and~ollE'ctively-to.'lll,ake .~x­

traordinary efforts to achieve better communication and mutual, understanding of
our .respective-needs and interrelated goals in the, context of .our total respon-
sibilities and obligations.,'. .,,-: ~"

"':l,,,qontin1.lf"d '. !3tud,i~.s;, .a~(l. ,pUPI~Gf:ltJqn, .or. .re~!1.ltiI]g .. r:epp~tfl, s~{!r~tvH*,Jll;€ ..U~~~es
and alternatfves ehould help ,improve understanding. An,.ex,ce:llent'exampleJs
'the .TulY.,9.. 1975,. report.bYiRobert Gilpin:, "Techno~ogY'(EcOnomic.(}'rowth, "and
International. Conipetttlveness," report prepared for: u~e by. the 'subcommtttee on
Economic Growth oftheJoint Economic ComI1littee.~ .Another good example.is t~e
,1973 report, "Barr-iers t(). Innovation in Indu~t,ry:. Opportunltles for Public Policy
Changes," based on study sponsored by the' NattonajBctence Foundation and
performed ns a joint effort by Industrial Research Instf tnte and Arthur D. Little.
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be served when private industrial contractors, with a few provisos, are granted
exclusive licenses for commercial development.

When developing and marketing commercial products, industry naturally pre­
fers to .exercise its own discretion "independent of any Government assistance or
in:fl.uenceunless it needs-help to dealwith serious threats trcm.forelgn competl­
tlon or another domestic enterprise which it believes is exercising unfaircompe­
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 Dlay not ,be inclined to share strategic
information with the Governmentand to plan and conduct their business in such
a manner as to assure harmony with theInternational objectives Of the United
States.
,As_a final attitudinal concern, there are manyinboth,Government and Industry

who are unwilling.to assu~e responslbdltty for what others would judge to be
reasonable and necessary risks fqr investment in exploratory: research and devel­
opment when the payoff is uncertain in termsof time or economic return.
, M~ny facto,rf;,have been .Identifled as real or tangible constraints that tend to
cause a decline in technology Innovation. Am()ng these are the uncertainty of the
economy, the high cost of cap-ital, and the slowdown during the last few years in
Federal, spending for research and development.

The mYri~d of regulations established by bothPederalund State governments
:.tffect the cost lof. doing business and may involve conflicting requirements im­
posed by dlfferent agencies. ,For example, In Federal procurement of conventlonal
commercial products.cthe' public would be served better in many cases,bY,best~'

buy competition based on superior or innovative performance and life-cycle'costs,
rather than by Ute prevalent procurement practice which tends to favor the-low­
est bidder who offers products .meetlng acceptable quality or mlntmal specifica-
tions." ',' ' , ",' , '

In the larger sense, criticism is levied that the Government has not established
a: consistent national policy and strategy for Gover~:ment-illdust~relations to
balance incentives and constraints and assure a raeorable 'climate for technology
innovation by private enterprise. This contrasts sharplyrwtth other nations,
notaply~apan and West ,Germany, that have pollclea.and speclal-Instltuttdiial
arrangements to 'foster industrial technology -tnnovaeton "and Improved manu-
facturing productivity. ' ',' "

Part of this issue is the question of whether our antitrust laws, established
primarily on a domestic basis, need to be reexamined in an economy which is be­
coming increa~ing"Jy world Interdependent in market relattonshtps andccompe­
tltron. This· question Is' highlighted .by the increasing number and size ,'of multi­
national corporations and the fact that foreign corporations are growing faster
than U.S. corporations.':::.,_'__ ' • :,,,, . i, . ..<., , :.

Most of the-other.. industrialized nations .have developed closer,~ela"tionshi~
between government and the private seotor on capital formation arid-R&D 4irectell:
to the private economy. This,!s,-an area in whtch.we perhaps should e;xplore'ne'f¥
perspectives ror Govemment-prfvate sector interaction within the framework of
.smencan institutions.

Improved productivity and advances in science and technology cannot take
place separately from other aspects of national policy; advances made .In fhe
laboratory and on. the testing grounds require adequate fill,anqialsupport 'ob­
viously. However, these advances can be similar;ly flawed if such support does
not go hand-In-hand with policies, developed which will rnakeit possibleto use
and develop these innovations. The Internal Revenue.Service, Securities and Ex­
Change Commission, Justice Department, and Department of Commerce all must
playa part. Too frequently, these organteatlons go their individual ways for
their' own reasons and possibly for even socially desirable ,p.urposes. This '",does
not mean, however.. that their actions will coincide. with adequate accounttne
as to their impact and consequences for rfsk-taldng and technological innovation.

There is currently no procedure for 'measurtne the effector 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 Polley
will recognize that innovation must come as the result of total Government
policy-not the more frequently narrowly construed concept of science and
technology.
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expected value ofa pe.tent would be greater;ref1ectinggreater"immunity

from legal e tteck end From "patenting around." The courts should not be

called upon to so often mare the-di s t i nctian between week and-s tronq

patents and between vi-abl e and nonviable patents. Thi sswould -reoutre a

more careful comparison ofvpendi nq paten t app l tce ttons wtthext.s t.tnq

patents and, perhaps,a separationofinvention<;;nto categories tor-sec­

arate treatment on the basf scofv thetr- trspor-tence es.rtn Germany.GJ -These

changes would require i1'greaterPatent,Office budget,as h~llas ~ore:ex­

perienced perso~nel.

Another approach might be to ad low suit for .treb le damaqesr.tn.patent in­

fri nqement cases. This', clearly would -increese. the bargaini ng' power':of

patent holders ...andv.f n.so Jar ea-sme.Hee.f trms.thave a comparative edven­

tagein patenting.,,~ould'increasetheir bargainin~position~

A final propose 1 for, patient reform is consi dereb'ly more' radical. 'This

is that the patent .sys tem, and/ora.the proposed direct .eward s'Ystem"dis~i

criminate between-vtras on' the, bes-ts-on 'size. T~e patent-rights,Of
smal Ier" firms, could be defined more broadly aritfihe life, o(:rts,pa'tents'

could be qree ter-.

Larger f trms-undoubtedly will reactwtth .tndtqna'tf on-to propose f s. along .. '

such lines. .Ye t cthey, have a uons tderebl e-eppee-l- even on the ~asis' of

equity. ~lost'ogovernment<ll requ'le ttons-ere di spronor-ttcnatelv .expens tve

for sma 11er fi rmsv Exceptfortposs tb Hft'i es-rof 'not'getting' 'cClugh:t,:thel',e,,:'

are clear economies of-seal e in. 'deal 1.ng' wit.h "government .requ'l et.tons and,

bureaucracy. The ,type of .chenqe proposed would .he'lp .ba fence-the effe.ct:.

of other regulations. ,:.1·1oreover; ttrl.s cccvntry .has.a lways put,"!. premi urn .cn..
smallness. /large concentration of-power in anyareastare-qut.te-r-tqhtIy

mistrusted. Polf cies-ca.l cule ted to recognize .. this set of.val ues.xoueand

a certain force of their OIm.

,r·,·,
Firms on their own can effect reform. Firms ~hemselvesca~~, an(do.
make purely i nterna 1, arrangements. that' prom~te" i1~'~ffictentu 11~'~~tion ofi''' ','" "'" "','; ',.'., ,,,,,, ,;:,",""',' "" ,-"C'. '.-" ,',

R,and D by si ze, Resear-ch urrits can.i).ttemflrtodl1plic?t~,,~h?se~,?ndi-

tf ons as socl etedwt th the ]?~l<lllcr fir~1.. that,are~l,oH:pr()du~tive. In fact,

larger fi r!J1~. ~!~;ne.times f~nd r~5>carc.!1,. ~f~o~ts-~r~ ha~ve a :F!ri nori~'y ~·~ock­
holder positi9~ in r~l<ltiv.~.1Y::SI!l?P ~firms hea9.~dhr:<1 highly Ct'eatlv~ i n­
ventor , Such an arrangement may create a bett'er\ol,ork etmospber-e , but.it

,': :i" .: ''', ',"',:' :"""'f'\' ", '.""', '.: <'~~ :.' "
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Presumably.,:~a"l;·Ti.ers~;_shou:ld be 1.Dw-'enOl\911., to presentrtbneat of cceoet.t­

ti on. but hi,9,h ,e,no,ugh so .tbat tnmedt ate e.n:trY,,~lOutq'tn9t,.C1imi,nate- tbe.

rewards of J~vent;i.on,-too ',quickly... ~uchmo.l'!opqly"'Po.w~:'i~,,,,,!oul-d .p.resumably
deteriorate, .cver- .t-tme -,j n accord with $ch,Umpeter',s. nq.tion-of creats ve de-.

structi_on.

Schumpetert s .thes ts T~ga.rdi,lJg n~ :s'i,~e_{as Ais tingvish.edfrof!i mcnopoly}

was taken up bY.,.,Ga lbr~,i th:

"There is no more plea sant fi ct'tcuvtheu tha't "techni col 1 :change is-the

product of the matchless ingenuity of a small man forced by compettt ton

to employ his:<wits"to better his~ rYeighbor; Unheppt'Iy, it .i s 'a: f tc tioti,".

Techn'i cal devejopment 'has 'long since becoea-the prei'erve. oftthe -scten- ­

tist and engineer: Nost of-the cheap 'and simple'ha've;;to put it- bluntly.

and unpersuas tvelyv been.aade-v-'. Beceuseodevejopment is costly, Lt

f?11,~WS thatJ t,can""be,car,ri ed-on o,·;;;Tb7;:7i~-'t'h'a t~h'~s:th~"~;;;~'urces
~hi~r·a re ia:ss6~iated ~;;th'~6~nsidereb'l e -'~'i ze, "6 O· . • '-' CP."_.~., ... '.,..~~~.__

Galbraith' ss te tement-about the': demiSe of-cbeapvend SImpl e ' i nventtons "tS'

remtnj scent 'cf" the Ie te. ni neteenth century' petent xomatss toner i'lho're-'~

si gned on the grounds, that a11- the .tmpor-tent i nvent-i cnsohad.ibeen made>

[very yea rithousends-bf s-impl e'and important 'invent.tons ere-made-by small

firms or by- individualS: Penicillin, thePo'Ie rof d camera and electro':'

static dupl t ce t tnq were'perhaps notvs'tmpj e-s nventtons , or dtscover-ies ,

but even these wer-e the product of the single inventor orc smal l firm.

What Galbraith:,)s ,dl?ingis conf~sif)g the inventive function l'lith .the

deve'lopmentTunct ton. Galbrai-th~s confusion \'Iould result in a taili,ire to

seek means .to:comLJinemore, eff~ctively :theinventiye effiCi,en.C'I ,r~ ~hlt

smaller firr.l$ \'Iitht~e development, effici,ency of thelilroer.fh~ls. To

this sUbjl~t. ve-ncw turn

The direction in whlch solutions lie can be seen by cons i deri nq a per­

fectly efficient patent system, the absence of uncertainty. a perfect

capt ta l market. and suffictently .Iow trensecttcna cos ts . In .thtsisi tua­
t'ion, one.wcul d t tnd an opt tmal. eHoce t.ion of.R and 0 .tesks emonq.Jf nns .

