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ansmitted herew1th isa compendinm of papers, entltled “Priorities
and’ Efficienicy in Federal Research and Development ? prepared for
the Subcommiittes on Priorities and’ Eeonomy in Gevernment and the
Library of Congress by William D. Caréy, Louis Fisher, Edwin
Mansfield, Albert H. Rubenstein and Lester C. Thurow.

This compendmm results from Senator William Proxmire’s eon-‘
cern about the allocation of I‘edera,l funds. for research and develop-
ment and the way those funds are spent. In - view of the large annual
outlays in this area, the Subcommittee saw a need to obtaan inde-
pendent reviews by: ontside experts of the proeedures followed by the
executive and lecrlslatlve rbranches., and assessments of the: quahtv of
information avaﬂable in the determination of research and develop-
ment priorities, pehcles, programs and project support levels.

‘As the studies concern ways-to improve research and development
allocation decisions and enhance the beneficia] effects of research and
development on the economy, I believe the Members of the Joint Eco-
nomic Committee will find them most useful.

.- 'The respon51b1l1tv for planning, coordinating and editing the studies

was carried out by Richard F. Kaufman, General Counsel of the Com-
“mittee, Susan Doscher Underwood of the Library of Congress, and
" Larry Yuspeh of the Committee staff. The assistance of Walter Hahn
of the Library of Congress and Ellen Crosby of the Committee staff is
gratefully acknowledged.

The views expressed in the study are those of the authors and do not
necessarily represent the views of the Members of the Joint Economice
Committee. :

Hueerr H. HuMPHREY,
Chairman, J oint Economic Commitiee.

. Ocroerr 18, 1976.
Hon. Hueerr H. HuMenrey,
- Chairman, J vint Keonomic Commitiee,
~ U.8. Congress, Washington, D.C.

Drar Mr, CratrMax: Transmitted herewith is a compendium en-
titled “Priorities and Efficiency in Federal Research and Develop-
ment.” The compendium consists of five studies authored by William
- D. Carey, Louis Fisher, Edwin Mansfield, Albert H. Rubenstein, and

_ Lester C. Thurow.
*  The Subcommittee on Priorities and Economy in Government has
long been concerned with the way Federal funds for research and
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THE RELATIONSHIP ".BETWEE i
AND CIVILIAN-ORIENTED RESEARCI—I AND DEVELOP-
MENT PRIORITIES

. T e e e g £
FE I - N S S R

‘Thé period from the end 16 Kor K i

Vletnam walr was one Qf, growing research and development efforts on
a.ll fronts. Dollar.spending rose fivefold from 1953 to 1969 real -
ing rose oyer threefold. As 4 fraction of the Gross Natlonal Product
R.'& D. expenditures doubled from 114 percent to 8. ' . :
of different R. & D, sectors rose and fell as the growt rates of d'fferent
sectors fell behind or lsad other sectors,'

rapid. real-growth R T
Defe peaked b 'pércent‘Of‘the tot 1e ‘
missile’ "S'pace reached its iJ,num share at 20 perc nt

of the total in 1965 in the all out effort t ‘place'a man on the 1hog
With rapidly rising defense and s spac > R. & D, private civilian expend-
itures fell from. 47 percent to 35 1 ercent ‘of the total effort in 1963,
but by 1974 they' had retirned to 4 ‘percent’ of the total effort, Federal
cwﬂmn R. & D, heayily medical R. & D., rose slowly from. 5 te 15
nt of the total effort before leveling off. (See: table 1)
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Islaiationai Science Foundation *‘National Patterns of R, & D, Resousces, 1953-1974." Governmant Printing Office, 1974,
. 30,

*Mr. Thurow is s professor of economics and management, Massachugetts Institule of
Technology, Cambridge, Mass,
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‘counted ‘costs exceed: discounted’ benefits; projects would be rejected:?
«Optimum itotal ‘expenditures are snnply ‘the: summation of all of the
economically viable R & D. projects and each sector’sshare is similarly
determined by how many of 1ts pro3 ects can generate posﬂ:zve net pres-
entvalyes.® - 0

In practice the formahzed structure of cost- beneﬁt analysﬂs is’ of
little helpin determining total R. & Di:budgets of in its’ allocation to
sectors. In Ri:& Dy the fundamental fact-ofdifeis uncertamtv Tha
‘policy planner. andithé researcher are always uncértainias to how many
“benefits will-emerge and- are’ often unoerta.m even about the types of
abeneﬁts that will emerge: : P
<o Teig important to: understand that y‘ 5. fundamentaﬂy
_dlﬁ"elent than risk, With-risk’ a:project may succeed ‘or fail, but the
‘policy: planner has’some ides of the objective’ probabilities” of ‘Sticeess
-or:failure. As a result'he can apply sirople rdathematical’ tools o use
expected values (ot whatever other measure his loss’ funct.lon?would
-Inply) ‘in his cost'benefit analysis; The anlysi becomes shght Mo
:comp]ex with risk, but is basically unchanged. : ‘- : &

«In-thé:ease:of uncertainty the planner: does not flmow the ob1ect1va
‘probabilities:of suceess or failure and cannot use mathematics to con-
vert his problem into one suitable for formal cost-benefit ana.lysm AIn-
Ffortunately, the R: & D. process.is not-so much risky 45 it ig unéeértain,
“This meang that it is’ 1mposs1ble tolestimate Obj ective costs and benefits.
Thstedd it is'necessary’to use: subjective estimates of: knowlédgédble
‘individunals asto; What costs anid/benefits might be: Thers are no analyt-
-ical estimates: This means the regl’ problem igto pickithe best or most
-accurate subjective estimate! or the: mfnqe of possiblecosts'and benefits.
" sConstructing subjective estimintes of costs’and -benefits and pickitg
-~the most. likely- subjective estimates can’ be deseribed as cost-benefit
“analysis, but it is not} it is fundamentally ‘different. It invelvesian tifi-
‘certainty and a decrree of chioice ‘that ‘turns the problem into one far
different from that demgned to be solved'by the formahzed apphcatmn
aof cost-benefit-ahalysis.: : L : :

» Rio& Diralso suffers: from: the problem of non’ commemumblht
"LfHIC‘bS many other expenditure areas. Benefits or objectives are’ ot
‘easily or naturally comparable. What is tlie relative weight to be’ as-
sigried cancer prevention versus nationsl defense? Do lives saved in
each a¢tivity count equally ¢ When economiststallk about non-eomimen-
:glirability they mmplv mean that it 1sL1mp0551ble to eonpare two sots
of beneﬁts Wlthout makmg exphcﬂ: walue gudgments about the relatwe

’ - paitime .
£ or o ﬂiscussion ot the analyttcal teehmques of cost: benefit: analvsls goe | Ste Ten
Margnn Public Investment Oriterm Beneﬂt-aont Analysis Jor Planned anmmio Growth
“MIT Press, Cambridge, 1987,
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tions ‘place an: uppér-bound: oniithe sizs of ‘programs. that should be -
moutted in different-areas. They also force the proponent. of any pro-
gramtd state what the benefits.are supposedtobe, .. .. 0o
- 'While it thay not be desirable to place an explicit dollar. value on all
objectives, similar maximum: benefit .calculations should be made in
each area. Everything else being equal a disease killing only a few
people does not merit the effort ofta disease killing'inany people. The
maximum benefits of programs saving lives should be compared with
each-otherséven if they are not analytically: comgare‘d with programs
that: generate monetary .gains.5 The same' holds true for military
PrOgrams. i 0 L1 kU sl b e T
- Lenving aside basic research for the moment, applied research: and
development expenditures should’ be reviewed by lumping together
those expénditures that generate commensurate benefits. Within each
-area analytical studies could be undertaken as to the relative merits of
differerit projects even®if informed judgment is ultimately necessary

. to-make’selections acress areds with,ndn-comimensurate hénefits.
Arvariety of -divisions could be suggested, but I would suggest a

- four:-category split-=national -independénce, life* saving, economic

goods and services, and non-economic quality of life goods and serv-
ices. The national independence category would include research on
defense, space, foreign affairs, and intelligence. The' life saving cate-
gory would include resedrch -on: health, safety, wartime casualties and
eénvironment progranis designed to save lives. The economic. goods and
services category ‘would include research designed to development or
improve economic: goods. and services.. The non-economic quality of
life goods and-servieés category: would include research and develop-
méent-on those godds and services:that contribute to the quality-of
life. but)whiéh: are not conventionally sold-in theU.S. economy (clean
AlryGbe), e e s s b Eeo TR R e T e
i The:reagons: for this féurway breakdown are twofold. First, com-
parisons should be made across as wide an. area as is feasible. Non-
commensurability certainly exists, but it should not be exaggerated.
For example, it is- possible’to conipare the effectiveness of various
" projects for preserving national independence even if it is not possible
to eompare-these programs with life saving ptograms, economic pro-
.grams, or non-economic (quality of life?) programs. Similarly each
of the other areas with the-possible exception:of non-economic goods
anid services hgs 3 natural unit of measurement. We can evaluate hfe
gaving progrims in terms of the number of lives saved and econoric
programs can be evdaluated in terms of the extra dollars of GNP gen-
erated or re-allocated. Non-economic quality of life goods and services
are more diverse and thus harder to compare with each other, but even
here a few general measures (indexes of pollution, social unrest,
etc.) might be used.to compare different R. & D. programs,
- ‘Within each of the four areas, individual R. & D. projects would be
expected to ‘give a range, and -even more-desirably geveral ranges, of
possible costs arid benefits and an estimate of maximum henefits. Bene-
fits will be specified differently in the different areas—capacity to de-
stroy lives,capacity to save lives, dollar gains;ete.—but benefits would
. ""6Tn fagt dollar estlmstes are placed on human life using what s called ille valie of
‘statistical human life. Thig value ig-gotten by  obgerving the monetary premiums that
Individuals must be paid to secept jobs with a higher probability of being killed on the job

ot the premiums that they are willing to pay to lower thelr probabillity of belng killed in
traflic accldents or anther areas where death is possible.



7

thiesés camg0r1es : esearch apphed researoh :and
-development : ; .

“Bagie capa‘lollltles R & D 2 is d331gned to bulld up a genera,l fund
-of knowledge tromwhichamigsion oriented'R. & . and massive mobili-
zation. R: & Ducan: flow. and to maintain-a-level .of capabilities that
will: allow the country to rapidly take advantage of scientific break-.
'throughs ‘wherever: they may: occur and. whoever 1 may make them Mis-,
sion orientated R. & D). is more focused in the sense that it is possible,
to' state where benefits are to be lexpectediand the breakthroughs that
would be nécessary to-achieve the ‘desired benefits: Massive- mobiliza-
tion: R. & D. would occur-when themissien was highly. deﬁned ~when
the basic scientific knowledge existed to support a-massive eﬁort and,
whenthe ‘benefits -were percewed ag.80 large that the oountry Was
willing to devote a s1gn1ﬁcant fractmn of: 1ts resources to ach1ev1n0'
‘these spec1ﬁo objectives. :

~While-baszic capab111t1es resea,rch would 1nclude some of What is now
called basic: research, most basic research is;mission orientated. Con-
versely; a-limited portlon of: applied rresearch and: probably an even
‘more limited portion of developient expenditiresishould be consid-
ered-basic: capabilities ‘research:-Basic. capabilities can. be. 1abelled:
neither military nor civilian since they are necessary . for both :areas
and ‘may lead to break-throughs-in either..They: form, establish,.and
maintain ‘that-fund:of knowledge and hiiman. skills. out of Whlch 1t-
1q possibleto. makeeither civilian ormilitary-progress. -

;. Historically basic capabilities R. & D. has been funded out of what-
ever mission onentatetf R. & D. budget is:popular enough to stand the
strain. At one point the DOD R. & D. budget financed much: of our
support:of basic.capabilities. Later. the : burden was shifted toward
gpace and: in miore recent yearstoward HIEW and the “waron.cancer.”
In:theory the National Science! Foundation exists for this purpose;
but it has never obtained the political popularity and size to under-.
take the support of basic capabilities in addition te its mission. orien-
tated projeets. Instead we pretend that “basic capabilities” research is
in: fact: functmna,l mlssmn orlentated researoh n the latest area of
popular interest:: i

-If rational “R. & D alloca,tmn procedures are. to ‘be followed 11: is
necessary to think directly about'the level of. fundmg' necessary .to
~ support basic capabilities. As long as it is buried in other budgets it
cannot rationally be: analyzed or supported. There is no. reason why
this type of research should:be called defense, but there is equally.no
reason why it should be called civilian or part of the “war on cancer.’ i
To be funded rationally, it should be calléd what it is and financed on
its own ‘merits: The American government.and public has te be sophis-
ticated enotigh to- realize’ that a certain amount of research has to be:
done not because it is directly related to current problems, but because
it is-the way any society diversifies its risks and allows, itself to take
advantage of the: break-throughs that ‘might.occur in any area.

While mission oriented research: should. be funded.in proportion: to*'
the range of benefits that can be generated in an.area and the range
of possible costs, basic capabilities should be: funded in a very different
way. There are two separate ingredients that should go mto the fund-
ing of basic capabilities. ;

1ﬂd’ ' ontaln basm
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““Such s categorization:can be: useful from two perspectwes Flrst 1t.'5

isroutput orientated and focuses ‘attention on:the functional areas in

whieh wedre ultimately interested:: Second; since it cuts across' tradl—'j

t10na1 disciplinary linesyit igeasier: to start from ground zero to deter-

mine the resources that are needed: in each: area “Veésted: interests: are‘f
miich Jess clearly: definedand known:We:do ‘et know: how cutrent’

funds are split along these lines. We do not-know how funding along
these' lines ‘would  affect different disciplines. Different individuals

within'the same: discipline would-havedifferent: interests. As'a Tesult:
sucha cabegonzatlon 1s much:more: 11kely to; gi) ¢nerite redlistic estimates’
&

of the ‘funds necéssaty to support basie cdp

ilities! than ‘any categori--

zation that closely follows current breakdowns. Usmo' the current cate- g

gordes is'apt to producea defense of the stetus o,

~While ‘basic: ca,pa.blhtles stesearch> would be: fundéd in accordancef
with the: effort: ne¢ded ‘to ‘msintain: basic: :eapabilities in each of the:
nine suggested: ‘aregs, mission- orientated research -would “be Futided :
in accordance with theimodified cost-behefit principles outlined car-

lier: Edch: project: would:have several estimates' of ranges 'of possible:

- bénefits and costs-and an estimaté ‘'of the maximum possible benefits;

Using this>data, projécts would be: fundedt relative to some combma-"?
tion :of the probable net benefits but would never be funded i Such i

manner as to exceed the maximuni possible’benefits.’ ™ .5 i
Massive mobilization R. & D. would not be subject to such cost berie-

fit-analysis. By the!very fact that the redéarch has the character of a-

massive mobilization; society: is ¢ertifying: that the henefits’ approach :

infinity and that theréfore it is willing'to spend. whatever is nedessary

over time and whatéever can be efficiently spent at any momert in ‘tinie.
Ei-post massive: mobilization R. & D. ‘may ‘be-a farlure or a Suecess,

but ex<anti'it will always appear as a project that mirst be done: Tf it,
. doesn®t, it will: fall: into-the’ category of miigsion orientated: R, & D.

~Asia result if ‘you think ‘of fundlng ‘patterns, basm capa,blhtms“
R.!1&D. would be:funded in- a ratheriegalitarian mariner; mission
orientated R. & D Would‘be fundeéd in ateordance ‘with' modn‘iﬂd 'eogts
beneﬁt analysis, and tmasstve mobilization résearch “vould be fundsd’
“in & completely inegalitarian manner. Only occasionally would sich
projects ‘even: exist; “but when' they didy they‘would consume’ a laroe .

fractlon of the tota.l natlona,l Al _& D. budge

V SOME OFTEN Consmrm:n Bigh 'PROI'FRLY Nmnrcmn annrrrs o

In discussing military and space research reference is ofen made to
the civilian benefits from military and space spinoffs. The magnitude

and importancs of civilian spinoffs is a-subject of dispute, but it i§ im-
portant to Tealize that spinoffs'do not Justify spgmﬁc types of research_f‘

rega.rdl&s of whether they do or donot exist.

‘Hirst, there 1s: great: uncerta.mty as to whether spinofls will ‘ocour
in any research Being uncertain and to a great éxtent random’they

cannot be used as a justification for any particular project. Second,
‘ spinoffs can occur in any kind of research. Useful military lmowledge
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+Thé basic problem is.that it is impossible to malke an output-based.
argument for R. & D. expenditures in either the military or civilian
area. In both areas it is possible; to point:to new and. better. products
that-have been developed-—hetter submarines; better calculators, dis-
eases-cured—but in both areas:systematic efforts to. look for improve-
ments in outputs, as.opposed to. mprovements in- 1nputs fail to come
up withimueh.. - 't

Consider the cwﬂmn SCONoIm As we have: eseen there has been a
]a,rge increase in the absolute and-relative effort: going into all forms.of
R.::& D. in the Ppoist- ~World: War II period. Yet. measures of the rate
of: growth of our real standard: of lwmg {GNP.per capita, output; per
- manhour, etc.) mdlcate no corresponding aceeleration. Qur real stand-.
ard of llvmg 18.not risin a,ster thsm When we were ma,kmg 8 sma,ller
R..& D.effort. (See tablea; . ; :

. The, same. problem .is. v151ble \n, the hfe Sav:lng area.__Dlseases have
been cured. (polio); wondrous. new. ma,chmes exist. et the average: 1 life
expectancy has been stagnant or growing.more slowly than in ecotn-
tries. without, large medical. R. & D: expenditures. We spend more,on
medical research. and development than any other country.in the world
yet. now.rank 24th_in terms.of average male life. expectancy :and are’
contmually falhng relatlve to the rest of the. WOI‘ld g (See table 4. )

Outpul per i7 . R.&D,
:h man-hour (pri- - . expendlture
I N vate ecnnomy) (1958 dollars)

et Vo Abage8BT ol
B bty S o
- Mal y

ha United States" 1974 p 58

fatlshcal Abs‘lract

The samie- prdblem is also VIs1b1e if you look at the output megsures of
military research.-'Vast/amounts of R; & D. and:improved technical
inputs r{;ave not:allowed the United :States to win wars in either Korea
or:Vietnam-—evén-though we-were ﬁghtmgfwhat everyone agrees was:

8 United Natlons Stafistical Yearbook, 1974, p. 20;
T0-801—T76———2
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L iSucH constrainta ftist, hoWever, bs' talken” it Accoutit'ii
’ locatlons If constraints are not in fact going to be changed,
R.&D: expendltures to thess areds iy 'a ptire wasté of resoure
6n mission orientated research there should be somse explicit cons
tlon ‘of the constraint probleim in the R.'& D, ‘allocation process. .

Comparing R. & D. inputs and finil outputs leads to a fundamental
conundram. Many indicators indicaté that e h & beeli very success-‘f
ful ‘at’ the microlevel. Wondrous thmgs ‘have beén discovered and in-
vented. Yet macro indicators of suctess almost universally fail to e
cord the impacts of these microsuccesses, One can always argue that
things would have been worse ‘without thesen mlrcosuccesses, but thls is
hardly the most convineing argument. 0 s

The lack of “output results” shonld not be taken as an argument for
doing away with R. & D. To quit learning new things is hardly a policy
that commends itself in either the- Imhtary orieivilian area. The lack of
macrosuccess does however mean that we need-to think seriously of
* ways in which R. & D. can be better funnelléd into either the civilian
or military sectors of society. For be it quicksand. or. Tock, the.output.
foundation of mllltary and civilian research are equally. ﬁrm or fimsy.

The standard respotise to this problem has been:to.advocate more
applied research and development and:Jess basic research, This is to
fundamentally mis-diagnose the nature of the problem. The problem is
not a surplus of basic knowledge that'goes unused for lack of develop-
ment, but developments that cannot be put in practice because of vari-
qus; 1nst1tuta0na1 obstacles. The solution lies:not in re-allocating :re-
search. expendltures from basic to a,pplled but, in reformmg the. process;
Whereby a,pphed knnwledge is brought into actual use.: ; :

At DIFPEREN'&ADOPTION STRUGT'D’RES

Research leads to new poduéls, better products o to° bette ys
of’ producmcr old products T vesedroh leads to new. roducts, it raises
the output’ per-unit'of input. Ff it leads'to better techniques; it lowers
inputs necessary to’ produoe old products In elther case, research Iea,ds
to higher productivity:’

Perha,ps ‘the relationship can be best understood in the context of the‘
foﬂowmg mode (seé fig. 1) Assunie that knowledge'is arrariged in.a
continuum fromthe most productlve techniguie to the least productive’
téchnique. (Similar continuuims' could bé onstructed for produet in
novation or 1mprovement) ‘Omi ‘the far” right® there 'is' a’ frontier ‘of
sciéntific: knowledge. Well behind this there i Isa Frontier of engineeér-
" ing knowlédge, and well behind this, there ig s frontier ; given by the
best actually operating technique. But all plants’ do not use or even’
know about the best operating technigues. To the extént that the best
techniques minist be' embodied 1n physical capital, ‘they cannot use the
best technlques Wlthout scrapmcr all O:E the old pla,nt and equlpment arid’
buylng new. - ;

'Typieally, the: spectrum Betweer the hlghest productlwty plant in
operatmn and the lowest productivity plant in operations covers a
range of product1v1t1es on the order of four to one, with = distribution
of plants in"bétween. To ‘the left ‘of the’ worst operating plant i is &
range of techniques that havé become obsolete. The distribution eurve
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budget constraints also’exist in the military area (more at sometimes
than others) but they are much less binding, This leads to a much
larger gap between engineering feasibility and best:practice in. the
civilian area. Probably the best example of the difference s found in
nuclear powered ships. They have now been used in the Navy for
decades but have yet to be put into regular commereial use.

The civilian medical research area, however, ténds to bave some of
the same characteristics of military research. The desire for extended
life is strong enough that new products and processes tend to be put
into use as soon as they have met tests of engineering feasibility and
almost regardless of cost. In both the military and medical areas we
perceive an all or nothing choice. Nothing replaces defense and noth-
ing replaces life. As a result, narrow economic calculatlons do not .
impose themselves to the same dearee While tests of economm feasi-
bility are certainly appropriate in the area of economic goods and
services, they leave out an 1mp0rtant externality that is. apt to exist
in the adoption process.
~ The impositien of economic. constmmts is apt to hawe an eﬂ'ect
beyond that of a-longer 1ag between best practice and the engineering
frontier and a wider distribution between the best and worst plants
in operation. Most new products and processes are subject to a learn-
ing curve. As the products are actnally put into production there are
a host of small scale technical breakthroughs. In addition the labor
foree gains proficiency in the skills that will actually be used in pro-
duction. The net effect is rapidly falling unit costs as production pro-
ceeds. Hand electronic caleulators are probably the best ¢urrent civil-
ian example of falling costs. Thus an important part of the R. & D.
process occurs after production decisions have been made and labora-
torv feasibility has already been established.® ‘

“The initial period of high tinit costs presents an- ‘ecOnothic problem
How are’they to be covered.2 TIn the defeiise drea, government ig the
‘Buyer and contracts aré: sighed for prodii¢tion run§’ that take ‘into
account what-we know about the learning euive’ phenomenon ‘One‘of
‘the-reasons for the high'tost of the space proaram “that it does not
get the advantage of any lengthy" préduction -tun; afd- falling uynit
costs. The space program snnply pays'high initial Cost; s Tri' the Tredical
areay governinent and individuals are willing €0 pay very high initial
“costs if lives ate saved. In the'civilian non-medical areq nions of these
situations exist. ‘Costs fall ag: produiction: oecurs; bt it 'al cosfs must
fall to a much lower lével before production ¢ ]
medical civilian‘ares sibstitites ‘almost ‘alw xigt; eve iF 1nfer10r,
and ‘these sef a“ceilitig' on’ the maximim costs than can be 1éi Gvered.
Madular Housing prowdes 2 good example of’ heire unable to get pro-
duction runs‘long enough to proceed far eiough down the learnmg
curve to be competltWe with conventional ‘housing. ' Thig is due' to
both the high' initial ¢6st and’to the fact thit’ everyons is {incertain
ag'to whether the Tedfning curve willlevel- oﬁ alo igher level
'fhfm thecost'of Gonventlonal housmg' i i

“'What this megn§ is that non-meé ical 1V111an resaa,rch eﬂ'orts must
be moré: careful 1' COnSIdBI‘an' the le,armng curve phenomenon 1f the

fACTY Soarl? “Productivltv Chanzes in Selacted : Wrrtime Ship “Bun i Pro ramy;Y
Monthly Laber Revicwo, vol, 61, No, 8, December 1945, ‘ ng g
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- will'require-the same kind -of: action in the non-medical civilian area.
‘Unless;some effort s made to achieve the.learning curve bénefits that
-antomatically oceuiiin the defense and medical area, civilian economic
-reséarchiis aptto have a lower pay-off.and to yield benefits with a much
greater time lag. v . ol s Bl e w e eas aal TE
- - There is -also probably a. bias within the U.S. research establish-
ment—military orlcivilian~~-toward too much R: & D.-on.the develop-
" -ment: of.glamorous new products-and not-enough R. & D..on the less
.glamorous job of reducing the costs of producing old. products. This
‘oceurs-partly ‘becatise of .the personal interests of scientists-and engi-
‘freers in both the granting and recipient agencies or firms, but partly
‘because of the-difficulty o%:fu_nding cost reduction research in a mixed
privatépublic economy. When government. funds are used to finance
:the development of new products, thiere is always some uncertainty as
to exactly who will economically benefit: from the new products. Being
uncertain as to who will or won’t benefit we are willing to go ahead.
The economic winners are not known (they may in fact be ourselves)
and the economie losers are not clearly 1dentified. (even to themselves).
‘With' cost-reduction research, however; there is & very-clear-set’ of
known -winners ‘and losers:'We know who makes and who buys the
‘product. We know whoin 4. cheaper product will run out of business.
‘The net result'is a reluctance on'the part of government to get in-
_volved in cost-reduction research yet this is exactly the type of research
that'seems to have yislded the very-high rate of growth of productivity
‘in the Japanése econoiny. Given that most: products in thé economy
Awill be old: produets dt any point in time, the potential productivity
‘gaing froni’ réducing the production costs of old products:is' much
‘lazger than any pessible gaing“from developing new products. * :
~“Private firms’clearly have an-ititerest in this kand of research, but
they:face the' externality problem mentioned earlier. If they are suc-
cessful, others will _q_uickgr learn that they are successful and as in
any end-gameé problém they: will ‘qiickly be able to-duplicate the re-
-sults at much less ¢ost or uncertainty than the initial developer. -

e TXL MisteApiN G HisrorioAn Successms: 100 w0
- Qften R & Di funds are mis-allocated because hard facts are over-
‘whelmed: by ‘the ‘success of the Manhattin Project. and the Space
‘Program. In each’case it seemed -possible to .achieve a 'specific objec-
tive—an atomic bomb or a man on:the moon—if we wére only willing
‘to'spend enough money:and ‘effort. This leads to the erroneous conclu-
sion that all-problems are:potentially solvablein a short:period:of
time if ‘we think they are important enough to generite an all-out
In factythisisnot the case.. . e e T T e

.. Problems He i ‘the otentially ‘solvable area only when they fall
between the frontier of scientific knowledge and the frontier of engi-
neering knowledge: If thebasic gcientific facts necessary for.a solution
are not known, there is no guarantee';that a major effort will. speed
up ‘the solution and thereimdy even be no-sensible - way:of organizing
‘gimajor effort, To-some extent; President Nixon’s War on Cancer folls
‘finfo this'domain:. Quite sensibly this war-did not achieve 'the scale of
either the space program or the Manhattan project, but it probably
has achieved a scale that is inefficiently large. Yt has become a source
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(7) Some proceedure must be developed to overcome the learning
curve extermﬁity in the non-military non-medical part of the R. & D.
budget. The best technique would probably be to continue publie
R. & D. expenditures farther along the development path but to them
insist that all production data and processes be made publically
ﬂ'vaﬂ_aibh.’ﬁf% Lr SR ey R T R L a
" (8) "Cost-reduction, R. s.probably being slighted in favor of
new product R. & D. Here 'again the problem’ can probably only be
solved by changing the current-de facto proprietary rights of those
who might be hired to do the cost-reduction research, Whatever in-
formation is generated must become:much more publicly and quickl
known if this research is to overcome the political obstacles that it
eurrently faces,
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development may play the part of the camel’s nose. Dr Cume osti-
mates that by the time the Pentagon gommits itself to productmn it
has spent less than 15 percent of the total system life cycle cost. And at
the point it makes the key. decision to.moye from researeh intoengineer-
ing development, it 'has spent less than 3 percent of the total (2657).

[To keep Ootnotes ton mlmmum, all references to, the fiscal 1976 hear-
mo-s by Senate Armed Services are placed in parentheses, The page
nymbers come from four separate yoluies on the authorization bill,,
920: Part 4 (pages 1709-2167), Part 8- (pagés 2637—3605), Part 7
{pages 36074030}, and Part 10" “(pages. 5123—5691) o

Until recent years, RDT&E was a “low visibility” item of the de—
fense budget ‘Compared to procurement it attracted. little. attention
and participation from Congress. Increasingly, however, Members of
Congress became sensitive to the toehold gained by prejectsin, the R&D
stage. Once they ripen into a weapon system, funded through a pro-
curement account, a const1tuency develops of such size and. influence
that it is d1fﬁcult ‘to terminate’or curtall.the program. A variety of
arguments, including the need to keep, the. produetion. lirie.open, are
offered to sustain programs’at tll,at point.? A much, greater commniit-
ment of time and staff resources is now committed to the investigation
of R&D by Senate Arme _ Serv:tcee and the Senste defense approprm-
tlons subcommltt L

"This paper concent_ tes 011 the rocedure ‘used by the Se‘”: dor
evalua,tmg, selecting, and authomzmg military R&D programs. The -
sands of individual research projecis are involved: legislative -re-
sources are scarce..How does the Senate organize 1tse1f to passy
nient on.issties that are—by their véry nature———lnesce,pably complex
and technical ¥ By what criteria do Senators decide whether a project
should go. forward" hether it should be termlnated or, curtailed?
What changes might be made in the; cong'ressmnal review process?

. The importance of protediral aspects hasbeen. h1gh11ghted by Sena.-
tor John Stennis, chairman of the Armed Services Committee. As a
lawyér by. trammg, Lie concluded that the discnssion.of weapon systems
by Congress wis “sadly deficient in. its understandmg of persons and
procedures ¥ He' compared it to an attempt. to understand problems of
law, order, and justice by focusing entirely on specific defendants. But
issues of criminal law, he said, dould not be understood without com:
prehending the procedures, of arrest, indictment, arraignment, trial,

and appeal. It was also necessary t6 consider “certain darker sides of
thejudiclal process, such s plea ‘bargainingsind the possibility of cor-
ruption.” By examining the procedureés:employed by:the Pentagon, he
hoped ; that Congress and the public would-have! & better undersbandmg
of the field 'of weapon system agquisition.!

-This paper extends the:i inquiry to: proeedures used by the Senabe In
order to treat the subject with:the depth and care that it-deserves, T
focus primarily ori the activities of a single: Subcommittes: the Sub=
committee on Research and Development -of the 'Senate Armed Serv-
ices Committee. Special programmatic issues, such as funding for:In-
dependent Research and Development (IR&D), are nort eovered Nor

2 See for examples Craig Liske and Barry Rundqutst "'I.‘he Polit!cs of Weapons Procm‘e
ment : The Role of Congresﬁ," The Soclal Sclence E‘ouudation and Gmduate School of Inter-
naotional ‘Studies, University of Denver, Monogriph No. 1, 1974-175..

2 Wedgion System . Acquieition Process, -hearings” ‘hefore ‘the Senaté Armed Services Com
mittee, 92nd Cong., Ist Sess., 1-2 (1971
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reasonyespecially in view of interservice rivalries over which missile to
use for air defense. Experience with military, construction had. also
given the Armed Services Committees important insights into weapon
systexas, for often they depended on acquisition of sites and construc-
tion of radar networks and control centers. Still another motivation
was the desire of the House :Armed Services Committee to compete on
a more even basis with the defense subcommittee of House Appropri-
ations. On the Senaté side, where such friction was mmimalpbeca,hse
of overlapping membership between Armed Servicesand the defense
appropriations subcommittee, the principal reason was.more 2 feeling
on the part of some Senators that:annual review by Armed Services
was required to satisfy Congress’ responsibilities under the Constitu-
tion. Senate hearings on the Defense Reorganization Act.of 1958

Became a forui to air such views.". ,

“"What emergéd fiom this ferment was Section 419(b) of the Military
Construction Authorization Act of 1959. It provided that “No funds
miy he appropriated after December 81, 1960, to or for the use of any
armed force of the United States for the procurement of aircraft,
missiles, or naval vessels unless the appropriation of such funds has
been authorized by legislation enacted after such date.” ¢ The réequire-
ment for annnal authorization—initially restricted to procurement—

would reach within a few years to research and development. '~

Intervention by Congress in weapons systems procurement. pro-
voked skepticism m many quarters. The anthorization committees were’
ideéntified ‘with a narrow set:of interests, although hearings by the
Senate Armed Services Committee ditring the 1950s demonstrate ac-
tivity not merely in military construction but alse in manpower, mili~
tary pay, managément, missile programs, naval vessels, NATO Status
of Forees Treaty, and procuremeiit. Nevertheless, the Armed Services:
Committees. were, publicly. assoeiated : with. real estate matters—pre-,
occupied. with the-Jocation of installations and the:purchase and sale:
of-:properties;SomeMembers:iof ‘Congress also doubted their ‘com=
petence to decide issues of weapons systemms: One wag quoted as saying:
“How the hell do we know what should be considered anyway? We
mostly reflect what the military men tell us.” * At the.time of legisia-
tive debate 'on Section 412, the military commentator for the New ¥ ork
Témes warned that.Congress might “chooge a weapon or a system on
the basis of political and economic factors ratheér than on objective
military and technical ones.”® o o L el

| Yet the'Armed Services Cominittees had witnessed such duplication,
agency . infighting, and indecisiveness on the part of the Defense De-

(IgEéi)ward AU Kolodzle],  The *Uncominon” Defense” end’ Cong o -, 69-T4 -
. ¢ P.E."86-149 73 Stat. 322 (1959}, Background on Section.412 is previded by Bernard
K. Gordon, “The “Miftary Budget ¢ Congresgional. Phase, 28 J. of Pol. 689 (1861): Ray-
mond H. Daweon, [Congresslonal Innovation and Intervention.in Defenge Policy : Liegisla:
tive Autherlizatlon of Weapons Systéms,” U6 dm. Pol, Bol, Rev. 42 ° 2) : and XMerbert W.'
Stephens, ““T'he Role of the Legislative Committee in the Appropriations Process: A Study.
Focnsed on the Armed Servieey Committees,” 24 West. Pol. g&ﬁ %971). ' . .