Act1vities lfadj.ng to:originul, invcn tion wouldEcnd to b,e.concentr<lte,p

in smaller f jrms , and-devetopmente I ac ti.vi t t.cs wouldbe concentrated a,"

monq medtum-s t ae or- larger finns. Smaller firmscouldsell,orcontract

original in~enticns to larger fir~s in an.efficie~t market s?ttingan~

the allocation. of .resources-devcted to the ''4ariou~nspects .of -R .end.D
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small firms. whtcbf s Cl}50 a view held by Pavitt and l~llld. In an exam­

ination of empirical evtdence. from the'1960's, they.conctudedtbat-------_...","'-,"'-·r..a~~_:,~. ,~.~~~,_:_T~.11:t f-~.:::n.1-P_~~X. _com~l ~~~;12.~~,r'y._.!'~!?:v~;!!!".j}ln~.'!_~!:.i.9Q..,. Sma 11 er
fi rms concentra ted, on smaller-sea) e. specter i zed, and, sopht 5t.tceted equip-:

ment and made major innovations, after larger finns had letthe 'opportuni­

ty slip away,51 Pevt ttendNa l d.a l so ·found that "oppor-tunr ttes- for

. small firms tend t.ope greatest ill the ear-Il es t stages of the product

~ycle. w~en economies' of scale are relativ~ly unim~orta~ti market shares
volatile. and rates: of entry and fa;ilurehigh. "52

This view of thecomp.1e~lentary.tasksof the large and small firm is also

suggested by._ tna detatjed examtne ttcn of the deve lopmento,fimportant-

i nventi ons by, Jewkes",§a:wyers. Sti 11~rman.and .by .tbe-J nves.tj gatt on" of

~Iuelier and by other s tudres. The~,e:ir.vesJigi1-tions.show(jmplidtly; as

the point 1s sceettnes everlocked by the authors )·tha t the, i nt tial pat-:

entable idea. which, j s of course an, essentf a1,,' step., is one much tess-ex­
pensive than. the steps transfor.mingt~eor.iginalidea into a: form that

is commercially.: useful , end marketab'le.. The expenses iovel ved-dn-thec:

stages of development,after.the'.9r,iginal invention al-e, more.of.ten than

not. prohibitive fpt. tha.smel Ier 'firm.S}

'The patentable concept of electrostatic machine copying was developed

by. one man. Carl son: Since this was anew process-eubs tanttal lv di.ffer.,..

ent from ex'is ttnq proces ses , ej-ef ettvely.smat.l 'company (Hel oid l-covtd

develop the process success ful Iy and become: the {eading:produc.er (Xerox)

in the new fi.eld,sli This:jstobe::contrasted,\~ith,say, an innovation',

that improves the performanc~ of,existing copiers. Oiscov~ry of such, an

improvement by a laboratory becomes somewhat more probable, but it is

much more Itkefy that the.development, o,f::~~o.r~,n?CeSSilrY'itP convert .tbe

invention into, a useful . final productwi.B ba.par.formedby a.Jarger"f·irm.

Even' theexpe!1,se.of' certail1"typeso1' i nftlal i nvention~'~'.re';beyond,tl,le

means of small er-, firms. Hhat·i s ;uncer te i n is the extentoto- which caRitaJ
. , -"~--"."":'''-'~-;''-'''~-'''''-''''''''''''''''-'''--''''~''~~:''''~: '.~'"-.... ,,,

~!.~!~~]. ~1.~~.~~~_~,r,~: t:!.~!:·~?_?L;!.~y.~~ti OI~~~~,.~>~..l~~~:.~S~~_!~~,~!.~!..~~:_
opment di~cou,rage'i nventi veneS'~i:~'Y, smatler- .firms ."-:'::Chances"are,tha,t, th'i S;
i;'wa p~~bl~~;. of: c.~I1:~ider~ble·_-II;agni·t:ud:e,:"·--·---'M .,..,." ._. ..' ..n_.

Just recu!lni'zi,ny, the, PT9b1e·mjs,a.n; importapt: .step since current mythoIoqy:

obscures it. -, Jre, ,p,roppsj,tion tha·tismaller .ff rms. have a coeparat ive- ad­

vantage in iinvt?ntion" whHe,rne~.iul)l.:-size, tf rms ar.i::us'uaJly,s.ufHciently
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Thi 5 genera 1 ~a ~te~~_isborne'out by tbeques.ttonna i re"survey cf Eooper'' 7

who interviewed twenty~five peoplewit~ experl~nc~ in; research ,and clevel­
opment.. primar-i ly ,in chemicals and etec trontcs , most-cf"'hop hadmanaqed

development in bot~}arge and sm~ll companies. The esttmates jier tved

from these interviews indicated that large companies T:Iust:sp~nd from

three tot.en ~ime~ as mU~h as ,sman,-;~7"t~"';'d'EtYey(;pa_~partrc~-,-ar'-"'p';:Od-~~t.
'&l<:"",,,,,,,,"~.,~,,,>._,, ._ '0' "" .... " .... ,',.' .. " '. :' .. .. '" ·.__ ..~,,·.•·.,o·>._

The -reasons for this' are 'presentedbetow..-~·_-·'''''''''''''''--" .....,....._._-_-=...."~,,....,'._ ..-
First. ~he__ average compe,tence ?f, ~echni.cal,~eo~le ,i,rl .. smalle~,fit1l1s ."i,~

hi gher,~t.~Ta,n~.r~- 1a~~e,-irr~s~:'~Gr'eil t;r~fre-edor,,- ora~ sn13'lle'r' c'cmp~ny",~'ppar-,
;;tly" i~. 'at t;a~ti~e~' .r;;;';a~rc:hper,~'onn~i ',/1;ay" own s i qni fi cantamounts'

the stock of small :companies so that the,incentiyesforsucce:ssful inven­

tion or innovati 9n m~)',besignifi Ci1ntl~srea,ter,;,an9 sm~,ll , companies are
less li kel y 'both ,to tOl,~~a te unprQdu~ti ve .persorme1. and Fo hi re.unseascn­

ed peop l e. Alth~ugh,Conner, ~oes, not ~0mrJ1e~r:on. 'thi s., appar~~,tly'9l"'~ater,~

productivity of R andD ,personnel in srnalier,pl{l,~ts derivesinpa,rtfrom_"

the'ir hi gher ~a 1ari'es~:-ei'the; 'because they' are' ,,~'or:,,~xperi e~cedor -more

competent. or beceuse.of t~~tr,d;rect ownershtpwhtcb acts ,as"an tncen­

t.tve to produce., Never~~eless. if Connor:estimates, are correct. Jtwo,uld

seem that ~h~ ~addi ti9na:i expen~es,.(l;~~, mo;e ':than offset<bY,,~he, inc;eased

productivity. "Inso fat:' as, the, incr~a~ed 'financial incentive increases

product! vi ty, one, may ,Ho,~der;\~hy ,Jarge comp,~n t es ,do!,,~ot a~opt some,.1.n­
cent.tve sys tern. An exce-tencedpacent -- agent~li th,-a 1ar,g~.~hemi ca1ccmpaDY,

suggests that tht s is true because in a large Rand D organization such

a system would restrict informd;tion.f1ow \·tith~n.~he,company a~.qcreate

difficult rivalries and jeat oustesr'O

Second. tech~,ica1.~P~9PJ e,.a.r.t.m.~sb...n,~?re~.~911..S:.Q.1]~.fjp.~s. Somehow the small
fr;:~ i S~b'~tt~~',}ble"t9:,it~bieve ~n"at~~,~ph~re,in' ~/htl:h .t,ec~0t,cal, pet-scnnej

are left alone, to pvis~e ,~~rk and. bec~use,of the clo~er identification

of the personnel wtth the company. the pers onneLplace.n htqh priority on

the way theirerfor~s contr-ibute to ,the company's success ,

Third. in the .smal l company there is greater case of communication and
~_'"'''''''~"~''' --""""'"""-" '~'~'·'~__ • __.."..w,__~.~.","','~"'·"·'~·,'","·""~"·"'··'·" " . ' , .,,-,', "-""-,',-"",,,,,",.

re"diJc,ed pr~b lelns,of ,coordi,rI,ation. In sua l ler --compa,nlE's. techntca.L pet:­
~;~~~;i'~~;;';~~';~---l'ik'ely"-t'~"~~,~;ensitive to the needs' of the market because

of closer contact wi th peonle ccncerned wt th this are~. To be sure,

these various edvanteqes-mus t be l~ei·ghted'a'Jainst disadvantages of breadth­

of experience and specialization. but tonnort a-s-tudy indicates that the

advantage lies wi th small companies.
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Support for t~e~hesi ~:tha~ ~,il.rge,: rfrms. i nconcen tr-a ted indus tries show

greater evidence of techn-ica~:yhiH'ige isJurnis(H~d by A~Ph;11ips.3". In

g~nera 1. Phi 11i ps found)ha t those indus trtes "wh i eh had: l.arqe-sce le

producing unt ts in, )904ha,~,stgnific,aQtly greater xatesof decrease-in

the number of \:Ic.~e ear~~rs PW-: unit of:'0t!~Pllt:be~w~e1l1899.and 1939tha.rJ

did the other indus~r~,e~"," Phillips' results are too facile .beceuse

they probably rio not measure ~h€, effects,oflargesize and.concentre tton

on invention o~,:,developmen~,: . Greate~,tec,hnological oppor-tuni tjes prob­

ab1y exts t for .caot til 1"'" lJ),tensJve Hrms so ·th'!~:_thei r capt te ll.labor,ratio

naturally w0t/ldtend to gro~more qU1~kl)~>over:t.1me. nW5,',ithe- casual

influence probab Iy runs fr9m.,tedmology to"concentration ra ther- than the

reverse. and is shown by Pb'il Hps I 0'1n ,subseC]4ent_\'loJ.'k3~ -and by..s tuotes

by Scherer 36.,-,PhiP ps37 :and,Com?~or}i: ;;'chere~i,~an<.l Philips .found-the t

differences in~. ~he sc,i,~ntlf~J: kno\',Pl edqe t>~se?cH!un~edfor,a5 mue;h 9f:' the

total variance i1 corporate Rand D as did interfirm differences in cor~­

porate sales; Comanor's results were supportive of Scherer and Philips'

conclusions.

INVEilTIVE1lESS ArID, THE .SHf\ll£R,'FIRM,

An Impor-tant and cogent arqcmentican be made tnat/"fY"om ttiesocte tpotnt

of view, smaller t t rmsishouf d tnves trrore-thanthey du-j nRiand D and

that they sbould-t nves t more than 1arge;' firms in orooo-ttcn to 'their

size. This argurr~nt rests on the rather substantial amount of evidence
__ d"· ;,,,.,.,,.,__.,

Which indicates that smaller !:!nns .~~~:~_:~·~g~·~£ie<~.,eff,i,<:~ency in tnven-
",r:

Some {leVidence of" ttrl s',f~om works _~y r-1cco~~e11, and Peterson and Schmcokler

and Sche~er already has 'been -offered; However, none of these separates

i nvent i on fr-om-deve topmen t or ··invent! onor deve lopmentrfrom j nnovatj on•.