7 Lewis Anthony Dexter, “Congressmen and the Making of Military Poley.” in Néiy
l?dernflfgtéms:)es»oq ‘Stﬁhe House of -Representatives Robert: L. Pehbody - elson W.:-Polsby,
eds. . D . ’ (RPRREE B
8 3 f1:1541331smr;‘;’i?'-. ;Baldwlin, New- York Times; May 2871959, p. 18
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December 31,1961, to or. for the use of any, armed-force of the United
States for research, development, or procurement of the RS-70 weapon
system unless the appropridtion of such furids has been authorized
by legislation enacted after such date.™

“T'Tn this ‘way the’committee éxtended the:annual authorizatior’ re-
Luttement from procuremént to R&D; The Senate Armed Services
%onuniﬁﬁee proposed, . to. make.the reqiirement even more general to
cover researchy development, test, orevaluation of alf aireraff, missiles,
and haval vessels; That was consistent with the committee’s original
Féconmimendations, in 1959, to Teqiire aniiual authorizations Tor design
anddevelopment as;well as procurement. The committee explained

that in former: times; the. weapons acquisition:process involved a: “rel-
atively-briefiperiod-of ‘research and developmént, followed by long
production runs.” But the complexity of modern weapon systems had
thei effect .of ‘prolenging théifesearchi'and’ development petiod and
shortening:the production period.:Axnd asweapon systems became moie
complex It became more- difficult: to-separate development from ‘pro-
duction : ;“The latter “éta.gbése of development: and the early stages of
procurement. tend: not: to: be suisceptible to-precise delineation.” Coin-
mittees with legislative responsibility considered-it necessaryto look
not only: &t production but also restarch and-development. Asenacted
into. law, the. 1962 provision-extended-annual*authorization to-any
RDT&I associated with aiicraft,missiles;and naval vessels.!* -7
¢ A year later the House: Armed /Sefviees:Committee, urging greater
eoverage, pointed . out. that of the $7-billion 'expené.ed for-defense
RDT&E" in: each of, the. fiscal years- 1963 and 1964, only about half
related. to aircraft, missiles, anﬁaval&-vesiselsﬁy The comnmittes thére-
tore prolgosed that the annual authorization requirement be extended
to .ali RDT&E: The Senate Afmed Services Committee agreed and the
requirement became law im 196316 1 i o te e T A0

RC%D Subcommttee

der the chalrmanship of Richard Russell, the ‘Senate Armed.
Services ‘Committes met, in full committee .to consider procurement.
andRDT&E ‘requests, The committee: faced. a. very heavy burden.
Defense Secretary Robert -S. McNamara, during hearings.in 1963,
estimated. that the R&D budget contzined about 320 subactivities,
which' were aggregations of some 1,600 technical projects. Those: proj-
ects, in turn, were aggregations of about 15,000 techmnical tasks: Dr.
TTarold Brown, Director of Defense Research and Engineering at that
time, piit the figure higher at some 20,000 work units.*”. . o

" The record of Congress in discharging:its Section 412(b) respon-
sibilities led some observers to conclude that annual review of pro-
carement and RDT&E authorizations had-actually weakened the leg-
islative role in national defense. Although annual review produced:

g, at 1-2. Tor the éventual féﬁof&lfiyf the “directtyer ‘fc-r theAir Foi'ce: Se : -
E}:é%_cé)ﬁntgggeléssy(nl;%% )tha RS-70 bomber, see Louls Fisher, Presidential Spm_gfi?;?' f?%@%_gg
i S Rept. No, 1315, 87th Cong., 24 Sess:, ot 2-8; P.L. 87-486, 76 Stat. 56, seo, 2" (1062
R N S et 90 e o0 (o0

, . X ' oilg., -Sess., at 40. P.L, 88=174,. TT: 4 A . .

Se%%}%% ggger}g%%z report;’lﬁ %?,th‘}'-ssz'ﬁﬁth’;c%"ﬁ“ st Seggg'sattqgﬁ.’g 29 e 810 (1968)
r QCUTEMET wthorization, IFiscal Year 1964, heart

Committee on Armed Services, 88th Cong.,’lsf: Sess., 285, @144(’ 195%) ﬂgs . befor? Zﬂf-‘%'--_s?ﬁte
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ated .for-any. fiscal. year to:or. for- the use of. any -armed. force, or
obhgated or expended, for “any.research, development, test, or evalua-
tien; ‘or  procurement- or production rela,ted t]ﬁereto,” unless funds
have been: specifically authorized by law,22. 1,

Under. certain conditions & project,: slthough lac]nncr speolﬁc au-
thorlza,tmn, may nevertheless be funded by the Ap ropr1atlons Comn-
mittee. Senate Rule X VI; which containg a num]gsr of restrictions
on’ amendments: to approprmtlon bills, provides some opportunities
for funding unauthorized projects. For example, Paragraph 1 of that
Rule states that no amendments shall be received to any general ap-
propriation bill the effect 0f which would be to increase an appropris-
tion already contained in the bill, or to'add a néw item of appropria-
tion, unless “the same be moved by direction of a standing or sglect
commlttes ‘of the Senate. . ...” The requirement “moved by dlrectmn”
is satisfied. when the- Appropmatmns Committee reports a bill.

- Technically, then, the Appropriations Committee is limited by two
broad sets of cmterla, the appropriation account must be guthorized
(e.g., 8 lump-sum amount for RDT&E/Navy), and the Committes
may not exceed the dollar ceiling authorized or the account. Those
two criteria do ‘not reach to detailed prOJects included within the
lump-sum amount and itemized in agency budget justifications or
committees reports. Since the Armed. Services Committee does not
specify individual projects in its bill; the’ Appropriations Committes
may fund an unanthorized project without, doing violence to an au-
thorization law. In 1975 the Senate Appropriations Committes added
$5.1.million for the. Enforcer close support aircraft, which ‘had not
been authorlzed by Senate Armed Services. This mcldent is explored
more: fully in. Section IIT under the subhesdmg “Relatlons 1p to
Appropriations :Committee,” . ..

The. Armed Services Comm1ttee exereises oontrol over 1nd1v1dua1
pro;ects by means of- ¢ nonsbatutory controls”—language in commit-
tee reports and other ‘portions of the legislative, hlstory The Appro-
priations Committee i not legally bound by nonstatutory controls,
nor are gxecutive departments and agencies. Ag pointed out. by the
Comptroller General -in_a letter to Senator McIntyre “Since the
RDT&E approprmtlon ignot a line- item appropriation, the amounts
appropriated for each" ‘department . . . represent the only legally
binding’ limits on RDT&E oblwatmnq except as may be otherwise
(peclﬁed in the appropriation act itgelf. s Recently the Comptroller

eral ruled that the Navy was not tequired as a matter of law to
follow directives placed in a conference report: Agencies ignore stch
expressions of legislative intent “at’ the peril of stra.lned relations
with the’ Congress ” The duty to ablde by such expressmns is practlcal
not legal N T

II DEI’ARTMENTAL PRESDNTATIOV ST

Pa,rt of ths Penta.don 5 presentatlon appears in t,he Defense Secre~
tary’s annual “posture statement” delivered to the full Armed Services
Committee.. That record is supplemented by separate briefings, un-
pubhshed studies, and the more specmhzed Work of the subcommittees

22 P.1.93-155. 87 Stat 612 soc, 803 codiﬁed as 10 U S C 138 For Ieglslative backgmund
seq FL. Rept. 53583, at 86, and M Rept. 93-588 at 39-40.

121 Cong, Rec., ‘58149 (dnily ed. May 14, 1875

. 2* Decislon of the Comptroller, General of the United St
tmn ” B-183851 (Oc¢t. 1, 1975),-at-22, -~

70-801—T76——3

ates, . “LTV. Ae_rospace Co_rpora-
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*The'extent, of the Soviet effort’has been' questmned by other anthori-
tles “In testiriony: June 18, 1975, GIA: Diréctor: William -E:- Colby
‘discussed the dificulty of estlma,tmO‘ Sovietmilitary RDT&E outleys
analysis, of that area was more diffieult than Afor procurement or
: Iperatmg costs:: Liter in tliose hearings the:Director of the:Defense

telligence Agency stated that the United States led the SovietUnion
- in ‘almost’all - m111tary technologies, ‘although' he expressed: concern
about cértain’ areas such ‘as the ‘application of lasers. He also agreed
that larger“Soviet expenditures /do not: necessarily result: in greater
eﬂ'ectlveness 26 Dr: Frederick Seitz, President of the Roekefeller Uni-
' ity -5’oﬁ’ered ‘thiese ‘cominents- rduring an eddress to ithe: Genera‘l

of a classﬂied but of 4 somewhat pmwleged Hoviet’ analysm of their ownl prohlems
connected’ mth ‘thefi: expendltures for:scienice and technology. The issuds which
appeared in it-weré ia complete duplication-of our ‘own, I-think ‘theyre entering
into:.a -phase - Where _t ey; realize . that they camlot double the expendnures :Eor

{ De art-
ment is_overstating the nature of the Soviet effort in' military ]gech-
nology # Congressional distrust of. Penta,gon tactics is deeply ingrained.
A particularly sharp critique, delivered by Senator’ McIntyre, identi-
fied the prlme causes. of public .and’ congressmnal skepticism as the
Penta,gons “incessant cry of wolf, their indiscriminate appeals to
scare -tagtics, their. unwillingness 16 do the difficult task of judging
priorities. . . .” Senstor McIntyre proceeded to tebule the Pentagon
for advoeatmg “ill-conceived, indefensible, extravagant, and redundant
programs on-the basis of testlmony which often lacks candor, 2CCUTACY,
or even a decent respect for, the constltutlonel status of the Contrress
of the United States.” %, ... ‘
Tn an effort. to evaluate the a,ssertlons of the Defense pa
Subcomn:uttee staff will often check with outside sources, present. those
guments to the Pentagon, and then go back to'the outsiders with the
Pentagon’s rebuttal. A budget request carn also be eﬁ'ectwely analyzed
by : comparing. different departmental statements in order to Judge
them from the standpoint of overall coherence, consmtency., and in-
tegrity’ of: the budget. justification. The objective of the search is to
build a more: bala.nced_ and: rehable plcture—-—dlscovermg “truth
through driangualation.’ s . -
:Deterite and. Arms Oontroz —-Accordmg to, the Pentaoon, the Sowet
threat has not-been alleyiated: by contemporary pohtmel accommoda’
tions.-Detente; for. example, was not a reason for the- United States
to-redude its R&D efforts in military weaponry. ‘On the contrary, as
Yshortsterm tensions;between the super powers may be eased, Ionrr-
range teehnologlcal and.. economic competition will, _persist and' i
tensify. Renewed emphasis must:he given to resources that we apply
to'long-term security” (2639); Neither did the Pentagon regard recent
arms control agreements as a justification for cutbacks in military

R&D. Beeduse: the Viadivostok agreement. 11m1ted Hotal numbers of
a0’ Allooution o Resviirics in t?ﬂe-fSoMet “Undgw i 1

int Beonomic,Committee, 94th Cong., 18t Séys. 32 (1 ) :
Jnf}l E‘mf?u%zfﬁzg Governmental: Perj'o:mfance O‘htm TR ‘Chellenges }'or GA.G ‘- gerles: Df

lectures delivered at the Uniteq States General Aecounting Oﬂice, 1973~ 1975 (Washington.
D.C.. Government Printing Office, 1975) at191-92;
%'} 91 Cong. Rec., 818928 (daily ed. Oct. 29 19'75)

i
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test ban {reaty of 1968 and ‘the SATIT Agreenient of 1972 made. it
nécessary to “assange dormestic ¢ritics of thesetreaty agreements by
promising a ' vigorous reséarch axid development program.” = o
- Bargaining Ohips—The previous statement by Dr. Currie suggests
2 “pargaining chip” policy. R&D ‘efforts are to be accelerated as-a
mieans of ericouraging new constraints on weapons. But E. C. Aldridge,

Jri; Deputy Assistant Secretary of:Defense (Strategic: Programs),
£01d the ‘Subcommittes : “We do-not have, to my knowledge, any: pro-

grams ‘in“our-request that ‘are called ‘bargaining chips.- A&ll have stra-
tegic significance” (2145)% This is‘ambiguous ‘in the sense- that bar-
gaining chips'themselves could be said to have “strategic significance:”
Infact, Dr. Currie later‘gave this advice to the Subcommittee: “while
not readily ‘admitted by defense witnesses, there:is yet another eom-
plication in this problem involving the identification of options, for-
merly referred to as'bargaining chips or'SALT chips; those programs
which primarily, if-nlot solely, are to be traded away in our negotia~
tions with the Soviets” (5123). ) T e
“Different: ¢pinions exist within' Congress as ‘to the effectiveness of
bargaining chips: Some Members suggest that congressional support
of the Safeguard ABM systein prompted the Seviet Uition: to agres to
" the "1972 “limitations. : Others-reject ‘that-explanation. During a 1975
debate’ Senator Mondale maintained that it'was congressional “mis-
givings and opposition? that led to a steady curbing of the ABM pro-
giram i ““Thaf restriction, coupléd with & realistic assessmient on-both
- dideés abeiit ‘the limited value of ABM’s, lad to the sgreement? 33: .
" In its reportof September 1974, the Committee’for Economiic Des
velopnient: tirged Congress to be “doubly cautious™ about:authorizing
any defense system’ that is justified prieipallyin terms of its‘bar-
gaining value: The Committee stated that Congress could participate
1 such 8 process “only by letting itself be ‘deceived, by deceiving its
constitiients, or by some-congressiien deceiving’ others, Thers are
certain'diplomatic tactics' for which the legislative branch of govern-

mherit:in a detiideratic society is just not suited.? ## 2

©Soviet Managomens

~“Deputy-Assistant Secretary Aldridge identified centralization and
vertical ‘structure’ as-the characteristics of the Soviet R&D :system.
While those features permitted the carrying out of high priority R&D
programs,’they also’ encouraged “some:duplication and some wasted
resources s each of the Ministries. tries to be independent” (1714).
- Defense Secretary Schlesinger told the Senate Appropriations Com-
mittee:in 1975 that Soviet reforms:to centralize the R&D effort “have
not as yet-succeeded totally. Measures to tighten theinterface between
science, technology, and ‘production continue to meet bureaucratic re-
sistance.” ** This contradiction between centralization, on the one hand, -
and 'independént Ministries ‘and :bureaucracies on the other, has not
been clarified by published hearings, =+ 0 oo el T

[

a2 Harvey ‘Brooks. “The Military Innovation Systeﬁ a’ﬁd.t.he -Quﬁnfitafive Armé...l.mc-e,'!
Daedalug, Summer 1975, at.75.. |, .. ... . L e . .
-2 121 Cong; Rec., 89492 {aally'sd, Tuie s 1978). et : v
u gangrgasw;qlfl)ﬁc;sio% jiakﬁ@g‘#l}'}’atio};?l' gcyi_m‘.tgj,’at 35-87, 0 R

Depariient of Defense Appropriations, Fiscal Year 1976 (Part 1), hearings before the
Senate Committee on Appropriations, 94th éong.,' 1at Sess.,-220( (-1975))." heariugs hefore,th

et
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the programs‘that have been approved.” * The Pentagon has begun to
provide in-house Jaboratories with: “blockfunding” for grea.ter manage-
ment autoncmy and responsibility. (2648): The Pentagon’s “Statement,
of Principles for Department of Defense Research and Development,”
Ywith regard to program management,encourages delegation “wherever
feasible” (2769). An assistant secretary told the R&D Subeommittee in
1975 that the Navy’sresearch and development program- depended. not
s0- muchiupon. him-as upon the “performance of the decentrahzed
prO]ect manager organlzatlon to do t].’lB]Ob” (2969) B

In addition fo the ‘threat from the*Sow ,<Un10n, the Department of
I)efense put. forth a number of other arguments to support its R&D
budget request. The Currie justification statement in 1975 discussed
events over the last year that signalled a world of changing leader-
ship, power status and #ccess t,o raw materials: “This requires that
Defenge R&D be broadly based and fexible so. tha.t it can produce op-
tlons for unpredictable contingencies?? (2639), -

- Although- Dr.: Currie: stited that-R&D" programs were proposed
“solely on’ their ‘diréct’ contribution to national security objéctives,”
and that there is “no other purpose” for defense R&D, including “civil
econoiic reasofis;” ited Congiéss and the pubhc o understand
that’ “an erorimous‘eivil botius” restlted from defense R&D. The mili:
tary. ‘effort haid given impetus to Such new industries’as jet enpgines,
computers, anid ‘niclear power: THe Tequiréments of the Défense De?
partment ‘served rulate! the"‘“exploratmn and mdstery of ever
réewer frontiers*of! ology ™ (2639). Later T reminded’ the’ Sub:
‘committes thist defense‘technoloay supported thie “criticdl early devel:
oprmeiit of!; riany techriologies that are now part of ‘our’everyday ex:
perience and important elements of our éfonomic’ ‘shrengthi” (26725
That is a delicate argument, for to press the point too strongly can
create the impression-that the Soviet'threit is msufﬁclent to ]ustlfy the
entire R&D budget. .

“Analternate 3ust1ﬁcat10n 1nvoked the | images of natlona,l rlde and
natlonal cha,racter In‘explaining the Amemcan ability to apply sciencs
top ; D, Cuirie pomted to three characteristics: national
style,” 1 'institutions. For the latter, the availability of
both mfhouse laboratories and Federal Contract Reésearch Centers
served s Tinks between the Defense Departmernit and the universities
and. 1ndustry Ingentives were also impoitant, for they offered pay and
preshge td.successful individuals ahd profits to corporations. But Dr.
Currie’s descrlptlon of natmna,l style was partlcularly mtrlgumtr

Modern Amenca evolved from ;¥ fmnt'ler soe1ed:y The: fronﬁer ‘today, lies in
qc1ence and technology, and Americans remain anxious to reaeh out.and. explore

“We havea com’petltwe gociety, and seience and technology ave highly compétitive.
Individual initiative is _our hallmark. There is a boldness, a willingness to set

high' g‘oals, ‘to risk; and to be conspmuous——m #1088 or'a win—that Has been
d part of our education, Thére.has evolved a Basic con-

fidence 'that investment:-in research and development, ‘coupled-to real ueeds ina

competiﬁve envzronment, will provide. the edge—and it has (2640)

.38 Figeal. Yar 1978 Authorization- for, Mehtary Procurement, Resewmh tmd, stezo ment

Oonstruction Authorization for the Safeguard. ABM, and. Active Duty and Selected eserve

g&rgﬂythss 2(45'%{1: 23, hearings before the Senate Commitf:ee ons Armed Servlces. 926 Coug .
1]
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The committee-schedule for calendar 1975 was particularly- tight
because. of the new congressional budget process. Senator Stennis es-
tablished the goal of Mav 15 for the full Armed Services Committee to
complete action on the authorization bill. Consequently, the R&D Sub-
committee had to report its recommendatlons to the full comm1ttee two
Weeks earlier than in'the past.% ..

"Regarding formal- hearmgs, the. Subcomm1ttee et on s1xteen
separate days from February.25 through April 21, 1975. Except for
March 19 and April 17, the Subcommittee met both morning and

. aftérnoon. Subcommlt'tee chalrman Thomas J. McIntyre was present
for all but one of the thirty sessions: the afternoon of April 15, which
was conducted solely by :staff members. Attendance for other Sub-
committes members ranged from fourteen’ sessions to two sessions:
That was a marked improvement. over. previous years. In.1974, to
provide one benchmark, the R&D. Subcommittee met 35 - times. On
24 of those occasions Senator MelIntyre was the only member present
on'no occasion was he joined by more than one Senator. .

- On days that Senators are present, other duties frequently cause
them to come late to a hearing or leave early. The number of sessions
attended, therefore, is not a,lgways the, best. measure of the number
of- hours “invested. Yet Senators .can also partmlpa.te by subm1tt1ng ,
Guestlons, Laving staff atfend in then' place, conductmor field tr1ps on
their. own, and other aot1v1t1es : _ . : SRR

Multzple C’ommztt : sszgnments

Infrequent attendance reﬂects the 1ntense schedul, | fronts
efich “Bénator. It has been estimated that the average | ongressman
spends one-fourth of each’ week on floor duties 4nd another fourth on
legislative research and responding to mail. ‘Additional timé is con-
sumed by constitutent problems, visits with c:Onstmuents, Teadership
or party functions, writing, meeting with lobbyists, and press work,

radio and TV. That leavés 12 percent ‘of each week for committee
meetings.and another 5.9 percent, for. committes work performed out-
side: of committee. Interviews on the Senate s1cle -suggest, that ap-
proximately 20 percent (and probably less), of a Senators ‘week is
_ayailable for committee work. . |

Sta,ff ‘assistance for the R&D Subcommlttee in 197 5 mcluded Hyman
Flne, stafl, director ; Robert Q. 0ld, assistant.to’ the two. Republican
members ; George Foster, from the full committes staff ; and Charles
Cromwell staff director of the Tactical Air Power Subcomm1ttee
which shares jurisdiction over R&D. Staff members from the Senators’
individual  offices _also assist: Larry Smith for Senator McIntyre,
Douglas Racine for Senator Leahy, Charles’ Stevenson for Benator
Culver, and William Lind for Senator Taft. Mr. Smith has now joined
the staff of the Armed Services Committee. Staff mémbers from the
Senators ‘individual offices estimate that 15-20 percent of their
time is dévoted to R&D Subcommittee matters. Mr. Smith, as assist-
ant to Chairman McIntyre, spent.considerably more time tha,n that—

as much as 50—70 percent of hig“year -In prewous years only com-

- et faprp g
i 121 Cong Rec 89196 (dmly ed June 25 1975) Statement by’ Senator McIntyre
“ Study by John S, Saloma ITT, regrinted in ‘The Job of ‘o Uongresamaﬂ, Donald G
’Tacheron and Morris K. Ud&ll’ second editlon (1970), at 803—30 ) )
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ctive pﬂr' ‘tua,tmn of researeh and development eﬁorts
‘which finally Fesult in major, program termmatlons and waste of re-
search and déve Iopment dollarg.” s .
In & mijor address in 1974 beford the Eléctronies Tridustiies’ Assocl-
ation, Senator McIntyre expressed the.need for greater selectivity in
‘defense R&D, since a program “once initiated becomes most difficult
ito. stop or substa,ntlell'y alter. Ity picks.up. momentum with each step
in, the R&D e ele A service; -or . elements, within a Service,, deve]op
vested progmms demvmg’ from’ R&D begmnmcrs So . do
youwin industry.-So do.we in. Congress Although the. McIntyre Sub-
«committee supported the. maintenance of :a strong technology base
(research. and. exploratory development), it found that such eﬁorts
‘progressedito advanced- development under ; he notionthat the moye
wwas . “tentative.” Then. Congress. is. advmed that labora,tory c'teve]op-
ment has reached its limiits; advancement t6.engineering. development
S’ necessary. to see. if; component teehnology, ¢an be integrated into a
system. Soon the program is on it$ way toward pre-production ¢ coples
-and deployment. Althongh the Subcommittes may betold at each stage
-that options, are open, and that .o, commitment has been, made, 1t 18
difficult; to cancel a program after hundreds of m11110ns of,do!
‘been invested. b erpgtin
“Ferminations; _heuld be frequent 1n the hlﬁ‘h I'lsk Ventu 5 of. n1111-
ta,ry -R&D. Dr. George H. Heilmeier, Director ‘'of the Defense Advanced
“Regearch Projects Acrency (DARPA) told the Subeommiittee that if
At wanted. a.research ‘organization'to push technological frontlers,
achieve- breakthroughs,. end ‘make: quentum jumps, ithe.- orga,mza,tmn
.needed-the “freedom to fail.” Defense. Secretary Schlesinger had given
“him this-advice: “Heilmeier,.if you are too stecessful,, Tam. -going-to
‘think you are:not, doing your job because you.are not pushmg the:fron-
“tiershard enough.” The Defense Secretary had telked a,bout 2, 10- per-
cent; qaroﬂaa}b1hty of-suceess. (3322); 1y ,
¢ DARRA iis a.particularly high- rlsk enterprlse bu‘t Gronp One pro-
E rrra,ms {selection and demonstration of options):were also described by
‘the Pentagon as “often risky—but peyoﬁs {rom sucecess are great.
‘There: w11l be—and. should be—failures;. ...? (2642). Congressman
George H. Mahon offered this perspective on defense R&D :“Of .course,
there are.many. instances where we spend money on research.and do not
et any valuable return, but that, is a gamble you have to take in some
cases’! Dr. Currie agreed “You: know, research; and- development by
it 11_1herent nature is sometimes speculative: It is:not.a sure thing.” °*
¢ . Jf RDT&E.is by its nature a high-risk operatlon, why are there so
few terminations? The record shows that. it is difficult, in.practice, for
DOD to cancel an R&D project. Dr. ‘Currie admltted that there were
““Institiitional pressures” (military services)’ that made it difficult to
_cancel R&D programs. Marginal programs may be perpetuated as a
-result of industry pressures: apphed within Congress as-well as within
Vthe ‘Oﬂice of the Secreta,ry of Defense and the' Servmes (2796—2797)

g apt. 359 92& Conr: 1st Seus g5 (19'71) o
52120 Cong. Rec.. 87 7340-43 (dailv ed. May 8, 1974) As one study noteq, it Mem bers of
Congress conclude that an R&D project ma move inexorably into production, they. may be
reluctant 1o see the project started at all. U.8. Milltary RED Management, Special TReport
'8N0, 14 (The Center for Strategic-and’ Intemational Btudles,’ &eorgetown University,

S partient o} Defeﬂse ‘Appropiiations Jo¥ 19767 (Part 4) hesringi® before the House
Committee on Appropriations, 94th Cong., 1st Sess., 539 (1975).
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- ‘Senator Lee,hy pressed for an answer as to how the Souets woiild
dommate ‘the sea Tanes : “How would they go about doing it? Is it just
becatise they are inta situation where commercla,lly they can offer
better deals, or is it going to be an out and out military thing where
they say these sealanes shall beused orly by Soviat approved ships?”
Vice Adimiral Moran, backstopping for:the Assistant Secretary, re
sponded to Senator Leahy :*“Fou ask fifie"questions. How you exercise
control ‘of the sea, 1s a questlon that is ]ust very. dlfﬁeult to answer”

2965 i & :

¢ Sen)etor Culver cha,llencred the seenario of Sowet domlnance of soa
lanes. He told Assistant Secretary Marcy that the United States had
elected to build fewer, more'costly; more sophisticated ships., The Pen-
tagon then used the-disparity in nunibers to try for budget i in¢reases.
“Now look it;” said’ Senator Culver, “you get awfiilly tived of arguing
first quality- and then’ quantity, and then asymmetrical, and then sym-~
metrical, and then we are not interested in ‘arithmeticy and then we
really are, and you know, it just gets kind of tiresome.” After Sénator
Culver had-raiséd some additional points regarding political develop-
ments; force balance, and strategic options: Adrniral Moran remarked:
that “you asked a few questlons which are bayord the no: 1 ken of
research and’ developmient organizations” (2967). That reply also dis-
turbed: ‘Senator: Culver, forthe Pentagorn 'seemed to wiant it both'
ways. As Senator Culver noted: “I'always find that research-and de-ﬁ
velopment types are very willing to talk about the Soviet threat-:
they ‘are:very willing to talk about how big and bad the Russians: are,'
but suddenly swhen we ask you a’question; to say, all mght smeasure it:
against our eorrespondmg capabilities; you say woops, sorry, that is
not within my jurisdictional preserve We had better walt for t'hese-
:Eoree structure experts” (2968) S A : :

Relatwmth to- Appropmatwm Omnmztteg - e

Pr1er to 1969 the rela:tmuslup fbe{;ween rbhe Armed Selwces Com-
mittee and the -defense. appropriations subcommittes was unusually
close. Richard B. Russell chaired both committees, from 1963 through
1968, while Leverett Saltonstall was ranking ‘minority of both Axr med
SBI'VICBS rand .the defense appropriations: subcomm1ttee from 1959
through '1966. During this period the.two committees, experlmented
with %orms of coordmetmn and cooperation.; From 1964 through 1967
the committees held joint hearings. Senator Russell hoped, the't the
procedure would expedite’ congressional! consideration of the.defense
program and “avoid unnecessarily repetitious hearings,”? both for wit-
nesses.and: for members of Armed ‘Services and the defense appropria~
tiong .subcommittee.”* That. approach was abandoned, in part because’
it lefh ‘insufficient time for. questioning by Senators. Another effort to
link the two committees was the part played by W illiam ‘Woodruff, a
member.of the:Appropriations Committee staff; who sat in on: hearmO's
by the Armed Services/Committée in 1968 and 1969 Do :

When Senator Russell becamé chairman of the full Approprm,tlons
Commiittee, in°1969; he wave iip the chairmanship of Armed Services,
followmg the 'Senate custom of not.chairing/ more. than one standlnw

& Dapariment of Defense Appropriations, 1965, hearings before the Senate Commlttees
on Armed Services and Appropriations, 88th Cong,, 2d Sess., 1 {1964,



Senator McIntyre wanted to l«movvr why the R&D, reduction was. not
$56 million, or one-half of the $112 million. “What is the logie,” he
asked, “that stands behind the $122 million #” Sens,tor Ellender 1 replied
that, 1t was the Committee’s. intention. to accoraplish a $500 million
reduction, with part of that allocated to R&D. The McIntyre
amendrient was subsequently adopted by a vote.of 53-83.%°

In 1974 the Senate Appropriations . Committee cut: the defense
R&D budget by $933.2 million, which was 10 percent of the $9.3
billign requested, The Pentagon prov;ded Senator; Mclntyre, with n
list. of 88 items representing hlo'h priority technology programs to be
restored o the bill. On the. basis of that list Senator MeIntyre offered
an “amendment to restore $94:1 million in R&D funds. After receiy-
ing’ assurance, from. Senators. McClellan and. Stennis that the items
Would be, given serious consideration in conference cornmittee, Senator
Meclntyre withdrew his amendment.®

-The:general practice has been for the Senate Appropriations C‘om—
mlttee to rovide: funds, for individual programs.and projects only
ffter they: a,ve_beep euthorlzed by the Ar mied Sexvices: Committee. As
insigted -all the way through that matters should not: be appropriated
for unless they have been expressly authorized: Not.all. Members of
Congress agree with that position, but I think it is a sound one. . ., .9t

An exception to that practice occurred in 1975 when the Approprla-
tions Committee provided $5.6 million to conduct a ﬁlght test of the
Enforcer close ‘support aircraft. Armed :Services had'hield heatrings
on the-aircrafty but only: after the Senate had: completed uetion on “the
authorization bill.c* Senator Goldwater offered an‘amendmént to de-
lete the $5.6 million from the bill. Senator Cannon, s cosponsor of ‘the
amendment; ‘expressed: the view that ‘whilé anthorization ‘of the En-
fofcer may ot be required: in a technical sense “it surely violates the
spirit-of the authorization: process. In fack; Mr. President, if the En-
forcer fundingiis allowed: to remain‘in the’ billy it will Set an uhihan:
Aageable- p1ecedeni: becatsé: everyone ‘with enoucrh politieal’ clovt will
use that precedent as.justification to have’ inelnded iri future- appro:
‘priation’bills: their favorite something-or-other.” In a letter to their
colleagues, Senators-Catinoniand Gioldwaterhaintained that the addi-
tion of the $5.6: million violated the “established practices:and pro-
cedures of the authorization and appropriations process.” The Gold-
avater: anmendment was accepteéd56-32. Kleven members of the Armed
Services-Clommittee voted for the amendment four Voted eﬂamst 1t
andonedldnotvote 83 L e

Members of ‘the: Senate Armed Servmes ‘Conimittes higve: Spoken
openly of theirneed for'additional assistance. During hearingsin'1969
Senator Barry Goldwater stated’that:the Comumittee:lacked time t6
scerutinize Pentagon requests: *We. need. help on 1t 7 i Staff members

%8 1d; at-42035. - ;
,‘ ‘80120 ‘(fong. "Rec S155»21-815526 (daily ed Au ust 21, el e
vier] 20 Cong, Ree: 894 86 (daily ed. June 3 .
28, Rept. 94-448, at 259, ﬂfo:‘cer A.iromj't hearing before the Sena{:e Comm1ttee cm
Armied: Services ‘0dth’ Comz 1st Bess, {19
: 4191 Cong, Kec, S19908-20003 (dali ed Nov. 13, 1975).
o The Military Budget. and National Hconemic Priomtws (Part 2), heariugs berore the
Joint Eeofomic-Committee, ‘914t Cong.; 18t Sess., 471 (196 )
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program managers to allow the Subcommittee to focus moreon broad
policy and strategic congiderations? What might be done to-create
a system of incentives to encourage more realistic agency éstimates
and to ‘instill a deeper sénse of accountability and responsibility in
program’ managers? 0 o cUUman o Rt s
. Errors—even of substantial magnitudes—are likely to occur in-aiy
budget estimates, If it was merely a matter of technical predictions,
errors should fall in some random' pattern: some high, some low. But
“both the competing contractors and the military services are motivated
to put forth'low cost'estimates in order ‘to ‘win dapproval from 'Con- .
gress, A track record for an agency could indicate the extent to which
Congress was being misled from year to'year. =~ -~ "'t

- For example, the General Accounting Office ‘prepared 4 five-year,
record of certain estimates of the Agency for International Develop-
ment. Bach year, when A.LD. éame ‘before the Congress to request
new funds, the 'Appropriations Commiitteés would ‘ask how much
the agency expected to receive in the form of “recoveries” (funds that
are tied up or committed but later made available for agency use).
‘GAO found that over a five-year period’actual Técoveries came to
$433,8 million rather than the agency estimate of $285.5 million. A.T.D.
therefore” had: access to $181.2 millién ‘more than Corgress had
anticipated.®® Once a picture like that "develops, Congress is:in a

position to appropriate less new money and let the agency ‘depend
_ to a greater extent on recoveries,” T VI I T s TR R
Is it feasible or worthwhile to apply some type of five-year record to
'R&D) agencies? On the basis of 4 tiack retord the Subcommittee could
correct for biases that appear in agency budget presentations. After
recomputing to establish the more likely characteristics of the pro-
gram, the committée may conclude that it be gerubbed, curtailed, or
approved with full awareness of probable costs. Subconmimittees operate
on that basis today, but the record is often in the minds of Members
of Congress and staff assistants. Preparation of a more regular and
explicit record would give authorization and appropriation commit-
tees, as well ag individual Members of Congress, a more complete data
base to judge the merits and dimensions of a program request,
This record would not duplicate Selected Acquisition Reporting
(SAR), which consists of quarterly reports fromi the Pentagon on
major programs under full-scale dévelopment. Nor would it duplicate
GA.O’s monitoring of cost increases for major weapons systems; GAO
bases " its product on the SARs.*” SARs are ingufficient in number
(about 50) to penetrate sufficiently deep into the defense structure to
spotlight agency performance. They track programstoo late in their
developmient (basically Group Two programs), and in some cdses fail
to include programs that have estimated costs in excess of a billion
‘dollars.®® Furthermore, termination of SAR reporting usually takes
place when production is 90 percent complete. In contrast, a 5-year

-2 e Foréign -Assistance ond Reldfed Programs Appropriations i Part 3} 'heatingh before
the 'Senate Commitiee on Appropriations, 93d Cong.; ist Sess., 1524 (1973), . . - o
%7 Sed'Genersl Acecounting Office, “Stitus of Selécted Mijor Weapon Systems, Department
of Defense””:B-162058 (May 81, 1974 ). - w00 Loop Yoo lop v Y T ;
. % General Accounting Office, “How To Imgrove,the_ Selected Acquigition Reporting Sys-
tem.”: Department ' of 'Defense, PSAD=75-6 ‘March :27,-1876), at 8, GAO sgtates that
LAMPS, (Light Airborne Multipurpese System).was approved by the Navy in’ September
1978, -Ag’of June 30,1974, LAMPS 'was not on /SAR ‘even though the estimated program
ccost wagSL.5Y2:8 miilon, ;o oop e cor et e batrns IR A

70-801-——76— 4
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courage arms control limitations with the Soviets or trigger an arms
race? What portion of “inflation costs™ are controliable by better man-
agement practices?{ What factors keep alive research projects that
should have been terminated at an earhier stage? How often are con-
tracts modified not for essential performance needs but to reheve con-
tractorsief financial difficalties? s

“While fall hearings could: be: useful for explormO' 1ssues that were
left hanging and unresolved from, the, s spring, other events.are. likely
to compete for thé time of Sehators. During “the' fall of’ 1978, for ex-
ample, the financial, crlSIS of New York City commanded the atten-
tion of Senator McIntyre, a ranking member ‘of the Banking, Housing
and Urban Affairs Committee. And since fall hearings are not re-

quired—Ilike the spring heariigs on the annual authorization bill—

it will be difficult to establish a.- -high priority for them unless com-
m éee members are convmced that they serve a pressmg and urcrent
:nee T . o
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:The mode of exposition:in this paper includes: Statements of some
of the key issues related to the sub-areas of the topic identified by the
Library of Congress staff; observations.on what we know or strongly
believe about these sub-lssues and suggestions for further analysis
that is needed for eﬂ'ectwe pohey—mal\mg and legislative action.