Schere~' s resul ts matnly concem patents ana;; -ther-efor-ejvr-e late to'inven­

t.ton, but these a-re not only unvei qhted-ns measures of the importance 'of

invention, but also 'are oh1y for Per tune ;500 firms.

I
The \'10r~ most re levent Ior-<the pt-esentrarqumentidee Is \·/itll the or-tqtns

of invertion. Jewkes , -Sa~lersand StiHcnnan
3 9:_:in the,iranalys1's of the

. case histories of sixty-one Impor-tant hlentieth-century'inventions"found

that tess' than one-third 'of thes e-cee.e rrom i-esearch labo-ratories. For

a more restrittedperiod.'1946-1955, f~ailibergllO fouild'thiit-On1y'-a-eM

one-four-th of a sanole of major Tnventtonswere conce'ived: i n-Iarqe
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Hcwever-, IkConr)~Jt atl~,lt:,~!=!rso~'s,.rlf!sp':.~~ B~,e.:not dup l tce ted in ~t\ld\es

of larger fir!T''i,_;.: T.¥Rj~aJ"r~~~lts;:tor .1a.r;gerflr~:ls are e,ithel·,:,t~lat y_~er:e

is no relat-l9tlsbJp,9€:,tw.<;E:!'1.,fif51"s:iz€:,<Wd ,~ ancl_R!nt~psjtyor:,that R,al~,d,

D i ntensity.:j/'lf.r~~se?;yp._ t9 a .point. and then 9i,m;i rrishes., Some s tudi es

_show a n2ga,ti:ve"r71at,~0!1_~~lp_betwe,~nfh:-msize aD(~.and p~i~t~nsjJY.

Smtth .and Creprr.e:j' s Fesu1t~,:, a:re",_~omer'?at: typic.~,1,,~,27,_ i One,of:the. .indus -.

tri E'S (scten tt f-ic;;nd" r.:eilSUrin:J> instrmnen,ts) tn. Smith__and ,Crean:e( s .

twelve-! ndus.tcY,Hr.1p}e,-<1 lsp; shoas -a' n,~ga,tive;. r;el a.ti..qns,hiq for. r-esearch

tntens i ty and, tf.rm, .s.tze , .ror. .t\~.o ild,d:i tlone l '?lJdystl;'"ie,s; (other ~h~/l1,i caI.~

and COll1JTIuni ca tlolJ"an"d e l ectront c; ~quipm_ent), the J,iptens iet! 'of the: ,sm~Jl,..

est firms (under ,1 ,009, emp1pY.e.e~), l~as: gr:~at!'.r: than, for;,?,l;lt ,cither~)a~,~

when federal funds were excluded. In the categories!·o.f:-8~~.wr:s~emic~!ls;!,

drugs and other redfci ne , and scientific instruments, the peak intensity

occurred at le.sJs,.::~hant,t]e:l!'lrB'ests tze .ctess., f.inall;Y:".::i,~ seven of .the

twelve industries, the,H~~kiq,tensity_o.fthe,?~all,est ,{iz.e, cress ,was

greater than .thet.of the next, terqest cjess;

Schmookler's res ul ts /Qr'. .1,argerfirms are fairly .consi s tent wtth .the r:~,-."

f at'tonshtps ,S!lO.....n by Smfth.end Creamer.?B For a ,six'-,;ndu,st1'y .sampje ,

Schmookler found acros sifout- industries no .ref a ttcnshtp b,eto'l£:,en f irm

size and Rend D i"ntensity. Hovever-, for,t\~o"of t,~.e six i ndus tr-tes,

Schnook'ler data sho~ that .tbeR .and D tntcns t ty of the snaj Ies t firms,

(49-499 empIoyees i n·()necase .",:509~999 ; n ano.t~.er) was ;9rea tej- tha,n. .tha t

of any other size class. It is wor-th notingJh?tthes~ .tvc tndus t.ri es

(fabri cated mete1 products and ordinance. and e1ectri ca1 enu'i pmen t) are

among those in the r':cConne,11 andfetersons?mple. Int\~oo~.h,ef 1,l]dus­

tries. peak.R endIi.fntens t ty occurred.e t less then-the largest, size of

1'101'e than 5.000 eup.loyees;. for the profes s tone l ilj1d sc ient t f i c Tnstru­

mente indus try•. peak tntens I ty; occur-red.nt. the ..sccondsme lle~t .s.tze c1,15S

(500-999 empl,~yees),:.in, t~e food and kindredpro~uctsindustr.v. .the peek

intensity, occurred at t1wpext to largest si,ze cless (~"OOO·4.9Q~er,mloy-,

ces).29

Even for the chemical .indus try, the Rand 0 intensity forthesml1est

size c l ass (fi rns ~,-ith l~ssthan 500employees} y?sgreater ..~han for ,any

size class.,e,xcept forv.the largest. S'tr i ktnqly , t\10 of the industries

found by Schmookter to exhibit peak research intens t ty at slzes of less

than 1.000 employees {electrical equipment "and professional instruments)
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small firm to:,capita.l,pr,oblen!$~>,e~peciully in vtew of the inherent risks

,of Rand D. As <?n~ 0 '~.$ spreaddfTjon'g ,iJ l'arg_~r:number of prcjec ts , as'-7'
is more likely the larger the f f rm, t:herlsk:~:,of fa,ilure of anv.one pro:-il ~
j~ct are r-educed. Related to the question of small firm survival: is _,th.e

9r~~t~r life expectancy of larger firms which allows them to assume R

and O-investments Hhose,payorf period is :,longer . .1M ,~9r~ater di ver-sf ty

of large f i rms,,Jni nCfE';d,S,i 1)9 the 1ike l}hopd of being, ,apIe .tc use .an .tn­

ventton, and the"gre~,ter ~~,rket t.::oncen~r.ationoClar:ge,firm$ are also

el ements , though. _~_ui te,minor,ones"",i n eX~~Mnj og the ~reater nropenstty
for Rand D progr~ms among larger firms.

Rand D expenditures b/\~,~l'l ,c,ompan,ies are di,stri~_uted),1J1ongapproxi-;
mately the s ame cindustr-i es ,as, for, la~~e cO~Pia~fes. Sl\l;i,th .and ,C.r.:eall)er1}.

show for 1965 that four at, 'the top, f;.i ~e i~PHstrie~i,nap~or.b.i~.~} ,an¢ P

spending by smaII fi rms were a.l..so }11!!0n~,the:,JoP:" fi v'"' for }arge 'fl rms .

It wou1d ecpeer tha t the.,m(lxecapita l-JT)tT'nstve ,i ndus.tr5es.}a ve. the

highe.r percentag~s of firms"en'gaging' in 'R ~~d D.20 This pr~ba'blY ~~­
fleets the. greater potential for Rand Din these industries and the

fact that capital-i~,t~nsive industries tend to ,ha..velar~er .fdrms. It
would be tnteres ti,~,'~'~o".se~ !~'hat.th~."r,egressio'n'.o·fboth .Pr:m s'i zea'n,d

capital intensityag,~jnst the percentaqe o.f)irll1~"engag~~,tn ~ ..and, D

would show.

(1'iYen the skewed di 5 tr i butior.1.of.R ,and,Dspending among sillall fi rms~by;

industry and ~Y, size, it isn'ot,su,rp,::isingthat .Smtth and Crefl~,er, find

the dt s tri button of Rand D spendt ng am,onR smallfi nnsal so hi gh1)'

skewed. 21 Thi r-teen r~rFent of ma.ryuf,a.cturing ,J'i rms .\~,ith 1ess th,a~ 1.qpO ,
emp l cyees spent9-bo.ut 55. percent o,f :~oti>1, R and 0 .spendi nq ,by manurec- r

turing in this s tze CliJSS~ uhat is' p'e,r,haps:"ITlorein,teresti~g)$, .-that

this 13 percen~ also ,showed, a, ~9re .contin~o~s record of~.an~ D ??endinQ~

Research Acttvf ty, Intensity Siz~

Firm size strongly influences the probability of a,·,firmhavi';g a forma]

Rand II pr-oqrem, but does firm size influence the ei ze of the Rand D

program? One would 'expect .e .oositive',relCiti onstrin.es lOlig.as,there were

not strongly -oecreas.tnqreturns -to sca'ler.in: R<and ;0. One '(I Iso would ex­

pect a rest t tvc retnt-ionshfp simplyr}nth~':b'J'.>is'offederiil'flmrJ.fng of

Rand D. n.eoercentece of'R 'and 0 funding UOfll/ederal'sourc:esiS--'enor...;;;:·

mous, t~ough recently l'.t 'Hes-been .dec'l i nlo9. In ;1959, «feder-al rfundi ng
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advances-nay come from depar-tments -other th'an those forR and 0; Chapges

tnitex Jtreatment-of R-arid D'cen result in' new; arbitrary'classifications

of-personnel'or acttvtetes into the"'catego}y'of'res.earch;.J.O If these
problems exts t-; n. attempts to' s tudy Rand 0 for- lar-tler ffnns ,how much

more difficult isit:t'o anelyzeRrendD by sne l Ier f irms 'in whtcb'-the

-. uata-erej ess-se etstectcry or do no'( exist?

Aside from bas tc-prob lems of datii"avafla:MHty,-' cur-rent res earctrsutfers

from two tntecre'l ated and important' s'ho-rtcOIilings::-:The HrsY'h: that data

are not examined on-a' suffi ciently disa'ggrega-ted' bas fs. Thesecoiid de­

fi ct ency istha t-too few' factors have been-t ntrotlucedthil.t :i;ii ght 'he1p

explain the structure of Rand D. Kamien and Schwartz l l observe "m~ch

orthee'vi dence on the'~e'ffect,·of, size lias riof'i:ohtroll e"dfor'other fac­

-tor-s that may behe'lpful in explaini'ng inncve ttcnal-eff'ot-t." The-',saine

ma,Y'be said~'Ofevidence: concerning inncivat'fbnal 'outtom~/ Few"stutfies

really 'have attenote.i to exp latn' the's trueture"of R andn, \mdci'ubtedlY~'
because to do this r~~qtiiresthaf the data and it'lforma"tion:be generated

. by narr-owlYfo'c't.ls'e'dstudies 'working" to build up ildata ba'se\ufffdeptly"

rich to understand Rand D's'tructure .

. In this regard; problems of Rand 0 are reminiscent 'of prob l ems of devel­

oping a general theory of oligopoly. The necessary basic research is

tedious 'and"perhaps'les'srewarding in .the short:'r(jn. Perhaps econonris ts

are' 'less' Willing: 'than researchers 'i n th~c'ria tur-af 'sci encestto "undertake

'the'-te'dious and' n'arrciwl'y,ifocused res earcf up'on:i"lhictl'the'advancerrent of

sci enceul t tmate'ly r-ests.