.9, I\IEASURI\YG THE ]]I'FFOTIVENESS or I‘anmL CIVILIAN"-ORIDN TI‘.D '
e e ey R, & D, PROGRM,:S T ST

Smce the meesurement and evaluation process is' €0 oomp]ex and 18
likely to be expensive, we should be sure of oiir reasons for attempting
it. Even in the private sector, where cost/benefit thinking dominates
niost decisionmalking, there are mixed motives for attempting to meas-
re the'output of R. & D. Some managers sincerely want to improve
the R. & D. process by adjusting its oro'amzatlonal chargcteristics; the
resources provided to it, the tasks asmgned the people provided, the
mechanisms for seleotlng and evahiating particiular projects and pro-
grams,’and thé procédures for gettin products and processes out the
lab door and into the market ard the’ f?),otory quickly and ééonomically.
Others are prlmamly curious and only want a superficial evsiluation.
Still ofliers have an axe to grind, such ‘as showing that R. &D. is not
doing its job and that their act1v1ty (egiy marketmO‘ or production) is
not to blame for unsatlsfaobory sales volume, mar’ ket share, new prod-
ucts, profits, or growth. Motivations such as the latter are not-par-
ticularly useful for policy making and improving the overall R. & D./I
‘process, becdise of the atmosphere under which ‘they’ often exist.
They can lead to defénsiveness and obfuscation of the real weaknesses
in the process, which may include: poor “coordination between -funt-
tional areas such as R. &D., ‘marketing, and produotmn, poor pohoy
giidance’ by‘top ‘manageiient§ lack of cleer cut froals or R & D jor
1nadequete TESOUTCES to ydo the ]ob : :

‘There‘are 'many parallels in' federal c1v111an orlented R & D to the
situations deseribed above for irdustry. Tl gre further’ oomphoated
by the political and adimninistrative: processes of government the time
lags in devéloping and implementing federal programs; the diffusion
of responsibility and ability to tale decisions and initiats action, the
uncléar and' overlapping missions of potentmlly competing agencies,
and other factors particular to the public sectot. Tf:thers is a ‘clear need _
and will to perform evaluations of the: output’of FC/R. & D. for pur-
poses of legislation, poliey formatlon, resources allocation, monitoring
the R. &D./Innovation process, goal ad}ustment operatmb procedures,
or organizational arrangerhents, thén T can siy With confidence’that
some better methods of measurérent and’ evahmtlon are avaﬂable and
devnlopable than have traditionally been used. 5 o

At the outset of 'the: attémpts to' feasire, 1t ig 1mp01tant to: diS-
tinguish between two t¥pes of output'from fedsral R. & D. programs,
whether they are 1ntended to be “givilian ‘oriented” or not. The fitst
relates to'the’ prime mission of the agency'or the particnlar: R & D.
program ‘within an agency—the “diréct mission-oriented”’ outputs—-
‘md ‘the other relates to “indirect, or spinoff” outputs.’ThHe prime
missions of ‘agencies deahng with stich fields ‘as: Educetlon, law en-
forcement, stomiei energy, transportation, Health, and: commerds aré
generally directed at particular sectors of the economy or society and
their major outpiits ‘or impacts ard ¥onght’in those particular:; areas.




tlons and may un mo*‘e. p1oeeSS of d;storblon, pmmm?lly ‘diie 4o their
role in the evaliiation of the subsystem and membersthercof. A sug-
géstion which we may adopt from’ the “social indieators’ movement
e tse of multlple indicators'to meagure the output’ of the: sbsysten,
particularly. if the measures vary, in dlﬁerent par’ts of the eountry
(the latter is truein the TE area). .
. The last stage in the chain refers to° relatlonshlp between the out-
put of pa,rtzcular social ‘subsystems and ultiinate measuies ‘of quality
of life and ‘social ‘aid economic welfare. Due to the clirrent tate of
knowledge (or lack thereof), there are’ sevetal “missing datd links”
in prior stages. Therefore, attempts to relate the’ 1mmed1ate outputs of
R. & D! directly to the ultimate measures of QOL are quite tenuous.
There ‘have been numerous attempts ‘to measure the quahty of life,
mamly in terms of & 'set ‘of indicators'or indexes. However, relating
such indicators of ultimate social outputs dix ectly to 1mmed1ate R.&D.
outputs'is eerta,mly an overslmphﬁcartlon of the process at the present
state of the art, since there is little émpirical data to support: the con-
nection as yet. It is/evident that the tracing of the impact of R. & D.
becomes more dlfﬁcult as it approaches QOL Each'stage contains its
own data and inferente’ problems and many mtewemncr processes
Whlch are complex and defy precise analysis, ©
For some agencies, identification of the “social subsystems” indicated
in figure 1 is :Ean‘ly straightforward. For others 1t 1s not ‘The eomphca~
t1on ariges from g nuiber of sources: <
77 Use of & particular process, ploduct materml idea,of bit of
“information from’a given agency is ofteri’ made i an - entirely
“'different area than that intended or efivisioned by the innovators.
.. 'The time lagsare very long in commercialization 'and applica-
_ k_tlon of many Ri'& D outputs'a spe01ﬁc outputs beeome hard to
race.’ : )
S The pa:ths'followed by p&rtmulsf'iiinovatmns' R&D. outputs
.~ s far from smooth or straightforward ; modlﬁcatlon, combination,
" ind 'substitution are common alono' the pat11 of the R & D / Inno-
P yation prooess T
T Tracing and score-keepmcr are compllcated b ‘decrecy, d1ﬂicu1ty
' in identi catlon and meastrement; and lack of a mandate on the
~part of most agencles to-spénd n:mch effort and résourdes on such
-~ tracing; for some 'of those agencies that have tried, such tracing
* is‘oftén cohcentrated on the larcre, visible outputs that have some
. glamour associated with them,, “rather than the full mainstream
' of Tegults of’ thelr entn'e prooram’s eﬁorts (meludmg possable
‘negatwe ones). ~
The assignment of “cred_lt” for' mventlon, mnovatlon or orig-
" ination’ of ‘an’ item that is considered worth’ repertmg is often
“-a matter 6f some. c:ontroversy, for successful outcomes, there is
no lack of claimants {0 major or'decisive contubutlons to then-
success, =
“Thi“generdl 186K "of “entliusiagin“ahd techiiiqries: for Assessing
negative outcomes of R. & D. prograims, i.e. costs to various social
subsectors as a consequence of introduction of new products,
processes, materials, or systems or lack of such introduction.,
Lack of an agreed-upon method of computing costs and benefits
to various subsectors and society as a whole.
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. 'FC/R. & D. Procrass

_Somé results are easy to identify. One can, for example; see nuclear
powerplants and communication satellites (or at least know that they
are up there), New. trangportation equipment and systems, Jaw en:
forcement equipinent;. educationsl materials (e.g. computer-related};
and other “things,” especially ‘big'and ‘expensive oties are easy to:see
and, perhaps, evaluate in a superficial way. Most results of FC/R. & D.
are not very big, visible, or easy to evaluate. Much of the output of
FC/R. & D. programs, whether' directly from federal laboratories
or from the laboratories of their contractors aiid:licensees are in the
form of “in process” innovations, ideas, information; conceptual ap-
proaches, techniques, potentially useful and econoiical materials and
methods of fabrication or services. For this ‘reason, we have been
attempting to probe into an area that we call “embedded technology,”
which is not at all obvious and visiblé;even to the users. Many of the
findings and innovative outputs of FC/R. & D. are tightly embedded
in’ products, procésses, materials, and systems which'are in wide and

increasing use throughout society. Some categories arei i1

Metal forming techniques, w7t s

‘Coatings, including paints: v/ oo T s e s
Design of equipment (e.g. the spinoff ‘of numerically confrolled
machine tool techniques from Air Force contracts-in the 1950%).

Computer progiams,technology, designs, and software. .-

New and improved materials and hethods of making them,

& “Newand Improved components; ' © 0 io o
Management and operations methods for a wideispectrum of

) Systems. IR S I S EEETE -
_ The difficulty with this embedded technology, as with some of the
direct technology discussed abéve, is that it is not-clearly discernible as
a direct, integral unit contribution from'a particular Federal program
or agency. New hardening tehnigues for materials, for example, are
curfently incorporated in thousands of products andthe user and even
the mékers of these produets do not know of or aré not interested in the
contributiony made ‘to’ developing, testing; and improving these tech-
niques by Federal prograims. Any measuremeiit’-system established
for such “noncbvious” R. & D: outputs would have to be arbitrary and
Wwould have 1o probe’deeply in a wide area of the public and private
sectors, This does not mean that such an effort is not feasible or de-
sirable. But it does mean that, if a seriouseffért is madeto meagure the
results of R, & D. on 4’ continning ‘basgis, this iportant part of the
output must be included and resources provided for the difficult job of

detection and measurement, o Sede :

¢ “"When we think-aboust the adoption, application; or utilization of re-
sults from the R. & D./I process, we are sometimes tempted to think of
them as single acts'or single detisions, made at a*point in time in a
monolithic torm, This is far from the real situation. One of the reasons
for the low level of application of the results of R. & D. is that a great

.8, FxtENT oF APPLICATION or UTILIzZATION 0¥ RisvLTs oF
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.4 1Firm’s awareness of RFP, Extent and.level in organization.
= .= Decision to set up program in.organization-on major footing.
. Decision.to engage in R. & D. beyond REP delivery needs.
Deécision to tool et cetera for longer run preduction. . -
Perceived opportunities and costs of specific procurement and
“ ‘eomthereial follow ups: s e T et
- In view of this large set of actions and-decisions involved in. the
-application/utilization phases of the R. & D./Innovation process, it 1s
difficult to make a clear statement about the extent to which the results
of FC/R. & D. are actually applied: Tf we are only: concerned-about
~the final, ultimate application or utilization, without considering:the
réasons why most: {probably more than 9 out of 10) ‘1nn0vat191}s;‘%_fa,‘11
10 beused it the end; we can say that-wvery few R. & D. results,in any
sector, reach full application or. utilization, other than the large num-
ber of routine minor: improvements:in products and production proe-
esses.; Our estimstes in the industry sector are.that fewer than one ma-
jor new product per year per industrial -sector is.about the order.of
magnitude: of success-of ‘indugtrial R. & D..(e.g. a totally new drug,
fiber, machine, or produetion process ). Sirce the objectives of many of
the projects and programsin the Federa] civilian-oriented R. & D, pro-
gramsare;in a-sense, revolutionary; we cannot expect a much greater.or
even as ‘great:a:successrate as the industrial sector achieves for its own
sponsored R. & D: For the main bulk of applications and wtilizations
of FC/R: & D. weshall-have tolook at the less spectacular; continuous
improvementsthat I have éalled, at the beginning of this-paper; “erm-
bedded technology”and-whose measurement. is, at-the moment,; beyond
the state of the art. et o vz wnlad Do 0 0By Lol o f s
Results of recent studies 3 of the application/utilization of Federal
Ri:& D. results: further suggest. the. difficulty. of 4rying.to trace the
réasons for the large.number of failuresto:fully commercialize or im-
plement the results of Federal R. & D, Many of these factors-are well
beyond the control of the Federal Government (e.g. through direct or
even indirect incentives or removal of barriers) and many:of them are
beyond the control ofthe industrial firms:or:local governmental units
who are ‘attempting to make the application/utilization Some of the
10st significant factors from three recent studies:at Northivestern ars
indieated in figure: Gl 1 olun e aniin i e nnraen o gy R Insin
“"Degpite-the largs number -of :factors in figure: 6:which: are heyond
the control of the source or user; there are some which are subject to
changeiby the:Federal Government. Some of them: relate: to the fre:
quency and quality of information and contdct provided by:the sources
of the dnnoyations—the Federal laboratories and their contractors.
Mors will be said R

sabout this in the last section of thispaper:

4. Sone Seecirre Iésves RetivaNT To THE IMER
SR ‘or Feperan Civitian-OrieNrten R..

= If-the output and effectiveness of FC/R: & D. are to-be significantly
improved; certain issues have to be faced and resolved: 6ver the Text
few yeard. Some: of these are issues that have already been considered
{In some cases repeatedly) by a number of Federal agencies; academic
B Qur reseat‘éh""-‘gfdup‘ At No‘fthivéé'terﬁ i ha.s”':"rééently ‘done & ‘ﬁuﬁlﬁer of . étuc'liés of tﬁe
application/utilization of the results of Federal R, & D.—aome of them civilian -spinoffs

from ;nilitary programs and gome of them from civillan programs-——~e.z. NASA and other
agencles,
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“Under lying this issue'are two major questions which can only be re-

solved_ ultiihately at the national pohicy level: ., ...
- How farinto the enterpreneurial and commercmhzatzon process
- can- and should the Federal Government get involved? : -
If there is such involvement, should the Federal Governmen‘t
. «(3.e.the taxpayers) get'a “piece of the action,” along with the other
- parties to the innovation process. (e g the mventors, ‘the entre-
- preneurs, the venture capitalists) .

These questions do, of course, invelve. economic considerstions. Buft
they also, and perhaps more importantly, involve questions of the role
-of government in the market system and how, far it can and should in-
tervene in that part.of it which relates to technolo gical innovation. .

‘The concept of increased “risk-sharing” is widely. adyocated, and
some of-the experlmental incentive programs are a:ttemptmcr 0O assess
the effects of suchrrisk- sharing (e.g. provision of facilities and funds
at variousistages of the Bi:& D./1 process). on the ability and Wllhng-
‘ness of: private investors, a,nd entrepeneurs. to ‘bring innovation:proj-
ects'to fruition. Of: eourse; there is a good: deal of risk-sharing already
being:done. by the Federal. Government, in terms. of direct-funded
Ri&-D., tax concessions. {e.g. the Wr;te—oﬁ of R. & D. as an expense

. rather: than an- investment) , provision of. information on a. free or less-
" than-cost basis, ete. The.question is how: much further and in.what
ways can or should risk-sharing be inereased. The SBIC program;
now well into its second decade, has financed a lot of high technology
ventures which might not otherwise have been brought to the stage
of commercialization. However, not all SBIC portfoho conipanies
have much to do with éxploiting technological innovations and. there
are. questions about whether a large number of “gaod ideas” are not
being funded. Some of the incentives: bemg mveshgated in'the experi-
:rnenta,l programs of NSFand' ‘NBS “involve ‘risk- -redu¢ing more
than “rigk- sharmcr They “provide (or might provide; if -enacted
routinely) 1mp1'0ved technoeconormc capa,blhtles ‘on. ‘behalf -of smiall
ventures; technology transfer ‘officers “and | facilities - (e:g, the new
EDRA program of’ technolovy transfer officersto’ stimlate and speed
_ _;'a,doptlon of "ERDA mnovatlons), and use 'of procurement
jproc dures, regulations, and Tunds to encourage’ innovation in mate-
rials, equipment and systeins purchised by the Federal Government,
in t}ﬁe hope that they w111 eventually splll over mto the commerma,l
mar et. . N : O :

_{; 3. How C’cm We Measswe tke Oosts a,nd Beneﬁts of the FC’/P a‘& D
' Progmms to tfbe Oonsur =

Before We can attempt to measure the: 1mpa,ct o consumers, we
have the’ nontrivial ‘problem: of identifying the: consumers of the
FC/R. & D. results, If we consider:the consumiér 1o be-only the “tax-
“payer” ‘of the “irdan in‘the stréet,” we are-in trouble; because we are
smack up against the ultimate questmn of how:particular-innovations
‘or‘the innovation process as a whole contribute to-or detract from
his'qnality of life, general:well-being; and-satisfaction: This is a task
that is'far too’ comple«x to‘consider:in this narrow area of our society
<called the innovation process. It gets us into a whole myriad of ques-
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versus nonexclusive licenging, ‘which hag become a’ matter of politi-
cal and: social concern ag well as economic and technical concern, Gur
investigations indicate that the mere gmntmg of ‘exclusive - licenses
(now a moot géustion for some federal agencies in view of Tecent court
decisions) does not necessarily determine or strongly influence the rate
at which government-funded inventions will be exploited. Bome of the
other factors.which weigh heavily.in. this area are: )
. (1) Degree of exclue1v1ty range from “completely” non-
LA o ‘exclusive, ie., virtually .no: screening. of . would-be
e ~licensees,;. through various - restrictive conditions for
lloensmg that reduce the, potential set of licensees to a
e “smaller number, to one and only onelicensee.. = .
':(2)--s~L1oense versus waiver: determined. by the relatlonf‘hlp of
onves oo thie potential- 11cenSee WJ’.f‘.'.l.flt the. -Proj ect or progrem that
; i ooyielded the patent. . W
o8 - Size of feesand fee schedules for lloenses L '; B
l Size and capability of the licensing, office: this can ra,nge
.- «from: & part-time person, with prlmarﬂ ‘clerical fune-
“tions, as founddin. some..agencies, . fully-staffed
office’ of -several - experlenced patent and l1censmg
: professionals.i . ...
Policies and. procedures for 1nteraet10n with’ potentlal
¢ licensess: ‘this .can,range from a tight, burea,ucra,’mo

e UHetye igot it-and. you want it” approach toa ‘loose, in-
o ~formal- rela,tlonshlp, in which the licensor and licensees
‘‘are joined -in the mutual: task, of attemptmg to beneﬁt
+ - w9t the economy through lloensmg
© 22 (6) ‘Thé -degree of -aggressiveness. W1th Whmh 11eenses are
R pursued by the licensor: this can range from ‘a passive,
Wa1t1ng -for -business posture to an intensive and aggres-
‘sive campaign of marketing licenses (such as is pursued
by some compames, umversmes, not—for-profits and pro-
- fessional: licensing firms)..... -
) The restrictions with respect t to explon:a,tlon lag before the
il B leensélapses ot isrevolked. -
(8) ‘The restriction with respect. to ea,rnest money” or arnest
woin effortdn: explmtmg thepatent. : '
s .(9)".‘- The’ reportmg and’ d1sclosure requlrements m connectmn
e yyithithe Tieensed s o b sl
(1) The ava,lla,bﬂlt ;and. eost to the heensee of techmoal as-
Sl gigtancs | an lmow how (mcludmg access to the
T e vinventor) e
' "(1_'1) The ‘degree of: follow up by {he hcensor to see that condl-
' - tions of the license.and the commitments. made by the
o licensee and the licensor-are fulfilled. P .
C12)y 'The behavior of the licensor in actually revokmg or modi-
-7 e fying the torms of a license as an ‘incentive” to others
. as well as the immediate licensee, '
{ 13) Re—ne otiation: provisions, which may. depend o ‘bhe path
SRR evelopment of the lloense -and- unforeseen circum-
I ,gw‘: W Sta)nces'l -"‘.l, 'y e 4‘ _..... P e ‘ .
7 From "Prellmin&ry Ideas on an Experiment to Tesb thi’ Eﬂects of Exclusive/Nonexclu-

give Licengin A Report to Denver Research Institute for the NSF/Department of Com-
merce Study, %y Albert H. Rubenstein and Charles W. N. Thompson.
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0 290 I further real involvement in the-process is desired on the
- part:of Federal etvilian agencies, the-legisaltion; regulations,
- iunding, and: reward structure should reflect these desires.. .-
-1 108, Instead: of-an: eccasional: investigation or quick inguiry . into

- -the effectiveness of the:FC/R. & D. process in producing useful
- outputs  for society, 4 continuous;: systematic audit:®. should be

- -established to-provide guidance on how the R. & I)./T process is

- 'working in various sectors and what changes.are needed:to:make it
-oomore:effeetives oo o e T e e
‘None' of the recommeéndations: mentioned: above ican be easily dote
with the flick of a Wrist:or the announcement: of intentions. - The:size
and complexity of the syStem; with all its inherent uncertainty-and
timé lags; requires that a' well-funded, competently-stafled: effort is
needed to specify the exact changes that are needed in: regulations;
legislation; operating procedures; and:innevation: climiate - torincrease
the effectiveness:of FC/R. & D: Clues to many of.the factors:involved;
are given in this paper, but their incorporation into a workable pat~
tern will take a lot of hard work overan extended period, if the situa~
tion is to be improved significantly. As a result of the many experi-
ments and studies supported by the E'FIP program of the National
Bureau of Standards and the RDI program of the National Science
Foundation, there is much information accumulating on the barriers
to-improved-effectiveness-of FC/R..& D. This.information needsto be
sorted. out, integrated;'and utilized-in improved design of the process.

A g Nomh ' on ';'HE-.I.BKGKqﬁoan ¥on Tris Parer

I WOI;'Hd like t6 1nd1<_3ate the basis for the observafions afd recoms-
mendations contained in this paper and to disclaim any pretense of
a comprehensive “state of the art” review of the literature or “hard

rise from my involvement, 6ver the past 25 years,
in research, consilting, and direct: experience with the Research and
Development/Innovation (Re& 1./1)-process:in a-wide variety con-
texts—publice and private, foreign and domestic, large organization
and small, for-profit and not-for-profit, As part of my consulting ac-
tivities, I have been involved, since the beginiiifig of the SBIC pro-
gram, as & director of 2 Small Business Investment Comgpany, many of
whose portfolio companies are in areas of high technology.

Our research on the R, & D./I process at Northwestern (and prior
to that at MLLT. and Columbia) has been supported by a wide variety
of Federal agencies and we have been closely involved in the “research-
on-research” and “science/technology policy” programs of NSF,
NASA, DOD, Army Research Office, NBS, Office of Naval Research,
and other agencies. ’

The observations in this paper, then, reflect a far-from-detached
view of the Federal R. & D. programs in general, although neither
I nor members of our research group—The Program of Research on
the Management of Research and Developmeni at Northwestern—
have espoused particular policy positions relative to the focus of this
paper—The Tflectiveness of Federal Civilian-Oriented R. & D.
Programs.

8 Rubensteln and Geisler, op. ¢lt.
70-~-801—T76——5
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“Pre-ultimate output-indicators

- Productao a.nd marketmg of Vehlcles fueled by gas or 011 from 011-
shale/ coal. . :

Production and ma ketmg of industrial product at lower costs and
inereased variety. o

U Ztmnate output mdzcatom* : L
Decrease in the national, dependency on forelgn enerO'y sources
Improved environmental condltlons
Balance of payments. S
Increased political 1nﬂuence oni ternatlonal scene,
Increased employment in energy industry and: related areas. - -
Decrease in national fossil fuel reserves (a negative indicator). "

FIGURE 5~—~Some outputs of tmnspartatwn A o?: D

Immeclzate Output md@cato'rs - __

Cost reduction.
= Routing improvements:
Safety improvements. . P L
- "Deereasein loss of and damage to goods transported
Time saved.
' Improved energy usap'e '

Pre-ultimate output, indicators

Reduced costs of industrial produets at the factory (due to lower
transportation: costs of raw material and lower manpower costs).

Reduced costs of 1ndustr1a1 products (ﬁmshed goods at end of pro-
ducer -consumer chain).. , T e

Ulttmate output indicators ERUE S AT ‘ RS
Comfort, convenience and sat1sfact10n of passenbers and populatmn.
" Decline in‘air'and ‘water pollution.

Economie ‘growth' (due to movement -of goods and passengers in
Ia.rger volumes, with less spoilage; more safety and inJess tnne)

FIG'URE S—Faotors aﬂ’ectmg the applzcatzon/utzlemtwn of Fedeml
“B. & D.outputs '

‘o(A) Tnnovations from NASA==Performed: o'r--Suppo'rted B cﬁ: D!
where the organizations attemptmg to apply or ut111ze the bechnelogy
‘ Were ‘industrial fﬁrms ‘

- *Fee footnote in Figure g,

¢ From Alok Kumar Chakrabarti, ‘“The Eﬁects o! Techno—Economic and-’ Organizatlonal
Factors, on the Adoption.of RASA-Innovations by Commerclal Firms In the 17,8, North-
western Unlversity, ‘Evanston:' Yilinois, June’ 1972 A Ph. D. Dissertation, See aiso A. K.
Chakrabartl and’ “A1b 1bert "H.- Rubenstein “Inter-Organizational Traunsfér -ef ‘Technology,
IEEE' Transcwtwm on Engineering Manugemmt :lrebrus,ry 1976 vol. EN—23 .
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THE RELATIGNSHID. BETWEEN FEDERAT, HSTATE AND
“LOCAL GOVERNMENT SUPPORT FOR RESEAROH,AND
__fj.‘D'EVELOPMEN R

By WILLIAM D CAREY*

INTRODUG’I‘ION

As this is written, towards the.close-of 1975, research and develop-
ment still touch only the fringes of Federal- State-local relationships
“in: the United States. While: the infrastructure of intergoverninental
‘relations hus continued to:deepen and divérsify and to be the subject
‘of lively policy ‘debate; there has emerged no intergovernmental strat-
“egy sbased-upon - cooperatwe action for anticipating -and resolving
iproblems through R. & D. True, there is a-trickling-down of R.: & D.
“Funds through the-well Jmown ‘marble cake’™ of : :Eedera,hsm—though
10 one can’ conﬁdently measure or déscribe: it—biit this éither repre-
'serits Tongstanding practices: (e.g.; the Agricultural Experimentation
-Stations researcli’ prograiv):‘or is ad-koc and opportunistic. R. & D.
‘have yet to come of age as & sighificant currency in-intergovernmental
-'relatlons, and-they are unllkely to do-so-in the foreseeable future:: - -

The explanationis both straightforward and complex:R: & D, fund-
“ing is & well-settled: Federal monopoly-as the public:sector goes in the
United ‘States. Except for ‘a-few erratic and short-lived: programs
: (Model Cities, UMTA. “demoristrations”) the notion of jurisdictional
“joint'R: & D. finding-has not been attempted: The maze of “cate-
‘gories” 'of Federal: a,ssmta,nce, ¢over a-great deal of ground, but there
‘are no-categorical-programs for R.'& D. The-one Federal attempt to
sfield ‘o program: for technology transfer—the State' Technical Assist-
ancs Proaram—beca,me pohtlclzed and was: abruptly termmated by
-the Congress i 1969, ;

' While it ‘has:never- occurled to Federa,l polmy—makers to propose
‘& systematic intergovernmental: delivery program for R. & D:results,
-neither-have!the:State and local governments: sériously sought ‘onis.
R &D, hasmot been! eyed as a panacea by theselevels of government,
-and there have been'no incentives and tewards tochange their minds.
R &D. are well-understood by States:and citiesto becostly andspecu-
lative areas of expenditure, with distant payoffs at best, and only when
“these units’ ofvgovernment have faced such bafiing pohcv problems as
)enwronmental control and energy: management have -they: begun 'to
‘moveinthedirection of independent research and development funded
‘from their own budgets: On the: Whole they ha,ve been satlsﬁed to leave
'?la,rtre—scaleR &D.to “the Feds.” , S
*Thig is one o! a sezies of apers commissioned by the-Congresslonal Research Serviee
“om ‘behalf of the Joint Economic Committée of the Congress. It reflects the persohal views
of:its author, and should be read as an individual “think plece,” Although the writer is.the
chief operatin% officer of the American Assoclation for the Advarcement of Seclence, the

.paper hag not-been reviewed by the Board of Directors, and:the author bears ifull- personal
, responsibihtv for the statements and 0p1nions which are, expressed
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‘R:& D programs and budgets in 'concert with the State and local gov-
erriments; nor’ a érosstutting R. & 1. budget analysis of the intergov-
‘ernméntal R; & D! Tt can also'be said that there'has been no policy

svessure from the Congress, other than totry to salvage the National
%cience Foundation’s modest intergovernmental scienice program from
policy neglect. In fact, the Mansfield Amendment hasserved to. chill
the policy climate and discourzge agencies from' diversifying their
‘Tissions toideal with State.and'locdl needs,” - = - ' o

i This paper will:not argue that State and local governments shiould
be:flooded: with: Federal R. & D. funds-and:programs. For the most
part, the answers to the dilemmas of these governmental units arenot
tosbe found®in: scientific research as much as in the appleations of
R. & D. results already on the shelf, in ¢changes in' institutional prac-

tices and incentives; and in selected developméntal technology to im-
.Erove basic publicservice delivery with a higher yield‘in productivity :
fire: control and: detection ‘equipment, low-pollution’ waste tréatment
technology; and multijurisdictiondl land use and health care facilities
systems—needs which: comeiwithin the definition ‘of public technology.
Boyond this, State and:locsl governmerts Have’a growing ‘need for
scientific:and techinical copacity—the/in-honse know-how to' cope with
problems of decision making which involve close judgmentsin areas of
scientific and technical dispute or uncerainty: Thege are decision-mak:
ing dilemmasiwhich arise i investment plaiiniiig; energy facility sit-
ing; landiuse contrels; coastal zone management, regulatory procedures
for health and safety, and a wide-spectrum’of ‘standards-setting, en-
forcement,; and: judieial routines: Xf thers 1s one’extremély strong op-
portunity for « new intergovernmental'initiative in ‘seience and tech:
nology, it lies precisely here i ‘thie urgent need to help-State and 16cal
governmentstoacquirethe iniformed capacity for legislating and rule-
making in ¢omplex fields of public policy where scientificanditechnical
questions sbound:A: Federal transfer of monéy is'only'a part of what
is' required;; the ‘generous transfer of expert. personnel, through' the
Intergoveinmental Cooperation  ‘Act process;: could”’ do even’ more, to
augment' the capadity of ‘the State’ and local’ governmients for: coping,
* Leverdging: the massive’ Feéderal R, & D. expenditure to: gain.a
greater yield to-State dnd local governments is‘a strategy miore likely
to- pay, off'thai baginning ‘as' well-meant: but’ open-ended’ categorical
program to-dirmp R.'& D dollars on those jurisdictions; Tn order to
manage a new categorical ' program, the Stite and’ local’ governments
would! Have-to-get up new machineryiand incur substantia] overhead:
If the program called for matching funds, the Statesand cities would
be hard-pressed to p¥ovide them; and‘probably disinclined to do so
beyond. a.token.participation.. On.the; other hand, these junisdietions
could. participate at.low: cost.and. zero. rigk. in.the. early- and, middle
stages.of, Federal R., &.1). program. formulation.and. project. design;
with. expectations, of results. Wiich‘ -ane keyed. to. their adoption: and
benefit. If anything has been learned about “technology.transfer,’” it.is
that the user must.get in. on the act.at:the:start.of the.R..& Dr, help
to define the.questions to-beinvestigated, formulate. both the end.prod:
uct-(or. process) characteristics and, the constraints. (such. as final user
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Has'Provided the Tront-erid ‘capital to’ gt State and ity governmerith
‘up-fo traveling spsed which has eniibled: governors and legislatures
to assess scienfific and technical information for policy making pur:
poses. In'addition, NSF hastried to assémble an aggregated State-lTocal
miarket demand for seience and technology by assisting in the‘creation
of regional tirban networks for defining common néeds and excharging
experiénces’ Considéring the-financial and pélidy constraints within
which NS¥ has been obliged to work, as-well asthe relatively obscure
status'of NSI'in the Federal power lineup, the resilts are impressive.
There now exists a framewark of Staté and lodal know-how-which can
bé kept in place and ‘scaléd up to carry a stronger burden of inter=
governmental cogperation, should things turn out:that way. - But not
even the NSF hag been successful‘in following up its initiatives with
9 breakthrough in intergovernmental relations policy: Its work with
State and local governments has been viewed ‘more -ag a’pattern of
typically altruistic gestures than as a serious new start in.intergoverns
mental affairs. In political terms, NSK hasnot built 4 State-local con:
stituency withssuflicient conviction and self«interest to ‘forde the federal
government' towards a reorientation of its R. & D. arrangements, and
NSF itself is'in no position to play the rolé of advocate even if it had
. an inclination-to try. Its-priorities lie  elsewhere, in advancing the
progress:of science and highér education, and in keeping clean hands
ag'it attempts to'administer the RANN program. Its interest in inter=
@overnmental R.:& D. is a:barely marginal one; though signs of grow=
ing policy support areé beginning to be seen. In: this perspective, what
hasbeenaccomplished has to be ratéd as remarkable.: il v o

~oven . LIMITATIONS, IN: THE STATES |

“If thete are’ fonl-ips in’the Fedéral system which thwart Stite
and local involvement in R. & D. programs, thers are also imperfec:
tions within the State systéms, The Toles of State universities come
to mind. Since the public university is'a creature of the State, a pre-
sumption exists-that these institutions should be valuable sourdes of
scientific and technical sérvice to State ‘and city governments. The
evidence is that things do not work out that way. The universities
have missions of their own to see to. Their R. & D. capabilities are
largely, financed by the Federal Government. Top-flight. university
researchery are typically supported by the Federal grants which they
assiduously .seek. Few incentives and rewards are offered by State
governments which can compete with the Federal varieties, The needs
of-governments are likely to be for quick answers to today’s problems,
whereas university R. & D. is characteristically long-ringe and fun-
damental: Ad hoe seérvices to states and cities tend to disrupt R.'& D,
routinés and. academic scheduling, and are seen as diversions, For
all these reagons, university R. & D. capabilijies are seldonm focused
on state and local government service even thougl,-in some states,
legislation. provides that salary adviances and promotions must be
based in part upon evidence of service to the government. In practice,
this requirement is inconsistently observed, The ecoriomic faculty is
more likely to be found providing consulting hielp than is the physics
or.chemistry department, although' the gradual emergence of inters
disciplinary univérsity centers for environmental or energy studies
suggests an affinity to governmental concérns which misy turn out to
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. the expenditures creditedl to the States} the real effort measure thusis
reduced to:$130 million, in'round: numbers, if one‘is trying to'deter-
mine the degree of ‘State governments, direct, R.'& D. investment
policy. On the other hand, the split'suggests that if a TFéderal-State
relationship did not exist in‘R., &D., modest thoiigh it may be, State
governments: would look conmderably worse:than they do. This opti=
mistic view Tades rapldly, however, when the $130 ml{lmn of Federdl
R.:& D, assistance is compared with a $45 billion total of all Federal
aid to State and local governments in 1978 Three-tenths of one per-
cent of Federal aid goes for R. & D., and as the total of Federal aid has
risen since 1973 to-ah estimated $55° b11110n 101976, while State R.-& D.
expenditures have grown littleif at-all; the fraction of rela.tws Fedérals
R & D. assistance would appéar-tobe. nearly nxicroscopic: ' -

- State variations in thé level and intensity of R. & D. expendltures
are striking: Asthe NSF analysis points out, 15 states accounted for
about: threefourths -of-total ‘state ‘R:-& D, expendltures {(inchiding
Federal R. & D.assistance). The other 35 States spent the remaining
25 -pércent of the R. & D. funds. The distortion 1s worsened by the
fact, already alluded to, that two Stites accounted for 36 percent-of
total Re & D, expendltures NSF-al¢o points out that 13 of tlie top
15 States in Ri& D. spending ranked amiong the highest States in
population ‘and: personal -income,” This clearly: Suo‘ges;ts that ‘taxing
capacity, combined with the-coricentration of ‘problems which grow
out of impacted urban areas, is. a ‘policy. factor ‘in determining 'the
distribution'of Federal/State R./ & D.dollars.-As for where thé R. & D
dollars: were apphed NSF’S tabulafblon 1ndlcates the foﬂowmg for:
1978: ; -

N M:,mom
IBmlogical sclences kin i L o i i IR RIS PP SR SN SO $83 280,
‘Clinical mechcal smpnma el . e e .88, 123
Psyehology, - e S S A . 18,6565
Physical-selenees. - S0 JI0 0 LGl Sn i T e Y, 066
Environoental a(ﬁences B L Y N R L I ULPTS VLN, £ %F...7
MATREMALION waiis o i bimm S mimi e, St b it mtens 13 8609
Engmeermg oy Tl s e e e ;:-30453,
Soeial sciences_ st o o et e e e e P P e e ‘67 145,
Other i ORI RELL I 3 341

263 78

In passmg, it i3 mgmﬁcant that the Natmnal Sclence Founda,mon;‘ ‘
pliees 2 gentle: caveat on the Teliability of these data, observing that:
they are limited: by “definitional problems at the" state level, “whils
the tréend -indicators ‘of growth could * be Hampered - by prior
underreporting.: Mafters are not helped by NSF's negleet of surveys of-
State and loca.l eﬁort Such surveys should be made at least at B-year-
intervals. -+ {