RANDO CfIARACTERIST'ICS OF'St-1ALl 'FIRf1S'

The most irnportarit'~fudies of Rand D"in small fi)lTIs arc those ~f.

Mc~,onn~n "an~ P:E:!~erso~.12,"r1cCo,n~~ll",a~d,~():~?,~l-3Han,lbe,rg,'"l, Ij ,S~i th ,,~nd
Cr:e~"~~r15 ;nd 'Dea~b;;n,' Knez~~k··a'lld'.~n~hony.1'£; "From'\h~~e '~nd"'other in-

., "c,:,:,.-.; ""0, j,

vestiqa ticns , a numb.er: of limited a~d tsntative. ~~?ugh"~mP9rt<;nt,~ con-

clusions c/l\c·rge.
"~ii'

~"The',Jnci~e,nce,.of R a~~,D,Pr?~rijlllS :";j" ,

t/ "'('~"rOl,labl,y.·a,bciut(:?O't9...40:p~rcent:of\sn,I,~n,i'irm~ .e,ngage,An H end 0 in a

. ,:: I .relat.tvety forma 1 N~Y.. Among the ~lor,e,,~reJi able' es~imates are -ttiose from

the detai l edj.and ~i~aggregate.d''l!,JestioPl1uir~ .re sot.ts of,lkConneJ,Land
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between the tovesteenr-to-ctu' -at!c and' .reaf-growth rates for seven OECO

countr-ies as measured by the Kendall ccetttctent of concordance is .92,

wi th a-cht-square cf Tlrz: '-This is just signHfci:irit at the lO'pefcerif""
level, sh tch is impressive for such c small sempl e.f Similarly for the

1967-1.971 period, the United States ranked last in its growth of Rand D,

expenditures. fo l lowed by the Un!ted Kinqdoa, France, I-Ies t Germany and

Japan. This matches the respective .growth 'rates ot.VH!Se countries.

ceot for the reversal of the.Unt ted States and the UnitedKtnqdoer.

~~-~'t'

For, the United States> the fall in the ~nvestment-to-GrlP ratio has 0(-

cut-red in large part because of the failure of the traditional sources w.:
of i nves tment funds, rete! ned ea-nt ngs:{,debt a~d:;~qUity.~Reta ined earn-

ings in constant-dollars haV~;decllne~'~nor~ousli:during~Q~tof th~

1960's an~ the 1970's. The~I~;owd-j~g,;:out effect~~~\haslimit~d severf,l:~

bond d€b't':,is a mearls:,of fina?cing, and",until' Tece:ntly ..,the;stock~a~'ket
has :no~ been a very,?ttra~ti;e ~lac~ to:go for finanCi~g.~inancf~~ ,

probl einso'f', smen businesses-heve beenespecfa llY.'di ffib.ll't.

One~set o~me'asurestha t Und~lJbtedlY ar,e: ca l l ed for are polid es tha t

encO'ur?-ge?'y-eater capf te l -fo~,~tiJn: 1'I1:th such,.policies,:R:and D}O~,:

both SI)Hl;l 'and l~arge'firl11s undoubtedly would expand. f!ow~\ler. the,:r-e'­

sponse,of,::s~an /irmsp'rob<i,bly wculd 'ge" grea ter'6'ecause 'of-,thei r 'grea ter

sensitivity to credit conditions. The phenomena is similar to the unem­

ployment rate of minorities which increases proportionately more than

for other groups during periods of contraction and ~ihich decreases more

,than'proportionately during periods of expansion.

Economic growth is a matter of the efficiency as wel l as the meqnttuce of

tnves tment. In this regard, the distribution of Rand D expenditures be­

tween large and sme l l firms becomes especially rul event.. After

considering the relationship of Rand Dto sw-aller firms in the next sec­

tion. the third section of this paper argues that efficiency requires a

greater portion of Rand 0 spe~ding by smaller firms. The final section

suggests conditions under which the tmproveeents in efficiency might be

brought about.

DATA LIMITATIONS FOR mE ANALYSIS OF SWILL FIRt1 R hND D

Small firms tire those ui th less than 500 employees and probably account

for less than 3 per-cent of to tnt Rand 0 ezoencs tures .? Yet in terms of
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APPENDIX XI'

ARTICLE, "RESEARCH AND DEVELOPMENT BY SMALLEB FIRMS," BY RrcE:ABD O.
ZERBE, JR., NORTHWESTERN UNIVERSITY AND UNIVERSITY OF WASHINGTON,
JOURNAL OF CONTEMPORARY BUSINESS, 1976, PA_GES 91-113

", nor are
.cer , "Re-.
dlig,lfl State

·'.1'd to de-
, a-Firm:
'-"';:S8 .P.e.vi~

'~i1er .

Journ.aZ of Contemporary .nus£l1e;;~

RESEARCH AND DEVELOPM~NT BY SMALLER FIRMS

lrichard O. Zerbe, .l.r.*
Northwestern University and University of Washington

TilE HlPORTANCE' O~RESEARCH ,AND DEVELOPMENT

Techni cal chanqe aris i ns VOI~ research and devel?p'~~ent (R-an~_D)::e.i:pen-

'a.di~ures:is ex:eeding!y i·mport~.nt. Solow,! in his pioneering _~'Io~k, found

t~atb_etween 1~09_:~nd 1949,about 81 percent of economic gro:fth was at­
tr-tbuteble to technlce'l change and cllanges in production practice:

Dennison,2 in ~;~more disaggregated, study, .round that,36 percent or til!'!:,

rise in output.per worker was attributable t<,?advan:ces..i ~::t~cll.nrca1

know~edge. and,42 percent. was artrtbutabte.tc improved~'Orkereducati,on.

Only; 9 percent;.,of the ri~e was due to Increases In,ethe,,capital stock.

Re~~a'rchanddevelopment"is also Of,major importance in determinj,n~,.c,om~

pere tjve advantage, tlle'.llalance of payments and the magnitlJd.:! of.U.S-~-'

expo,rts. 3 Donald Kessin,~4 found ,that there was a powerful cor~'~latiorl

between the intensity Of,.'f: and 0 activity in American ,:~,dtJstrie~,~~~

their. export performanc'j!,~' Pavitt and Hald5 found a high 'correlatio~"be~,

twee~' natrona I: ·industri af'R and D expend t nn-es- and national "tecnnol ogi ~a1

__ p',exiQrma';l:e._a~~;~~s a .samp1eof ten indus tr,i a'l f zed countrt es , .te.a.seeote

of fourteen industries.Grube~~Neht<l .and Verl10nG f~~ndthat u.~.:exPQrt

strength was conce~t,rated in ~~,e,.five industr.i~~,' Wi:thth~9reatest R:a~d

o effort. i.e., tra'nsportatio'~,~~le~tricalmachinery, i'nstr:Jments, cbem­

i ca'ls and' nonelectri cal milchiherj .: ··The'rer,iain'in9' rridiistr'ies' cxhiS'{tec!'a

net impcr-t-ba'lence fcr.-l %2. the .year-t nvesti gilted. 7 .. From these 'and

other stUdies there is little dctl,l'~.t.t"~at Rand 0 and technical change­

playa maj6r role both in economic ~;owth and .indetl'nniriir,g relative

economic Pfsition.

A crude comparison suggests "that the IeTl in the U.S. crowtb rate of re­

cent years and the ccncoid tent absolute and rel a t'ive-decltne in the r"tio

of R eno.u to GUP are not unrelated phenomena, The decline in Rand 0

has been part or this decline in the United States in the tnves eeenr-to­

G!'lP re rto , See Figure f. For the 1960-1973 period, the I"M'l'. ccrrela tl cn

"1
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Table 5-10. Di.l,ib"riJn 01 employed doctoral sCientists
and enginee,s by employment seclor, 1975

80.

24' ('}
',233 3
4,217 10
3,779 9

227 1
211 (')

Doctoral
engineers'

N.;mber Percent'

43.356 100
22,535 52
15.306 35

15.129 35
171 (')

147,633 56 132•.504
3.674 , 3.497

1,942 , 1,942
7,586 a 7,562
8.510 a 7,277

25.755 to 22.538
21,634 a 17,855

3,110 t 2M3
2,011 t 1.800

as 1'1 ae

'" '"

All doctoral
scientists uoctorer

_~~eng!~~_ ""t;'~"~tiS~'~"-o;;"=:::;;:;~~~~;;;;=Employment sector Numbe, Percent' Numb~r Percent'
~1----------·--·-262,41"1"--~9.055 100

Business and industry. 65,876 25 43.341 20
Educational institulions 153.249 58 137,943 63

Four-yea, col[eges
and "niver.We' . ,61

'two-year colleges 2
Elementary and

secondary schools . 1
Hospilals and cliniCS . 3
Nonprofit organizations 3
Government 10

Federal' 8
State 1
Other 1

Other employment seclor (') .
Employmenl sector unreported

, Includes 94 SCientists or engineers whose Held is unknown.
, Excluding !I'U~II wnose employel' was unreported
'Includes the military and lhe Commissioned Corps of the Public Health Service..
• Less than 0.5 percent. .;.- . ,

NOTE; Delail may not add to:lolals be<;a.use01 rounding
, ".;"" ..- ..",

SOURCE: National SCience Foundation, Chametsfisties of Doctoral Scientisls and Engineers in the Uniled.States, 1975
(NSF 77-309), pp. 38-41

See Figure 5-171n text.

Table S-11, Doclo.ral sclenlfsls and en9ineers
by age and Iype 01 employer, 1975

Business Four-year colleges Federal
and industry and universities Governmenl'

A" Number Percent Number Percent" Number' Percent

Total 65,676 '" ,147,633 100 21,534 '00
Under 30 2.129 a 5,772 • no •
30-34 , 15,117 aa 30,862 " 4,121 ts
35-39 . 14.113 " 30.903 " "4,734 aa
40-44 . 10,274 te 23,687 is 3,646 "45-49 . 6,090 ta 19,633 ta 3.081 "50·54 . 7,476 " 16,146 t t 2,398 t t
55-59 . 4,610 r 10.774 r 1,533 r
60-64 . 2,734 , 6,461 ,

'"
,

55 Or over 1.224 a 3,094 a '" a
No report . toe 1'1 '" 1'1 ta 1'1

lncruoos Ihe mHilary and the Ocmmrseicued Corps
'Less Ihan O,Spercerl1.

NOTE: Detail may nOI add 10 totals because 01 roundirlg

SOURCE: National Scierlce Foundalion, ChMaC(crislics 01 Docloral Sciantisls and Engineers in the Uniled states. 197!
(NSF 77-309), pp_ 38-41.

See Figure 5-19 in lexl
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APPENDIX D

Selected Tables from Science Indicators, 1976, NSB 77-1, The National Science Board



DATE OF
AWARD FIRM NAME

10176 Computer Horizons Inc.
Cherry Hill. N.J.

11/76 Computer Horizons Inc.
Cherry Hill, N.J.