‘When data, for 197 4 become avaﬂable, they are llkely to show a hump
in_State governmént- R. &'D; Spendln% ‘attributable to the energy

crisis.: The Energy Staff of the National Governors Conference, sup-
}éorted by NSF' and: other agencies, operates as a clearinghouse for the:
tate governments’ and maintains a computer bank of information on
all State programs ‘and policies related to energy matters. Accordmg'
t0 NGO :printouts, the States funded $55 million of energy R. & D. in-
1974, and even this total may be understated for reasons of misclassifi-.
catmn Slgmﬁcantly, thls total represents the State’s cwn. fun&mg, and.
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level of local governmiénts therefore dwindles i'apldly from an ap-
parent $40 mll]ion o a more Tealistic $15 million in 1960. Lven if the
aggregate éstimates of 340 rnillion ‘ard taken at face valie, R. & D,_,
accounts for less than one-tenth of one pereent of total local govern-
ment, eXpendltures as the' National Secience I‘ounda.tlon survey pombed'
out. T, lacking any actual data for the ydars since 1969, we assume
another doublmor of aggregate R. & D. spending by local governments,f
the Tatio commes out about the same since total local governiment ex—f_
pendltures have Tisen con51derab1y faster, N
As'Was the case with State governments, the dlstnbutlon of R’;‘& D
spending at the local government level is anything but balanced. In
the 1969 National ‘Science Foundation study, out of 147 reporting
jurisdictions, 10 aceounted for 53 percerit of total R. & D outlays while.
5 of those made up 88 percerit of the total. The highest épenders were
New York ‘City, Boston, Phlladelphla, T.os Angeles County, Cook
County, Lo Angeles City, Baltimore; Chicago, “the Bexar County’
(Texas): Hoepz’tal District, and the Marion County {Indiana) Health’
and ‘Hospital District. Beyond these 10 local governments, the flow of
R.'& D. funds was very thinly spread. In attempting to 1nterpret such
mdlcators, one soon reaches the oonelusmn that R. & D. activity in local
govérnments reflects variations in grantsmanship skills and in percep-
tiong of local officials towards the’ relevancy, or lack of it, of R. & D.-
in.problem solving, However, that may not be the whole. story Other.
factors ‘probably 1neIude an aversion of Federal R. & D. agencies to
making’ grants of research funds to local governments Whlch have no’
track reécord in the R. & D, business, together with apprehensmns about.
accotititability for fund control and concern as well as'to rapid turn-
6ver 'of Tocal elected governments. Finally, Federal agencies have had
a residual sen31t1v1ty to bypassmg State governments to deal directly
with'loeal units which may be at political odds with State’ leglslatures ,
‘While these various prejudices are now out.of date they were amonv‘
the barriets to Federal-local R. & D, .relationships, _
If ‘more recent strvey data were available, they. Would proba,bly:
sliow that Federal R, & D. funds have accelerated  relative to loeal
governments since the 1969 survey. LEAA, EPA, and ERDA are the
most likely:sources of these increases, together Wlth NS ta,rgeted’
funding of city consortiums and ‘sc1ent1ﬁe advigers. On the other hand,
the figeal crunch ‘which has overtaken many, loc “governments has un-
doubtedly led to curtailments of local R, & D). investment. At least one
case in ‘point”iiivelves New York City, which' wiped out-its long-
standing multimillion dollar health research program as an economy
move. I 'its 1969 report, National Science Foundation cited various
“negative influences” aﬁectlng the level of R. & D. activity by Jocal
governments, inclnding madequate findncial resources, lack of qualified
scientifie personnel lega,l restrictions, resistance of departmental per-
gonnel, and Tack of support from elected oﬁicmls Some of these built-in:
barriers. have‘ “bécome” more permeable since’ 1969, however, largely
through patient anid low- key work by the National Sc1ence I‘oundetlon-
in creating capacity in local governments. ‘Having said that, the fact
-remains that American local government is still underdeveloped coun-
try for R, &D. and at least a decade of intensive work would be needed
*to a.chleve sL substantlal dlﬁ"erence m local government eﬁort and




Thlsapfp roachiis onethat the cities-tan be enthusiastsfor, as'evidericed
by the formation of thie Tiban Consortium forTéchnology Initiatives
which iricludes 27 large cities and '8 largé counties—a user:oriented
systemn which has NSF frofit-end funds. Whether PTL, in’the course
ofitime, can hang in thereTong enoughto begin'to assemble aggregated
market: demand for whole:classes of public teéhnology’ remains to be
seen, hut theipotential fordoing it is'teal enough. The contrast with
New York’s RAND group-is a'telling ‘one:‘in the case of PTT the
staffing is predominantly drawn fiom’public service practitioneérs who
have lived and -suffered ‘in ‘State, county, and local governments, and
their ‘faces and: credentials ‘are recogrizable to their clients. They are
not the smooth young 'men’ speaking in' equations or discussing “de-
cision trees” when'they drop 1n on &:coutity éxecutive to talk business,’
nor:do they ridein squad cars or battalion-chief’s cars with clipboards
on:their laps to chart inefficiencies in operations. The emphasis is on’
what the ‘customer wants, not ofi what is ‘good for him. If no techno-
logical revolution gt ‘the ‘State-local level ever results: from PTI% ‘ef-
forts;the chahices gre that R. & D. will maake appreciable gains ‘on the
aceumulated: problems of thasic public services, including ‘the problem
S s e e Tl Srare  LaieTsLaTORES U

- A-critical agpect of intergovernmeéntal R. & D. relations concerns the:
capacity: of state legislatures. A «lose look:at the ‘changing output of
the legislatures: will-show clearly ‘that ‘during the Tast five years the
calendars have featured a sharp:rise:in:bills dealing with:scientific
and:technieal] problems. From'a standing start;the legislatures have

valuted. into.an aréna-of policy controversy and uncertainty with no
preparatiento:speak of. The Federal Government hagbeen largely re-
sponsible; as.ithasspuniofl massive legislativerand régulatory tagks to
the States.as implementing instrumentdlities: A 1975 report (Meeting
the Challenge) by the National Conference of: State Legislatures car-
ries a list 0f 23 .¢xamples.of recent Federal legislation delegating re-
sponsibility for implementation’ to-the States, including the Federal:
é}oail,-Mine:Safety Act’Amendments of 1965, the Natural Gas Pipeline
Safety.Act.of 1968, the Clean Air Act:Amendments of 1970, the Fed-i
eral Water Pollntion Control Act :Amendments:of 1972;"and the Safe
Drinking Water Act:of 1974 But even without this shower of Federal
handoffs the-State.legislitures have been obliged ‘to tackls ‘4 wide
spectrum of scientificand techniedl issues which:have confronted them'
in coastal-zone management, energy:facilities siting; weather ‘modifis
cation, public health, consumer protection; and envirénmesital impact
a.SS&iSmeIlt-iItfiS an{y}verﬂqwiﬁgg-menu.{z::'z{; T _::e ,f,:: Tersiit

- While the Federal: Governmeént! has:shown some: awsretiess of ‘the
wide gap between technological workloads:nrid degislative eapacity,
it has not done very much about it. Only the National Science Founda-
tion, with its very modest resources for:intergoveriimental programs,
has been sufficiently concerned to enter the breach. To the National
Science - Foundation goes-the ‘eredit for advanecing ' seed ‘money to a
handful of State:legislatures for:demonstration ‘projécts i ‘eqiilppitiy’
these. bodies awith: basic analytic staffs withi‘the capability of investi-
i&tmg:-gcmﬁbrﬁe -and technical issues whichibear on legislative choices.

ccording to the NOSL study in 1975, about a dozen States now have
T0-801—76—86 '
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the. State budget.officers comprise a speeciesrof- ehte, the ersonification;
«of the driving force for the modernization:of the. pub i¢- machinery.,
Nevertheless, one can search the State budge offices in- vain.for evi--
.dence of an urge to 111tegra,te R:'& D. into:budgeting. and. planning.:
"Tew. budoret officers have any.interest in.program. planning for R. & Dy
:-:and.- rare, 1s the bu get-rofﬁcer' who.knows what, B. & D. funds are being.
#spent in his State. The situation lias been captured.admirably by Don-
ald Axélrod of the State Aniversity of New York at Albany in the,
draft of a paper. prepared for.an NSE-sponsored workshop at the. 1975;
ameeting. of ‘the. Nationa} Association. of Sta:te Budnet Oﬂicers and
from Whlch the followmg is, excerpted

Tor all the planmng act1v1ty there i¢ only sporadm and fragment&ry attentmn
in individualplans and ‘budgets to the:use .of research: and-technology in solving
the preblemq of ‘the ‘States. The asqessment of the role of technology is simply,
niot ‘an integral part of State planmng and budvetmg proeessc‘; ‘A far as ean be.
ateertdined, no mechanisms have been developed to TeView: systematically the €n-,
tire spectrum- 0f State programs in order o) forecdst: the:impuet of technology oni
these programs, to identify opportunities for the effective use. of:techhology,in!
tlie hght of the néeds of the State, and, ona Priority basis, to fund and, apply teeh-
ology in the solution of specifie problems Only on an ad hoe basis, and pnmanly
in“some’ of the hénlth' fields and in the use of computer ‘technology have- the
Btates formuiated’ specific:eriferia to guide them:in the:selection of s.pprepnate
technolof’y ‘There appears to.be inadequate recognition of the.need in program:
‘planning ToT 2 systematlc, ngorous and balanced assessment of the costs, bene-.
fifg and risks of alternative technologxes, taking into aceount ‘social and economlc
Jconsequences, technical:and’ econgmic” feas1b1hty, the hkehhood of achieving-
worthwhile: results ‘within a-Teasonable time and the overall 1mps.ct on human
!'bemgs and, the physma.l env1ronment

«TThe foregoinig is a-fair statement of how matters stand An the budget
ancl planning machinery-of ‘the:States. From the perspéctive of the
hudget officers, however, theiscene looks different:R. & D. are small

petatoes in the [State’ budget, and"are the concerns-of the program:

agengies: Theroleof the' buzc?iget officer i3 to'analyze the merits of budcret
requests’ which come to him; and: to-defend the:governor against: be-

Arig sold a bill.of gocyds in-the guise of science:and techniology. It is also

‘thie budget: officer’s: business: to-advise the governorisnd the agencies:
L1 performence crltern, and:ito: press for hlgher produet1v1ty and

-cost savings..: ‘

Beience and’ technology, Or: moreraccnretely, R: & D do ot appear

to the State budget.officers té'be strategic-tools of the Kind that a gov-
-ernor needs. to'manage the official business-of the State. Th thelr view,
‘R & I are. funetlens embeddéd 18-program requlrements “and’ they
_gre:taken care of by provramiedmmlstratlon A Towr ryears ago, the:
writer of this paper asked a few of the ablest of the State budget ofﬁcers
how they: WOU.ICF utilize a hypothetical ten new: analysts if they were
given the chance, and. i no-case would they have:giveén priority to.
. strengthenmg the R.& 1. overs1ght resourdes of their offices: The’ wrlter

later met with  NASBO at one -of -its:anniial -meetings; and-in a

plenary- session-asked -three-questions 6f -the assembled budget direc—
-tors: The first question was how many of the budget officers’ knew what

their.State éxpenditures for R..&:D. were. Not  one hand was raiséd.’
- The second question'was how many could get the information: if given
three weeks to do so.’ A single hand: was raised. The. final question was
how marny: thought the information would be useful, and three hands
~went-up hesitantly.- Clearly, an mnovatlon Such a8 & State R & D
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~ Still, when the incentives are present:the States and the Federal
Government, can get together on. R. & D. for policy planning. The
prime illustration probably is the “Texas Energy Adyisory Council
Research Project,” established by the Governor to develop policy op-
tions and recommendations in six energy areas (1)-energy supply stim-
ulation and demand conservation, .(2) environmental and. noneco-
omic igsués, (8) legal and regulatory problems, (4) State R. & D.
-strategies, (5) transportation technology alternatives, and (6) utiliza-
ition of results. Between 1974 and 1975, an apparent total of $1.3 mil-
Tion went into the project, of which $624,000 came from Nation Science
Foundation’s “Research Applied to National Needs” program. State
agencies put in $345,000, universities $280,000, and. private organiza-
t1ons. $60,000. According to a gratified NSF, the project has paid off
handsomely, with five major pieces of State legislation enacted (geo-
thermal production, utilities regulation, mass transit, energy efficiency
labeling, and machinery for. policy. management and coordination),
NSF also.reports. that the Texas project reports received national
attention  and’ were: distributed to over 400 organizations including
State agencies in 11 States. Seen.at a distance, this experience suggests
that a Federal-State R. & D. relationship:can quickly take shape and
‘have a measurable payoff when the-necessary. factors come into con-
vergence: an acute state need, an overriding national interest, politi-
8] sensitivity, timing, plentiful funds, and a.readiness.to utilize re-
sults, Crisis is always a powerful motivator for R. & D., and it works ag
well in intergovernmental relations as in their absence, particularly if
# catalyst such as'a RANN program is available and on its toes, =

.. Ten Lnwrs or: TeomNoroey TRANSTER,

. Intergovernmental relations in R. & D. are complicated enough
without the added myths surrounding them. Qne of the persistent
myths is the overseHing of “technology.transfer” as a panacea for
State and local governments. There indeed: is a potential for sharin
Federal technology with other units of government, but it is a:limite
potential, not an open-ended. one. It is limited by an.array of factors:
the principal one consisting of the fact that federal technology results
from Federal agency requirements, not:from those of State and local
users, Other factors include the “dumping” mentality of federal tech-
nology. transfer organizations, the absence of competent market re-
search as a prerequisite to technology sharing, differences in sophistica-~
tion between sellers and users, cost barriers, and failures to:recognize
the long lead times involved in the:necessary.stages of technology
modification and demonstration. A:general appraisal of the accumu-
lated experience with intergovernmental te;;’g,nology transfer would
reach the-conclusion that it has been disappointing and that.it is.not
likely to get véry muchbetter-under existing premises and approaches.
While there are examples of successful spinoff, close analysis. tends
to show that they are in the regions of low and intermediate technology
and in: functional areas where. there is a close professional affinity
between Federal and State-local agencies, notably health, highways,
and law enforcement. The contrast between intergovernmental tech-
xology transfer on the one hand, and the diffusion:of innovation in the
Pprivate sector on the other, is striking. In the latter case, involving
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tories as-backstoppifiscentérs for R, &
agsistance. o Pl Lo
= This argument wa$ first advanced at the time ‘of the 1972 Message
on Science and Technology by the President; and small gestures were-
made to-implement it, with cernmensutately small enthusiasm. With
the encotiragement of National -Scierice Foundation, a Department of
Deferise Laboratory Consortium ‘was informally assembled to provide
limited technical services to civilian agencies and state-local govern:
ments. This represénts’ the only network in existeiice, comprising 25-
DOD. facilities, and subsequently augmented by NASA and some
civilian agency R. & D. centers, for a'combitied array of about 50 facili
ties. Surveying the-outputs, one finds that the consortium has delivered
technical sérvices in areas of mine safety, air traffic control, passénger
vehicle safety, medical instrumentation; fire control, law enforcement,
rehabilitation, and medical diagnosis,-On the ‘State and local side,.
some ' defense: laboratories-have-helped with joint research on ‘pollu-
tion control and abatement. While tlie performance is less than spectac:
ulary it is énough to confirm the utility of laboratory involvement i
State and loeal problem-solving. Tt has'not been enough, however, to-
stir the Federal policymakers into action. As things presently stand,.
the Federal laboratory consortiim is breathing hard and going mo-
place. The predicament has been described accurately in a paper by

herman Gee, which readsin part as follows:

Although there is room for an expanded DOD effort, there exist other con--
straining influences. One is the absence of incéntives on the part of DOD labora-
tory ‘managers to become involved in techrdlogy traunsfer activities. No extra
recognition or eredit:can be expected, and only the personal satisfaction of having-
helped alleviate some of our social ills:is offered.* * #* Technology transfer is.
viewed all too often as having little more than nuisance value to the busy
lineé manager * ** DOD technology transfer to ‘date has been oriented mainly
toward other Federal, State, and local government institutions' as potential
technology users, with insufficient:gttention to industry. Thig ¥ * * stems partially -
from trying to aveid situations which may ereate conflicts of interest * * * the-
transfer. of: public-owned technology to: the.private sector 'ls’ where. the. great

promise of DOD technology transfer Hes; .. . . ... . 0 apd gy g
- #,{The problem, however, is not only missing-incentives. Disincentives.
also must be reckoned with. The DOD-civil agencies consortiim has.
never:gotten off the ground because it has been restrained, even leashed,

by policy rulings. Current DOD policy guidelines read this way.:-
-i Tha lexpenditure of‘-m-hoﬁse”éffdi‘ﬁ in any onié: liboratory shall be limited to-
3. percent ‘of: professional ;personnel : * #-* ‘ynlesy express: approval of the parent
military department is granted toexceed this limiti. .., . . T
“The DOD commitment to support the brokerage funection at the National
Science Foundation. shall not exceed 2 man-years per year {hrough fiscal year-
1976, subject to'the continued willingneéss of the Military Departmentsto absorb.
the costy. .+ 7 O S A A B e e e
“With' such grudging guidelines as these, the Tederal laboratories.
are held in check from providing the technical services which' State
and local governments could put to good use: Vast Federal R. & D.
ceriters occupy the tertitory of ‘the States, unable to contribute tothe
needs ‘of ‘the host”governments because 'of ‘Federal manpower and
budget restrictions-—and, in all likelihood, becanse of apprehension of”
policymakers that' congressional fury wwill be tuthéd on them if the-
laboratories are catight doing something that has not been formally-
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:cotipledin/a produdtive way with the:State and 1ocal users This writer
beliéves-that if process is emphasized as:the’key todntergovernmental
‘relations in Ri:& D.-aiproductive role for:State;and-local:governments
lean be-carefully worked -out oyertime: We have-been-emphasizing the
wwrong things—R. & D.-as a self-fulfilling: prophecy, State and local
spending on R. & D., and technology transfer.as a species of Federal
surplus property disposal. We do not have much to show for it to date,
nor any reason to expect better results in the future.

If the objective is to expedite and increase the diffusion of know-how
and technology through intergovernmental arrangements, some bar-
riers will have to come down and some catalysts be provided. One
barrier is the idea that “R. & D.” means high technology; in the case
of State and local government it is more likely to mean low or inter-
mediate technology. A second barrier is the sparse representation of
State-local operating experience in Federal R. & D. agencies. A third
is the lack of incentives for Federal agencies to assign strong weights.
to State and local needs and preferences, relative to Federal mission
requirements, in shaping R. & D. programs. A fourth is the poor-to-
moderate capacity of many State and local governments for judging
the risks and benefits of applied science and technology, and the inade-
quate resources ¢f National Science Foundation for improving their
capacities. And a fifth barrier is the resistance at the Federal level to
‘making the technical services of its Iaboratories and technology centers-
generously available to State and local governments for joint R. & D.
and problem solving.