OFFICE OF,PLANNING AND RESOURCES MANAGEMENT

AWARD
PROJECT T)TLE ~UMBER

An Evaluation of University Research 7681724
Productivity

Review and Analysis of- Importance 7682854
and Utilization Measures Contained in
Evaluative Bib1iometrics

l

PROGRAM
~~ AMOUNT

Evaluation $ 42,495

Evaluation $ 18,318

9/77 Institute for Scientific Informa­
tion

Philadelphia, Pa.

A Citation and Publication Analysis of 7710048
U.S. Industr-te t Organizations

Evaluation $ 6~-,851

~

m

~:'
>!>-



SCIENCE J.!?!J.f..illl~~IRE~II!.RAT~

AnExperimentalSeries;bf Science Pro- 7716196
grams for Commer.cial Television

Public $203,100
Understanding" ,
of Science

DATE OF
AWARD,

9/77

,t!B~', NAME

Prism,Productions Inc.
Camarillo, ,Ca.

PROJECT::TIIlE.
AWARD
.,~MBER

PROGRAM
~ ~~Q!!NT

Data Processing Support to the Science 7726461
Education Directorate

00e

$ 9,900

$124,854

Sys tems
Approach

Technblogi- $207,750
caJ Innova-
ttons in Ed-
ucation

Special
Studies

7601650

7723940Program Evaluation in SCience'Educa­
tion: CAUSE

Learner-Controlled fnstr~~tional
Stra,tegjes: An Empirical Investiga-
tion - .

Courseware-I lic'.. ··
Provo, ~ta~

Exotech Inc.
Gaithersburg; Md.

Westat; Inc.
Rockville',Md

2/71·

9/77

9/77

'.Devel'opme[l't& Evaluation
Associates

Syracuse" N. Y.

Evaluation of CAUSE 7723982 Systems ,,;$ 9; 990
Approach

.~

f'
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Awards made via d' ourchase order:

DATE OF
AWiRD FIRM' NAME

00
;~

·0

A~iARD PROt,nAM
.:!!!!!!Qlli ~ AMOUNT

77-074B9 Exploratory; 53',600
Research

, .\::r
76-11438 Research 57,107
A04 Evaluation

77-22190 Research 63,500
Evaluation

,...... " ... : .."
7i-26721 Research 261,480

Applications

Subtotal': $7,599,535

PROJECT TITLE

:fnvestigationof,the Design and Performance
of a Simple Liquid Piston Heat Engine

'j., Prototype.' Evaluation of the p'~ogram
OU,tput'.of the Research Applied to National
Needs. (-RA~N) Program,

,Researc~ on ~MethodsforAssessing the
Uti:lization end.. Impact .of RjlJHhProjects

'.',. ';<':'; .;"'<:, ~

RFP '77-110: External Product Evaluation
Management

Operations Research, Inc.
Silver: Sprin~, MD

Kappa Systems
Arl.in.gton, VA

5/77 Technology: Asso~iates-of
Southern California. Inc.
Monterey Park. CA

CDNSAD Resea;ch Corp.
~,i.ttsburgh, PA

BI77

9/77

9/77

Research',Priorities to Md:the Productivity ,RN..5096
of the Physically Handicapped 7SPl121

Reduce Earthquake RN-5874
7SP1045

'Productivity ,r 9',850

'Productivity:',6,,250

3.609

1,aDO

Productivity

i1!nvironment

RN-1473
7SP0920

. RN-1039
7SP0842

Evaluation of Basic Research Progress and
Future Research Dppcrtunf tfes in Human
Factors and Ergonomics

Technolbgjc~l Ne~ds ,ofthePhys;cally
Handicapped

Implementation'M~asures
Hazards of Dams

~elt" Beranek &Newman
Cambridqe ,M!\

cj tntce'l. Systems
Assoctetes , Inc.
Washington,D.C.

Clinical Systems
Associates, Inc.
Washington, DC

Dames & Moore
San Francisco, CA

7/77

9/77

8/77

6/77

~

N



OF

- 8 -

AllARD
NUMBER

PROGRAM
AREA ~

76~84256 Indus. Prog.! 75,000
Resources

8/77

2/77

9/77

7/77.

9/77

B/77

9/77

2/77

On~i5IaMa_ter.ia'5 Corp.
Cucamcinga,~A

Amber' L~boratdries
Juneau , I:JI

Anver Sioscience Design
Si~rra.M~dr~., CA

Roger Blbbaum &Associates
Cr,e~ton, I,A -,

Charles River Associates
Cambridge,.' MA

Cona~jt~tive Research, Inc.
Walt~amc.,: MA

Co:l":aboi~ati've Research. Inc.
Wa:lt.Ii'am" ''t:1A

DASI_)nd~,stries,. Inc.
Ch~~t Chase, MD:,

EIG' ccsoo-atton
Newton, MA

Exper-Ienced" Resource
Group. Inc.

Baton Rouge> LA

Develcpment- .and.-Jestin9.·CSMRI "Au Metal
Pr-ocess for~ecycJjn9 Stee'lmak tnq Dust; and
Scale Waste for Industrial Adoption

Na:YtifiIr"'Red Food Co 1c-ant fr.om,,~~ets

Joj~ba~SeedMeaLas an Animal Feed

An" Assessm~nt- 'ofth'e:'F~teWt;~ ,':l6rApp1yi n9
Urpan WJ~~e~~g Agf~~ultutalLands

AnA~a'lysis of 'M~Jo~'POl 'icy Iss;ue'~" R'a'i ~~d'
b~,t~e Commercial Development of Ocean
Manganese. Nodules

Synthesi 5 .and App1i cat ions, of, Nuc'l ei c
Acids to Biological Nitrogen Fixation

Enhancement of AniroaJ:Protein Production
?yNpveJ Genetic Technology- -

Evaluation of Free-Falling Film Ultra­
H;gh:Temp~r~~ureProces?edMjJk

RecOvery: of Ch~o~1umfromN;~kel;ferous
Laterites

Alternative Food Delivery Systems
An Exploratory Assessment

76-24677 Resources

76-22895 Resources

77-08280 Resources

77c14453 Resources

77_10195 Resources

*77-19654 Resources

77-04162 Resources

*77':'19538 Resources

77-071B4 Resources

103,900

77 ,300

9c,lOO

191,900'
(30,000 fro

- Bureau, of
ntnes)":"

209 •.100

24,997

168.700

24,740-

25,000

~

o

~



FIRM NAME

~l'a~r~'r Eng{neeri~f{: Inc.
Ho~ston,,' I.X.

Maynard.Research Council
PittSburgh, PA

Mufti syst~ms'" Inc.
Cambridge,'MA .

pied ~i~n-:I nstrument Co.
Sarita .'C1 ara ~ '- t;A

Radi'at,i oh .Moh"i tori ns
Devices. Inc. '
~Jatert0\'f~' M~

Scient{fi6~Process and
Research, .Inc .
Highland ,r:ark"NJ

Scientific ?ystems, Inc.
C~m?r.; dge.-MA

Spectrum-Research
Den~er ._,CQ

Stearns.c.Dom-ad, a Schmidt
Consu'[t tng, Engtneers
Long Beach, CA

Stearns, Conrad.:&·Schmidt
Consulting Engineers
long Beach. CA

- 6 -

PROJECT TITLE

Conference on' R~search"in :Ex~(a:~at'i'~:nc
Technology

StUdY;:'~f.j~ 'Mecha!'lism toFosterUntvers t ty/
Small Business Interaction

R~mote Employment of the Physically,
Handicapped ..

slid~st~~~: Lariec~p~clty~inf9rrnation
Storage .

R~~~~rch on Unc901edGadmium:Tell~rid~
Gamma Detectors as Substitutes for Ultra­
pu:re<~ermanium

L6~~;i~~ ofEne~gy Co~iumption in Plastics
Processing

Microprocessor-Based Prosthetic Control

Evaluating the Organization of Service
Del i very;: Publtc.Heal.th

Research on Equipment Technology Utilized
by tocet Government::Refuse Collection

Research on EquipmentTec~n~logy Utilized
by Local Government: Refuse Collection

AWARO PROGRAM
~ ~ AMOUNT

75-14405 Productivity 36.900
A03

7.7-14151 Productivity 100,000

*77M19497 Productivity 24,948

*77Mi9528 Productivity' 24,995'

7.7-10434 Productivity 198,100
00
ClJ'·
~,,~

*77-19512 Productivity 25,000

*7.7-19672 Productivity 23,670

74-08798 Productivity 8,648
AOl

7.7-04424 Productivity 40,272

74-20560 PrOaucfivit,Y 13,800
A03 c-,

'"



DATE OF
AWARD FIRM-NAME

9/77 Woodward-ClYde Consultants
San-. Ft-anc l sea, Cp..

,',.,',' .'

9/77 'B:1o,ck tngineering, Inc.
Cainbridge, MA

5/77

9/77

9/77

9/77

4/77

7/77

3/77

7/77

-,Advanced Research Resources
. Organization - ,
Sf.lvel" Spr; ng. MD

Ag~abian Associates
E1" Segundo. ,CA

Anitech, Inc.
Newton. MA.

cerami'c-.finishing Co.
State College', PA

:.Energy Research and
Generation, Inc.

Oakland, CA

Ensc.o , .fnc.
Sp'ringfield, VA

,.:;;'-

jxotecji; Inc.
Gaithersburg, MO

Exotech,'lnc"
Gaithersburg: MD

- 4 -

, PROJECT, TITLE

Analysis of the Adoption. and ImpJementation
vof,Communi ty Land Use Regul at ions Jor-

Flood Plains

.8: 'Co~f~.rence to "FormuJatePriorities for
Research-on Human Performance and
Prcduct'l vt ty.

I~proved' tiesign:-"P'~6t~du're's'for 'Underground
Struct,ural, S~pport; Systems dn,Rock .

Mi~~b-'isot'6-p~ Too'; ;\~ear Det~:~t\ci~:

Singl e Ended. Photoe'lectrf c.Hezard
Warning' .

c~n:t'~~Y ;;~f 'F~'a~'~ent ''S'i'ie.:~Di sj; riQuM on
and Darage Penetration Durlng Machining
of"Cerarnics

;>rh~~oco:rer_.';for 'Ra'pi'ci'E~~~~~ti;on :

-"R~~ot~·:Sen's:.i.~g,with Ground-:,Pr.()bin,g Radar

Sheped-Rul se Rotaty.Percuss tcn Drilling

Shaped-Pu1 se,'Ro~a_r:y Percussion Drill i n9

AWARD PROGRAM
~ ..A!illL AMOUNT

77-13908 Environment 208.300

',77"07B86 Product.tvf ty -74.900

76:;;80044 Producti"vity :',' 179.900

*77..;19517 Prodtid;i vi ty 25.000

*77-19:478 producttvt ty 2,4.495
00:c:n
:'~

*77-"9818 Prcoducti vi ty '2~.942

73.-03322 Productfvt ty 131.200
A06

76"03300 Product,i.vi ty 10,700
M2

75-16367 Prod,ucti.vi ty 1~,.]00

A01

7H6367 '~roductivity>, <1..2-.900
A03

~

?'



DATE OF
~8BQ. FIRM NAME

7/77 BUilding Systems
.Deval opmen't • .Inc .
San Fr.anci sco'; -CA

" 2 -

AWARD
PROJECT TITLE ~

Building Configuration and Seismic Design 76-81821

PROGRAM
~

Environment

~

199,400

Envt ronment4':77 Cl enent. .Assoctates , Inc.
Hashi ngton; ,D.C.

3/77 -,'CoT enent _Associ ates', Inc .
Washington. D,;'C,

An Evaluation of Toxicological Information '77-15417
Relevant to Future Testin~Requirements for
Hazardous Chemical Substances and Mixtures

An Evaluat'lon of ToxicologiC'al','Information 77-1_5417 Environment
pe'leverrt-to Future Jestin~ Recutrements for A02'-- '
H~zardous Chemical Substances and Mixtures

),42,793

173,444

76-22041 Envi ronment 60,300

77-02124 Envi t-orment 211 ,500

76-82708 Environment 49.640
A01

m
f"

3/77

5177

3/77

3/77

9/77

6/77

Collier'Worm Ranch
Santa Clara, CA

Gurnham & Associates , Inc.
Chicago; Il

Human' '[col 0'9Y' Research
Services, Inc.

Bou'l der;: CO

Human Ecology Research
Services ,:Inc.

Boulder, CO
laser Analytics, Inc.
Lexingtol1:, _MA

Media Four Productions
Hollywood, CA

tonver-st on ,of'MuniCi'pal-'''laste'ioiater -Treatl'lent,n;;'16832 Envi ronmeht
Plant Residual Sludges Into Earthworm Castings
for Use-as Tops'oil ' .

Control of Heavy Metal Content of Municipal 77-04355 Environment
Wastewater Sludges

A Comparative -Analysis of-Public Response to . 74:18613 '~nvironment
Weather, Modification A03

Me~romex: Social Impacts of Inadv~rtent

t~e'ather_ '.Mo'd~_~i"c,a,~ion': c_'~ .:~~mp~ra~i v,s__,: ,~,~tJ9:r.-;" ,.
Improved Sensitivity of Laser Absorption
Techniques for Atmospheric Pollutant
Monitoring -, --

Synthesis of a Municipal Wastewater Sludge
MariaQemen~Syste~

9,700

110,900

56,600

00
01

""
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~~~Q~9MJCAL';'ATMOSPHERIC, EARTH, AND OCEAN SCIENCES OIRECTORATE

AWARD PROGRAM
NUt·1BER ~ AMOUNT

7681106 Polar $ 21.000

7724040 Atmospheric $ 3q,qOO

DATE OF
_.{J...\i.~~ fIR~~ NAt~E

2/77 'Scripta Technica Inc.
'Washington, D.C.

9/77 Cdmpass ~rstems Inc.
San Dteqo ; Ca.

8/77 Compass Systems Inc.
Sal), Diego" Ca.

PRQ~ECT TITLE

:,:,p'ubl,fc~ti on ',Of •. POl ar :G~ography

Assemb l.V:ahd"Ah~lYi;"; s •of Ocaano­
graphic Data' on the Surface' Layer
,(9-150 M,) _;n th~ Southern Hemisphere
and _Prepar~t'ionofthe Results for
Publication in an Atlas

":'As~embly and Analys.is of Dceano­
graph~c Data'qftheS~rface~ayer
{O~150 M)in-the'Southern Memisphefe
and:P\~par~t;on of the Results for

-'Publicatii:m in an Atlas

7709201 A~mosp~eric $158,800

•

~
N

·.00s



SCIENTIFIC. TECHNOLOGICAL, AND !..NTERi'l~II.Q!'l!o.l.M.fJl.IRS DIRECTORATE

DATE OF
AWARD FI RM NAME

1/77 Courtesy. Travel Service
Washington. D.C.

PIWJECT TIB-I

Travel and Administrative Services
in Support of Intern'l Science Acti­
vitie~ Sponsored by the NSF

AWARD
NUMBER

7708322

PROGRAM
_~!@...... ~IiQYJ'!I

Internat'l $ 500,000

ThA Economics of the Unique Functions 7718035
Associated with Information Analysis
Centenf lAG ),Se~v;i ces

. Development of a Discrete Choice Model 7718020
for the Demand of Scientific and
Technical Information

Science s 83,800
Information

Science s 101.764
Information

Computer Horizons Inc.
Cher-ry Hill, N.J.

Nctr-tcs Inc.
Atlanta. Ga.

.Charles,River Associates. Inc.
~ambr:idge. Na•

Implementation of Evaluation Metho­
dology for International Programs

7708484 Jnternet"! 24.915

.~

A,Planning Guide on Innovation in the 7720489
Oi ssemtnation of Scienti fi clnformati on'

.Etectrontc Infotme t'i on.Exchenpe in Re- 7717924
search on Devices for the Disabled

A,P,lamlingGui de' on Innovat t on in the 7701455
Dissemination of Scientific Information

,2/77

gj,7

r'nnolfative"Systems Research
Pennsauken, N.J.

Cap Hal Systems Group Inc.
Rockville, Md.

Capif~]'Sys'tems Group Inc.
Rockville •. Md.

Westat Inc.
Rockville. Md.

Relati onsNp- of Orga'n'i zet ton C1 tmate
to the Transfer of Scientific and
Technical Information in Industrial
Settings

7681946

Science s 51,143
Information

Science $92,586
Information

Science $ 219.500
.Jnformet ton

Science $10.017
Information

~
o
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58.
APPENDlX C

FY 1977 GRANT AND CONTRACT AWARDSl!

TO SMALL BUSINESS

LISTED BY INDIVIOUAL'AWARD'--BY'

NSF DIRECTORATE"(;'

r
'/I,,'"deS. co ra",,,tic r"t and contract a ard' 0 ,. Excludes ",rd'./1'·"';,

primarl y for N logistics support ,and purchase orders except where
noted, iw.the Research Applications l)st.

:\.""" "', "':' ':: ,,'.«":.',":'-' 'j
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FY 77 AWAROS TO INOUSTRY--BY NSF PROGRAM ELEMENT

56.

Other'Math Sciences
Engi,n,l";!er;ingjHeat Transfer
Engineerjng Energetics
Eng)geeriog/Fluid Mechanics
Met<!-J,l ~rg'y
Ceramics
Materials Research
Chemical Analysis
Eng; neet-t ng
Other

TOTAL:

1
1
1
1
1
2
2
1
1
1

12

$ 3',000,
63;7.00
27,,'lDO

,- .r , 73,~00'

75,300
137,500
186,700
60,000
66,500
24,535

7I8,335,

Policy Research & Analysis 5
Cooperative Science Program 1

Scientific Organization &Resources 1
Economt CS" of Infonnati on 2
Access, Improvement 3
Uset.Requfj-ement Program 3
Studies of Science Resources 6

TOTAL: 2i*

217,847
500,000

24.915
185;564
363,229' '
146,186
534,269

1.972.01"0*

Aeronomy
Solar-Terrestrial
Atmospheric Chemistry
Solar Terrestrial Physics
Information Services USARP
Contract Support USARP
Climate Dynamics
Research Ship Support

TOTAL:

Regulatory Biology
Metabolic Bio.
Economics
History &Philosophy of Sci.

lOTAL:

2
2
2
1
1
5
3
3

19*

3
1
1
1

-6

136,500
148,800
119,900
67,500
21,000

7,059.825
288,800
295,047

8.137,372*

164,856
80.500
12,500
82,700

340,556
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54.

Resources
Renewable Resources
Societal Response to Natural Hazards
Instrumentation Technology
Excavation Technology
Earthquake Engineering
Environment
Weather Modification
Regi onal: Envi ronmenta 1 Management .'
Chemica) Threats to the Env'ironnent
Productivity
Reg'ul at.ton
Te~hnology Assessment
Pub'lfc.Sec tot Productivity
Ser-vtce.De l tvery Technology & Systems
National Productivity Measure.
Servic~ Productivity &Intergovernmental

.neteetcns
Pub'l.i'c Sector Producttv'l ty
Public Policy
Distribution &Equity
Systems Analysis
Biomass Utilization
Mineral ,Market Behavior &Shortaqes
Resources Development &Conservation
Advanted Processing Technology
Industrial Program
International Travel

BBS

Genetic Blo1ogy
Ecosystem Studies
Regulatory Biology
Metabolic.Biology
B'iophys tcs
Me!J1()ty,& Cognitive Processes
Ant,hropology
Economics
History'? Philosophy of Science

TOTAL'

87
1
2
3

19
12
94

2
10
13

134
2

25
1
5
2

1
2
1
1
1
1
1
1
1
8
1

431

2
1
2
1
1
1
1
1
1

IT

2,122,800
35,000

920,000
198,600

1 ,732 ,800
2,9)3,100
2,293,600

101,900
2,760,300
3,592,400
,3,.?69,600

929.0pO
1,115,675

5',000
66.4,025
In.OOO

, 5d,50()
121,600
260,400

5,760
24,942'

280,000
190,000
708,300
89,700.

142,819
, . . 978
$23,829,799,

548,200
198,000
112,100
319,200 .

72.600
63,100

112,500
16,200
82,700

1,524,600
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50.

NASA patent policies .appearv.not vto bae ser-ious det~rren:tt'oindustry
pe-ttctpet tonrn NASA basi C' .research ectfvt ties. Patent' .rIghtsstart' with
NASA but -companies often are assigned development rights if :th~ '~ove:tnment

does not pl.an-rto use the. -patent ; NASA 'e. congress; ona L'suppcr-ter-s have, , ­
emphasized that NASA supportedresearch-is-benefic1al to U.S. industry arid
the nat i ana1 economy. Nov!n9 resea rch -'results-to util ;·zation·j siinportant"
in meeting those objectives.

NASA t s. pub1; cat; on. policies tnvthebes tc research area g-eneral1.Y resembl e" -.
those of NSF; _NASA encourages publ'ication in refereed.",journa-h,'-and staff
spoke of an increasing: emphas.ts on that mechanism a~,"one of" the eva luet.tcns
of qua1t ty. to .be -we l ghed,when'consider-ing further research support.' In
addition, for NASA contracts, parti cul arl,>:' those let inre~ponse t~ specf ff c
research needs,,' NASA'requires'a' -technt ca.l," report' addressed t~:NA~A. In' ,one"
of the research .ar-eas .f t was-noted-that research findings' by-private 'firms'
in the natural resources area sometfmes-ure nottpubl tsbed.readt'lyr'tsome
companies with large research'programs ;andlabspartitipatereadi1y in
certain ,of the' basic 'research activities. and publish results'in,the'open
1iterature. - " .

AIR FORCE OFFICE OF SCIENTIFIC RESEARCH

The Ai'r Force Office of Scientific Research relies mainly on uns'oltcf ted
proposals for initi ation of..new wor-k. through 'grants vend"contr-acts . Propose 1s
are supported basedori~theirorigina1ity.'significanceto,sci~nce.'the

sci ent t fi c competence of .thednvesttqator-avthe teas'onabIenesscof "the, research
budqet, and .tbe .appropr-tateness vto rthe.AtrFor'ce; Grants are "lim'i ted ' to:
support of, research .atuntversf.ttes and',not-for-profits'. Contracts-ate
used to 'support researcn.tn industry.

Research-awards. to, in'dustry vary' 'eccordtrrc to the tncusta-yexpet-ttse and
interest as these "re late' to ,the:Air,:Forc~'s 'resea}"ch:'progra'ms,,'.and th,~:­

interest of the'Air Force in 'the industry,. experttsete- ,th~: questions that
a researcher. 'mayo-want-to investigate. "TheAFOSRi ndtcates that':'about: 1,5%
of its extramuralbask rese~rch'outlays ,go to ,industry; and 'es'ttmates 'that
about 10% ,of ' these awards are to small businesses.'

Industry performance of basic researc~ fqr AFOSR is, more likely in high
technol oqy-areas such,' as e lec~romagnetic 'mate,rials"research,a:nd' ,devi ce
concepts., ' ,Inthe,mi crowav'e, 'tube, area?, AFOSR:has,.'seven, 'industr:ia1- research
performers and 'because of ascerctty of trained researchers in this' area
Stanford University is training researchers in the field.

The AFOSR-repo,rts, no" specta 1,pat~f(t-- problems that' appear to deter- industrial'
basic researchers from Air Forcework,
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48.

ONR does not have data permitting comparisons with NSF on proposal pressure.
ONR i_~terests are known generally and pr~liminary ,contact serves es a screen.
Onlypropos,a,l s of some--interes~toONR;,are ':submitte'din ,most :cas.es. There
are fewu~solic;tedproposalsand_their'relat;ve likelihood of support is
not high. " . .

In the nature ofONRfelat;onships,contr~cts:an-dnegotiations, there are
no serious administrative problems of'a'coritinuing sort .tnvol ved with
patents or publications. There are no cost-sharing requirements.

NATIONAL INSTITUTES OF HEALTH

NIH dties, not make-qrants 'fo.industry, _Itsa~~rds'toind_ustry:are i,n ,the
form 'of contracts. Most' of the 'contracts with t ndustry are ;0.,response to
requests for proposals. Within specifi c contracts it"iss'ometimesnecessarY'
to performsome basic .research , but such basic research is neitherthe
major portion ,:not :the' :prima'ry- purpose of thecontract.. This accounts' for
the f~ct~~at'"nl)"5_ndu,strybasic, :r~se~,rch5:s; rep.ortedby NIH in the annual,
Federal Funds 'report;' since traditionally 'NIH has' not split 'its awards for
reporting purposes. Rather. the entire amount of any award has been
allocat~q ~~,~he ~ajor ~es~arch, or, development ~hrust.

There are ;~ela'tiveYy'::few unsoli c'ited"research'proposal s per year 'from 'industry.
In FY 77. there were fewer than 10 active R&D contracts with industry
resulting, fr-om unsotfcttsd pt-cpcsal s , some new and some carryover (rom
pri or years.

In FY 76 there 'were about 300 R&D contracts 'awarded to'f6r~pr'ofit6rgani­
zati ons .

The determinations for "ewards to industry are made on "the bas'ts of competitive
eva luation,witl{a over)' f,ew aW~l"ded 'on:,the~asls of "lIs:;~gurar 'te~hnica 1
competency. II NIH-supported'research in 'industrY: is primar:ily "i:iJ "the 1tfe
sciences. ,:""i"~,' ,':- ,.'. ,,-, .-'." ',,",",.,' ".,.,' .. '....,....",.,.. -.,

NIH pol i ctes concerning both pubf i cattons and patents rese~bJecloselythose
of NSF. Researchers are encouraged to publish in the open 'literature 'and'
patentrigh,ts are dealt wtthon aAeferre~. 9,,~~enninatio~basis as with NSF.
Cost-sharin,g, ,i? ba~ed -ont ndiv,idue'l ,contr.act neqott ati ons based on pes'si b1e
commerci af 'advantage to the-research 'performer. -

.; ';:",i'" ., "'"'..',

NATIONAL AERONAUTICS AND SPACE AOMINIS.TRATIbN

Oiscussi.ons',~~,re _held w,~tll NA'~A.H~adqu-arters .research mafia~,ement st,a'ff':;n
three:, areas:-:~',engi,l1eerin9:;' ttresctencesc.eno space, .end .t~rrestri al s~;ences._
NASA's .p,oJic.ies on the~_uppOt·t"of. bas,i~ res,earch'ar~:compJetelyop,eri;;': '/ ,
Anyone cen ,apply. From one ar~a to, ano,thEl'r •.pract t ces vary. ,Project
announcements 'and knowledge Of program 'thrus ts in each field have a major
influence on the support sought by research performers.:'" ,d
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PART IV

Support of Basic Research in

Indus~ry by Five Other

federal Agencies

46.
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-2-

Directorate/Field/Program A~ea

Science Education

44.

Sci ence & Soc; ety _,
Science Education Development
Science Education Research

TOTAL:

Adm; ni strat; on

Office of Planning &Resources Management

Off tee-of Government & Public Programs

2
7

6"

6

2

293,too
484,648

19,890
$707,638

1~115.144

"295,999,

28,055

l/Appen~ix~:prov;des more detailed list by program elemeQ~.

Ylnclucl.~s ;'Antarcti c Research Proqren __ l.ogis t'l cs support



Planni,n9 .,& .Resout-ces
Management

Administration

Directorate

Mathe~~tit~l·&'Physical
Sci~nces:~' Engineering

Scient,i:fic,.: Technolog;ca1
&International Affairs

Astrorio~if~i~Atfflospheric,
Earth &Ocean Sciences

Research Applications

Scienc~- ~ducation

Biolo'gfcal.: Behavioral
&Social Sciences

Gover'Tlment, &
Pro~tams:',

Public

TOTAL:

830

Table III-4

FY 1977 GRANT ANO CONTRACT

AWAROS TO INOUSTRyli

No. Awards Amount
''';

·12 $ 718,335

21 1,972,010

19 8,137,372

110 9,714,070

7 707,638

6 340,556

6 295,999

6 1,115,744

2 28,055"
189 $23,029,779

42.

%ofH??: .... FY 77..
Obligations Obligations

.32% $224.4

. 10:15 19.t0'

3.48 233.0'

15.2 63.7Y

1.19 59.oY

.27 126.6

$726:6&

lIExcl~des purchase orders
gjThese figures shown without $1.3 million transfer from RA to STIAfor"

technology assessment as shown for FY 77 for consistency in the FY 1979
Budget request.

l1Inc1udes U.S. Antarctic Program
1!ScienceEducation total less Fellowships and Traineeships ($15.3m)
.§IFY 1977 Total 'NSF obligations ($791.8) less 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 proposa'? 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.



Directorate/Field

Table'III-3

Fi'1977 PR()PD~ALS RECEIVED "FRO,liNOUSTRY

BY DIRECTORATE AND FIELD OF

SCiENCE OR PROGRAM AREA WITHIN OIRECTORATElI

No ~

40.

Mathematical &Phys~c~l Sciences &Engineering

Math &Computer Sciences
Engineering
Materials Research
Physics
Chemistry
Other

Scientific. Techno]?g.i-cal& Internati ana1

Pol; cy ResearchS Analysi s
International Science
Science Information
Science Resources Studies

TOTAL:

Astronomical. Atmospheric, Earth &
Ocean Sciences "

2
5
8
2
4
1

22

B
6

24
7

45

$ 53,000
769;3)6' '
926,600
212,500
509-~'750

10,535
$2,4Bl,701

701,039
1;623 ;600
2,162,686
'488,613

$4 ;975~g38

Atmospheric Sciences
Astronomy
Polar Programs
Ocean Sci ences

Biological, Behavioral &Social Sciences

Biological Sciences
Social Sciences
Behavioral & Neural Sciences

TOTAL:

9 , ,746,600
5 398,700

I¥! 7,679,225
1 4D ,700

29 - $9,865,225

7 1,250,100
2 175,600
2 98,900

11 $1,524,600

l/Appendix!l provides more detailed list by program element.

£/Includes Antarctic Research Program logistics support.
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Directorate

Nathemat'lca'l',
Sciences

Scientific. Technological &International
Affairs

AstroriOniTta'l.Attnospter.tc;
Sciences' "

Research,'Ap'pl tceut errs

Bi010g; ca1,/'BehavlotaJ

Science Education

Total: From
A11 Sources

1,027 45

38.

Other (Administration; Office of
Planning &Resources Management;
Office of Government &Public Programs) ~

TOTAL: 28,122

*Excludes Fellowships and Traineeships.

-.ll
568
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36.

The"{r's'~al"y'~'a~f~i7 da1:~"'i'ri:::'t~6'i~;. IYj'if3;;:~ Jlo~;:,: th;:~t~~'~r~:: i;rop6'~a,ls"~J~re
"r'eteli/ed"ih'the"mater ta Ts-t'eseat-ch area"than'elsewhere'in"these,/,three­
directorates, with atmospheric sciences. biological sciences, engineering.
astronomy and chemistry all rece;v;ngfburor;morepropoSals~. (Polar
programs is considered,to'have~received~jve research:proposals 'when the
nine for research support servi'ces are excluded). '

The greatest nunberaof.bas.tc. t-eseat-ch pr-oqt-am-awards were, made to industry
(Table 111-5) "~in mutentu1s:·-resea-rch~' .atmospher-ic' sctences .xenqtneer-i ng
and biologi ca1 sci ences. '-(When Polar>progr.ams support awards, are exc'l uded,
that program category drops to the low end of the group). Appendix B lists
the grant and contract a,wards, to tndus try by,NSE"~~rect?rate and. program
element. ". - , ,

The data for awards to's'ma'il bj.lsiness-,'a",subset: bt'the dataifbr, all industry,
are grouped by totals for eachdirect(),rate:iind then are in:div,fdually listed
by award by Directoriltt;!inAppe~.dix'C.,-:.',~~vi,ew.,:~,f tn,e ,awards'~~o small
busi ness .mede bY,:J,~~;_thr:e,~"~(lsJC'"r:~.s}::!,arc.:~,~~5fect()rtlte~,i~,,f,is_c~l .veer 1977
shows that mcs t-of -these awards are for-'analYsi,s or,ev.aluatio~ 'of data on
research materials.' " ,_. ~, " -

The actual numbers of awards",in, thes~"are'as' aretoo:'s)nall :tl)5peirmit val i d
concl ustons from statjstt calc?mparisons,'of th'es'e,' total,s'''lith;~he data on
population characteristics-:and'distribut;ion otbestcresearchers in industry.

RESEARCH APPLICATIONS DIRECTORATE

Some 1417 proposa 1s wer~' :~~c~+~,e~{bY_, t'H~::R,es~~,r'ch", App~lc,htcin'$:'Di rectorate
in FY 1977. That directorate has accepted proposals:'fr()m,pr~ya',:tefirms
without special criteria for qualification beyond'the merit crlteria used
for considerati on"a,n,<:I s,uPPo"rt,orpl"PPos,a'[s frolTI, other sectors. In additi on,
small business finrls·:,th'~t/lave ,ou~s:tan,ding: caP1hili,i:ies',for ss:ientifi c re­
search or technol oqy' hav,e:heen" en~oura~~i:1 ~o:,$~b,m{t' __prc)pp'sals, pacticuJ ac.ly
because of spect at l~gis.l~ltive ,p'f'oV.i~'i'ors, ,fi rs't Added ~,bY,:_th,e, C()ngress tn
FY 1976. In FY 19TJ,Jhe Re~e:a,·rc.h"Appliql.,ti:o~~ direc,tQra~e>r:e-ce:ived431
proposa ls from priv,a,te-in~y~try ;':,arllQup.tin9, to,}~.PPTo~ill1ate; lY3Q%" of the total
received. Of theA31 .. ~liete·~ere: 32~,:propos,a~s,Jh,a;t"sinal,l bu~'inesses submitted
in response to the-II.S'llia l,t B.lls'tn'ess"riip9vatJ~9n~':',so}J.ci~atton<.-'-Research
App1i cati on made !?,.4~l :aw,a:~~~ "in'fY,.77;,'l.Tq-aWatds· were: made ,t(),'~,~ndustry. nearly
20% of the RA, totalnufnber- of awards ,":' Of"the "110 RA awards to 'industry.
95 were 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 follows (proposals from the solicitation are in the data,
shown separately in parentheses):
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The J_~r:ge~~,N~Fiob:li 9a.1:1 on?" in~~rr~d..;,;n:~""(l~?S to_,bY~1ness_es other .. _th,an, \,",'
thrgiJg~ _:program,.dlt,ect?r,~,tes __ ~sc:tjt/ed_; ~ o-.;'t,IiE!.MlI1i ~;;~stf.aJ1. on ;~i.J;'ectol;'atE~ -for
support_,qf,~ge_f9'~n.~?,t~_91] '~_ d!i~a.::S~nter __:an9·:co~p'u~er :-oper(lti,q~s _~ ,

Industria J~P~o~9~:~i,~-:~ri:1,.,a~aBq'\~J_Jl'~ iri._N.?F1·s:::);a,s~i c .,r~~:~a'fch_ sopprir~\rig
direc~orate~:ar~tp,~cus,s'e~)?e)91:i·, " '. "

BASIC RESEARCH 'ONLY

Thi 5 \;ectJ'o,ri:tdT)~'idJd; "pt(ipQsat '_',~r'kWsute{ ,brr:'~isi'frOn\_';'n'dus't-rl,-f6r6'a:s i'e'
resear-ch',suPPwi int'l~/·m~. ,(if,~he .:d_at(t'_J_?.r :.NSF~~·s_.:.tl:n:ee,_diT.ec_t9r'a,te.s:::in_ whicf(. ',' ",,'c)"~
nearly 'all of:'-the ob1igati ens ~~,~' "in .. sqppo:rt.btbas,'i.c','.res,ea'r~h:.;-the ,pirecto,ra~,e ,;,
for Mathematical. Physical Sciences ind'Erlgirieering'{MPE}~theDirectbrate" ,
for Bioloqical , .;Behavior.~l.and..Social .Sciences (BBS),' .:and,the..D,i,rectorate for

Astrq~;~.~,t~a,l " .~~;m~:SPhriC' ':,:'Ear.t,h,,-.a'rld.::~:ce~~n).; ~C:i,,~,n:,s!~:s. :/0'E6'} ~,.-, ':; ',:,:' j':,:..',:' ,,:i;.~
The Fou'\idat16;~ "spol:i cy :"()~,,'~~e, ,~A'ppqt,t :'~f :..!;a~f~.::T'e'seat,~~ PfPp,o,~~a J;~, fro~
pri vate ',indus,~.ry, .- ha S' ,qee,n '~xpr-¢~':~,ea; 'ror N~Q.Y' ,~ea~s.-.i~.;,t.~~,s,tfw,9:ds::;',

"Private Profit Organ-fia'tio'n'si: :t()mmercial'fif~~f ai-'ee infte'que~~f"
recto! ents .of "a\\la rd~ :,fgy: ,~;c:,i ~71t;f-ic ,Te.s,e,~,r,c:h .proJ~.c.t, :_s.~ppqrt.,
However~::;n .excep,~i.onal :'c~s:~:s. ,un~:Oli.c:i"te(j.:p~p.P()s,fi:l~" f.o~, bast(
resear-ch ,w,;1) .. '.b.e,:c9~siAe're~-:fnom: .lndus tr1,i1.l qr;9.~,r,il~t.i;i)Q~, "Wher:e::

",(a):theproJ~Ct,;s:of spec,;a l:c-orice.~.n. from }l.na't,i,0n;a1''pOlnto,f
; vfiw ,~ri(shb.w~,~promi,s~..or';solv{~.g an:,i~por-~an~ 'i:~\entj:il:c,',: "

problem;' '(b') 'hniq'ue resources are avai tabIe 't n iYfdustrY- for the
work; or (c) the project proposal is outstandingly meritorious."

Thi s pol i cy has been wtdely known': ; :I'-{ ~'T~h'ha'k ;b~e~:~i: ~i.irid~;rt~oi' '-b~(Sb~~'"
who -have ·.tnqugh~ that,N.~f."never..: mak.e~;aw,~~ds:to ,cpml!!~r,~i,a}.-(fJ:}?ns, for"·"
support of basl,c r'~.s,e~,a'r:cti.., .sud i,s ',rl(},t ;th~,G~se.~., .fl,',~arqs: fo ;prf~~te.,-fiTms;.­
for bas i c res~arch ,s.llPpor;::f :have,:beenreVti;veJY }nft'-el:j~¢ilt>.b.u:t,.. ,./1a,v~,been.,
made by NSF tor m'anj years.' .. . .' .'

Concerned that:,1;he:J,p,ng-sJandi,ry.9, wOY'~;ng ,of: th~~.b?sic__ research s,uppor~ ' ......
pol i cy may ha'ye b~e\l:'unduly :o,egative ,ih .:t~ne,: t~e Nationa 1, ScJ~il~li!:' ~o~rd·..' '
on January 19:.:-J,~?Rr,:tO()~):h¥:fol,TOWrng<lc~}o;'n:·· ' . - "",,~,
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PART III

-N;a~;;onah-,;S'C;ience Foundation

c'j Propose'l s' fr-om'. Indus try
,,"

Awards to Industry;

Fiscal Year 1977

'.-,-0
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Tabla.II.,l': Funds for Basic,Research,bySelecte'd,IndustrY'i'
for Finns \~ith less Than 1000 Employees~ 1976

(Incl ude{;Compan,Y" and' Federa1 F~_Dds-j: (:
,

Dollars in Millions

30.

TOTAL

Food and kindred products

Chemicals· and allied products
Industrial chemicals
Drugs and medicines
Other chemicals

Petroleum refining and extraction

Stone. clay, and glass products

Primary metals
Nonferrous metals and products

Machinery
Office. computing. and accounting
mach;nes

Electrical equipment and communications
Communication equipment and:
communication

Other electrical equipment

Transportation equipment other than
motor vehicles§nd eqpt.

Other manufacturing industries

Nonmanufacturing i~dustries

~.

1976 Prelimin~~Y~

68

2

18
3
5

10

4

4

2

14

4
10

2

21*

% of Total

100%

3

27
4
7

15

6

2
2

6

21

6
15

3

2

31

*Incl uding commercia1 research' and development fi"rms.

Source: National Science Foundation
Preliminary.'Data
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28.

Table'lf':'9: Funds.fot-: Bastc-Research bv.Sel'ected -Industry
(Includes' Coirita:nyaiid FedE!i'lU FUnds)

19 land' 1976 .:»:

(Dollars~;fn miHions):

% of Percent
1971 Total 1976(Preliminary) Change .

-- % of Total
Total $581 100% $786 100% 35%

E'tem'ica'l s and Allied 216 322 41 49
Products

Drugs & Medicines 77 13 125 16 62

Petroleum refining'&
extraction 21 4 45 6 114

Machi nery 22 4 36 5

Electrical equipment
143 ,25 ,19 4~<~ommunication 148

Ai'rcra,ft & ~'i 55; 1es 53 9 52 7 - 2

Nonmanufacturing 31 5 29 4 _ 7

All:Qther industries 95 ,16 154 20

Source: National Science Foundation
1/25/78
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Table II-7:

81*

Funds for Basic Research by.Size- of CompanY
(Includes Company and Federal Funds)

1971 and 1976

-. J:-{Dol1ars i'~; nin:l~ons)

26.

.. of P:~;rcent

1971 "Total 1976{P,rel iminary) .Dhanoe .
--. % of Total

Total $581. 100% $786, . 100% ,5

Less ~~an 1.000 employ~~~ ,6 6 69 9 . 92

1,!)OO;,.;~ 4,999 em~loyee,s:". 51 9 38"0 5 _26

5.000.::-.9,999 employees 72 12 112 .. 14 56
"i,;'

1O.OQOor more employe,~,~_,; 422, 73 567 72 ,4

Sourc~~' National Sc;en~e:;Foundat;on
1/25/78

NOTE: Since different companies cfmpri~~the specific size classes in
each year, the data by size: of- 'comp.anY,maY.flot be entirely comparable.
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TabJe: I;{:"'"5~) ,Jprnparry,:.".F:u,nded ·B~si<:,·~ij.es_e<:lrc_h ::,a;s a­
- Pett'erft"'"'"6f"'TbtalTomganY'R&D' -",:

24.

2;"
1970 i~78

',,: '"or i"1 co,

1970 4,~%,

~;J l:.': .;
4'.31971

1972 4.0" '

'.'L'·: 1973 3·~r::T

cc.: 1974 3.6,"

',M.~ 1975 3.6,

1976 3.5

1977(est)c; 3·4:

1978(estJq 3.3:,

Source: National Science Foundation
1/25/78

;:':~'f

\~ ;~

:.,', -.<
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22.

Tabl~.' fI~f:'

:>':-_' -"<" ",i-,-,:',- ". :-, ",P",'-':,c" '-):-''--", ,-,:";' ;';'',;IF'-·;_u,·,k:'i;'' ,:_:";:e:Shere-of :Feder.al· B~s.ic -Researcfr Performed-bY, Inifustr~-:hy:.Mador-::'--~-:.:

, Support Agency. with P:e:c~ent, Chang~.• FY.. 1971'.. &- FY 1976

.:"

S. :,;

Share of Total
1971 1976

Fundi.!!9..
Percent .Chanqe

191I - 76

+50

- 9

-43%

+45

+700

+\':':~l

>l:~' '
43%

28

21

5

3

63%

16

19

.5

2

NASA

ERDA

DOD

NSF

OTHERS .)

;l:,-,.~9~~CY; :-?;"

,:1

'y I"nclu,ge,S federally funded research & development centers (FFRDC's)
~dministered by thi~ sector.

6 •.;

6 ..1 >:::'.

Source: Federal Funds surveys. NSF
1/25/7~:: j,'; -,.)I"Yi".':j. ';fr1"oi2.,; : z- ';0,,;,,!".

y-' ('::1',"'"

~<;'~f);