In the long run, the largest benefits of Federal R. & D, will result
from enabling State and local governments to exercise meaningful
leverage on the Federal Government’s outlays for R. & D, in the civil
areas. If this is going to happen, a process must be introduced which
gives the States and localities an effective voice in programing. This:
requires Jeadtimes of 1 to 3 years, and even longer waiting times for
the results to be evaluated and put into practice. If this does not come
as good news, there is no help for it. R. & D. have time cyeles whichr
must be understood, even by elected officials who want answers in time
to impress the voters. Intergovernmental relations in R. & D. are
different from other kinds of intergovernmental relations, and the -
reason for it is found in the built-in uncertainty of research and devel-
opment. Perhaps this has a lot to do with the unimpressive perform-
ance of R. & D. as a fast-response remedy to social problems. Put very
simply, R. & D. comes under the head of investmend, not current.
expense. By leveraging the Federal investment, State and local gov--
ernments can expect deferred but potentially high yields,

In the shorter run, infergovernmental policy strategies should em--
phasize a variety of catalysts for the diffusion of R. & D. into and’
among State and local governments. Primary among them is the:
strengthening of know-how and analytical capacity in the Governors”
planning offices and in the legislatures. “Brokerage” arrangements:
for communication and the matching of users and providers, such as:
the Science and Technology arm of the National Conference of State:
Legislatures, regional cooperative consortiums of States and cities,.
and PTT, are solid candidates for further support and diversification
with the role of the National Science Foundation being augmented by
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L DT 1 INTRODUOTTON,

This paiper, prepared for the Congressional Research Service-at the
Tequest of the Joint Economic' Committee of the Congress, is con-
«cerned with the .following questions: To what extent does the Fed-
-erdl (Government support research and development (R. & D.) in
the private sector? How is this support distributed among industries,
Juniversities, research centers, and other organizations? What incen-
itives are theve for private recipients to control costs or improve the
-efficiency of federally funded R: & D. activities? Wy is support of
this kind regarded as being in the publicinterest ¢ What measurements. -
‘have been made of the social benefits of additional investments in
R. & D., both in agriculture and industry? Is there any eviderice of
:an under-investment in particular types of ¢ivilian technology? What.
_mechanismg of government support have been used in other coun-
-tries, such as Japan, France, and the United Kirigdom? Tn the United
States, what are'the major advantages and disadvantaged ‘associated
with each of the mechanisms for Federal support: of private sector
R. &D.? What are some possible approachesto improving theeffective-
‘mess of Federal programs in support of R. & D. in the private sector?
" Needless' to say, we shall havé to treat many of these questions.
Tather cursorily in order to keep the papér to a reasonable size. For
-those who wvant to pursue some points or issues in more detail, a rather
lengthy set, of references is included.: Also, to prevent confusion, it is
Important'to'défine at the outsét what we mean by “research and; de-
-velopment' azid by *the private sector.” The National Science Founda-
tlon’s définition of reséarch dnd development is used here. National
“Beience Foundation ‘includes basic research, applied research, and
development as parts  of research ‘dnd’ development, Bagic resedrch
is defined as “projects which represent. original investigation for the
adyancefient of scientific knowledge and which do not have specifie
-commereial objectives * * ¥** Applied research includes “projects
‘which represent investigation directed to discovery of new: scientific
knowledge and which have specific comimercial objectives with respect
10 either products “or “processés:” 2 Development includes “technical
activity concerned with nonroutine problems which are encountered in
translating research findiigs or other general scientific knowledge into
products ‘'or processes. It does not. include routine technical services
to customers * * ¥ [or quality control, routine product testing, mar-
ket research, sales promotion, or sales service].” ¢ As for the private

Aient, 1959, p. 124,
T rpid 2 .

. 1See Natlonal Science, Foundation, Methodology of, Statistica on-Research and: Develop:




petroleum, drug, rubber, pnma ebals and food 1ndustmes, among
others, the percentage of R. &~ performance that is federally fi-
nanced is much smaller, Thus, just as federally financed R. & D. is con=
centrated ina few areas, so federally ﬁnanced R. &D. tends to be con-
centrated na relatlvely few industries: g

TABLE I—SOURGES OF RESEARGH AND DEVELOPMENT FONDS AND PERFORMERS OF RESEARGH AND :
DEVELOPMENT BY SECTOR -UNITED STATES 1974

lln mllimns of dollars]

Research‘and-De\-.'eloprlrent berfurmerlee. B

- Golleges <Other -

: B : Foderal .- and nonproft e

" ;Source of R. & D. funds - | Government - - Industry --—unwerSItms “organizations i ¢ Total
Fedaral Government. ... : Caso. g el im0 g
INAUSEY o oo miee D iiisliaamm ; coeee 18,7000 0 96 ... .. 120 :

Gollege and unwersntles ——
Qther nonprofit organizations-_

Totaleeemmmmnmmnmnens 490 22,007 703,818

32,045

L Jncludes assoclated federally funded research end development cen’ters According 10 tlle Natlonal
Science Foundation, such- centers ascounted for about. $600,000,000 of Federal .R. & D. obligations.administered
by industry, about $800,000,000 of Federal R. & D. obhgatlons administered ‘by colleges and whiversities, nml
about’ SZDO 600, 0[]0 “of -Federal ‘R, ‘& D. ‘obligations: administered by -other. nonprofit organizations. :

Source Natlunal Smence Foundahon “Mational Pattérns’of R.:&:D.'Resources," ‘Washington,;1975..

FEDERAL RESEARCH ANDDEVELOPMENT' EXPE DlTURES FOR: SELEGTED FUNGT[ONS 1955
- 1970: AND 1972 ;

“[In-miliions-of dotlars] -

Environment..
“Transportatio
'EMErgy convel
Agriculture....
*Economic security_ ...
EUCHION e s mme e emmrmmcmmmmc e ememmemmameeesm—————eamm =

 Golleges and.

Agerl'cy ' - uiversities -
\Départient of Agrmult '." 907 TR
:Department:of Commerce :

oy

:Department of Defense__ Ty
602 o
20 256

:Department of Health, Education, and-Welfar
+Department of the. Interior_

#Department of Transportation Fag ot g
Atemic Energy:Conimission 2. oo B9.. 118l 37%
National Aeranautics and Spa - 130 © 8,275
+National Science Foutdation. .. o, 435 - 0 B2

: ”Télal-' i R/ R Ty

it These f‘gures were estlmated in late 1972' 1“ 1

A Now Energy Research and Development Administrati

"3 Almost $1, GDU 000 000 was spent | m federally fmaneed
suniversities.. . . I

19§guree. "Federal Funds for Research Development and other Sientific Actmues," Natlnnal Smence Foundat:en,
RISy

search -and development centers admmaslered hy ﬁrms or
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cha.nge intherprivatesector but in thepublié¢- sector.Although thereis
unquestionably some beneficial spillover, thebenefits to the pmvate secs
tor:seent. demdedly dess’ than 1f the funds Were spent dlrectly on’ prlvate
sector: problems.t e il i i o i ol o T vl n

TABLE B, —Total Federal obhgmtwns For B. & D: to the 40 universities and colleges
recewmg thelargest amOunts, 1 973

- Millions'| "
Q:114:3 21

TRk cmd unwermty
¥ ‘“WIT
Umversmf of C.alLEorma, San

1221 Lnlvelb].ty of‘Gahfnmla San--'
,49. g e HTANCISEO, s
*46 123 'Colmado e

‘g stanford

4 Hgrvard’ S |24 ke, 20
Bl TUniversity of. Washmgton_ L4 25 Rochester: )
‘6., University’ of WISCDHSIH, | 26 - XeshivRcnoecoe Lecan ol T s 19

... Madison -._ - ‘127 .Cal Tech 18
¢UOLA L _Puldue e~ SO
8" Berkeley - S 4129 TUniversity of Miami__C 18
9 Columbigroo_ tizzooiiaos - 41|30 » University of Texas, Austini+ 16
10 Michigan. oo mesl iie ¢ 87|81+ University ' of* (California,; .-
11. Johns Hopkins_.. . __~____;_;__;';:;; i6.

12 anesota ’

32|88 vlan

13+ 7Cortiell- o 3 - Pittsburgh : 16
14 Chicdgo .Penn | State_.. 16
15 Yale:. UN o :

: Northwe‘st'em 14

£ courser not all of these univer:sitles and colleges a in the private sector According,
6 ‘the*Nationdl: Seience: Foundation about 10 percent oi otal I‘ederal obligations went
to.private eollegés and universities; : :

‘Soukcu:. National Sclence’ Founnat}on, I‘ederal Suppolt to Umversitles, Coilegeq nn&
Seldeted Nonproﬂt Orgnnlzatlons, Washington, 1975. . 'y
~In other cases,the rationale for large federally ﬁnanced R & D.éx-
pendltures is some form,of market . faiture: Tn-the case of: energy, fom
example, it. has. been. claimed that: the. social returns from energy.
R. & D eed, the, ‘private returns-beécause of the difficultiés-faced: by
g firm in appropriating the social benefits from its R. & D.-Also, it has
been argued that:risk aversion onthe part of firms miay: lead to-an
under-investment (from somety s point of view) I R, &D: T urther,
the availability, of energy is:frequeritly.linked t6 our national security.®
In the case of agriculture, the fact that farms are relatively small Pro-:
ductive units-has been used to. justify federally financed R..& D. The
argument that farms are too small to engage in an efficient’ R.-& D=
: effort ‘Gertainly - was more .compelling when . there . were fewer: and
smaller industries supplylng agrzculture But.decoiding to'many: ex=
perts, there still seem to be important-aspects of farmlncr t;hat are not
1eﬂected m obvmus markets for these suppliers, .. .-

- Finally, as.we saw .in table 2,:some’ federally tmsmced R & D is:
dlrected toward the general. advance of science and technology. Such
expendltures seem justified. becanse the: private sector-will almost: cer-
tainly invest less.than is socially. optimal in- basic research. This is
th; §g$tng%nti%ggiq[uoessl dlgguszs%%i—?ng Sé\g&%l;emﬁaa(;ad E?ﬁllst?&gegag ifiiu%gtl‘%f Eét%]?sffig?;fed t%g
returns to the civiliap economy from, several NASA innovations. The results indicate that

thése innovationsiresnlited1n’ benefits to the civilian ée0nomy Bmoun
T or exampie. ses Tiiton [60]. ¥ ting to about $7 billicn,
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A wherever ‘possible,- Although’thesa steps’ wﬂl 1ot solve: the;
¥ hey “will ceﬂt&mly beva: step i ; io

INSTRUMENTS

I‘ederal contracts and grants for R. & D. are by no means the
only way'in which the Federal Government, currently supports Ri:& D.
- gotivities in' the prwate sector:’ In"this section, we:provide :a-brief

{and necessatily sketeliy) description ‘of.some of-the-other 1mporta,nt
o a,ys that ‘the ‘Federal: (rovemment prowdes such support' :

: U.S.. patent. laws grant.: , | :
use 0f. his invention fo; 17 years, in exchange for his: makmg the:
invention: pubhc knowledge. Proponents.of: the. patent system argne
that- these. laws: are, an, 1mporta,nt incentive - for invention, inno-
vation, and early disclosure of new technology.. Critics of the: pa,tent
system stress the social costs arising from monopoly and guestion
the importance of patents as.anincentive in-many parts of the modern
economy. Few critics, however, would go so far as to say that the
patent system does’ not encoumge a,ddltlonal' R & Dein: amt Ieast sotne

1

partsi fo T

ta,x treatment, of mvestment in plant and; equlpmenrt and.in R. & D
were deutral ini’ terms: of-its ‘effects -on. incentives; R..& D Would be
classified as:a capital investment, and .depreciated. :
life. Instead; our tax laws.allow R &.D. expenditures. to. be treated
as current expenses, whichi:means.that they.are made more profitable
relative to other:forms.of investment. Another provision ef the In-
ternal Revenue Code allows the sale of patents to be taxed at capital
gains rates (which generally are lower than ordinary rates}, even
it the person is a professional inventor and in the busmess of makmu
-md selhng patenta,ble 1nvent10ns Tl EUENG i

Sorne aspects of I‘edemli regulatlon seemn to enooumcre R : & ..
‘:ctiwt]es in thé private sector.. For example, with re«ard to the. airs
lines, it “has. frequently. been ‘concluded that: a,ttemprts to:keep prices.
above the. competitive equilibzium level have resulted in.a, ‘high rate,.
perhaps too high.a-rate, of technological change and innovation, Ob-,
viously, however, this is not true of all regnlated industries. For:
example, in the railroad industry, it is frequently clsumed that regu-
lation has dampened research and. imnovations:e.g., in the case: of the
Big John covered hopper grain®cars. - Despite récent studies of the
Averch-Johnson effect, regulatory lag, and a variety of other relevant
- o 'But the competition obvicusly should be real, not just a facade. The encoursgement of
many proposals that have no chance of being aecepted to give the appearance of compe-
titlon merely results In additlonal social waste, See [287.

1 See Markham [31] and Scherer [58]. For n Br!t{sh study, Bee C, Taylor and z sn

i herﬂmn The Hconomic Effects o_f the Patent Syatem, Cambridge, 1073,
1. Qee Weldenbaum [62].

T0-801—76~—T
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AT
Eooxonrcs or GovernyEnt Sueeorr or, CiviLisN
. 'TECHNOLO o -

i revent ‘yesrs, . made some athe
onthe basts of gericral econoniic theory; whether'
istinig’ Federal programg in support-of ‘el
‘quate, Trthis section, We stithmarizé some of the argumentsbearing or
this question.: Po begi withi it is generally’ agreed thit, bécause 1t 18
-often: difficult for firins t6'appropriatie the béhefits that'society recelves
Aot new teck lé%yf, there may be a téridehty for tod few résources
o be devoted to'the developmerit 6f new techniology. Tt is alse generally
aigreed that the exteiit té which thiese betiefits aré appropriable 1s prob-

by "the potential in-

ably: related: to-the extent’ of competition facet: b
novator grd to the'kind of vésediéh or developmie
tion, Tniparticular; the fore competition there
the information, the less appropriabl
grgument is blunted: semeiwhit b shvious fa 0mne inven:
tiveiactivity iscariied on with little'or o économic motive, Cléarly, in-

ventors and: e
cents; !
¢} Heonoinists seami'ts agr
activity, theremay bé'atend :
that many firms’ sesm to' b : risk ‘arid

limited #nd imperfect waysto shiff risk! On the one hahd, if fi
big-enough’-so' that their . program is redsonably large
pared to particulir projects, uncertdinty i8 likely to be handl 2y
effectively. On the othier hand, since thé threat of compstitive innova-
tion is:ahn important stimulus to make firms more willing to sccept the
uncertainties involved in R.‘& D, there are obvioiis disadvantages in
firins becoming too large relative to' the total market. In any event, it
seems to be generally agréed that the riskiness of R. & D is likely to
result in less Ri'&.D. than may be socially optimgl. " 7 7 - °
- 8till ! ancther reagoni why theis miay be an under investment in
particular kinds of R. & D. 18 that they muy be characterized by sig-
nificanit indivisibilities. It other “words, they may be characterized
by-econemies: of scale that preévént small organizations from under-
taking thein “efficiently. This argiment seems mich ‘more applicablé
to: development than to research. It is importdnt to’ récognize that,
while firms may have to be a certain minimum scale to do many kinds of
R: & D, effectively, this scale may bé a relatively small share of the
market, Furthermore, it is important to recognize that small firms
have been responsible for many important innovations, while, many
big firms:Have coficentrated of mote: Hiinor improvement innovations,
Nonetheless; beatitiz these qualifications i ‘mind, it'is often argued
that-some industries are so fragmented, they ¢annct do the proper
amountof Ro& e ¢ 1 o i

S For a discussion of the considerations fnvolved in this and the previou
graphs, see Noll [46]. ) . .
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ST
A

6. MeasureseNT oF Soctar Benprrrs Frouw New TeoHNoroy:
ST N e N QRICOLIURE SenT o et

“"Since we cannot rely solely on @ priori theorizing to tell nse whether
thereis an under-investment in R. & . in the private sector: (and if
$oy whete 'it“is most severe),.we musttirn to the available empirical
studies .of ‘the returns from R: & D. of ‘various types. These results
should. provide some Information concerning what society has received
. from various forms of R: & D. investment in the past. Of course; there
are:a variety of problems in’ measuring thie social benefits from ‘néw
technology.: Any innovation, particularly a’'major one, has effects on
many firms and industries, and it obviously is difficult to evaluate
each one and sum them up properly. Nonetheless, econoniists:have
devised-techniques that should provide at:least:rough ‘estimates of
the social rdte -of return from particular!inhovations, assuming that
the:innovations can be regarded as basically resource:saving inrnature.
-+ To-estimate the social benefits from an innovation, economists-have
used a model: of the:following sort. If the innovation results inva shift
downward inthe supply curve for a product (such as from 8;t0:S, in
figuire 1), they have used the area under the product’s!demand curve
(DDY) Between thetwo supply ‘cirves-that is, ABCEin figure 143
& measure of the social benefit during:the relevant time’ period from
thesinnovation.-If all other: prices remain :constant, this-area equals
the socinl valueiof:thé additional quantity of the product plus the
social value of the refources saved as a consequence:of the'innovation:
Thus, if ‘one-compares the stream: of R: & D. inputs relating:to the
innévation with the stream of a social beliefits: measured in this way,
it is possible to estimate the social rate of return from'the R:.& D.
investment.1®: e R R AT S E e o

Price

o Quisntity

FIG-URE -—Measurement of :Socia'i_ Beneﬁts fmm Technologmal Immvation

18 Sep Mishan [381 and B, Mansfleld, “Case Btudies of the Measurement of-Benefits from
Selentific Information and Technological Innovation,” dpresented at the First U.8.-US.8.R.
Symposium on the Economice of Information, Leningrad, 1975. G e R
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: percent ‘Ariother study; by Fvehson;? uses timesseries data to esmms,te
-the marginal: rate of retuin’ from’ agncultural R:& D, theiresult
being 57 percent. Also, Peterson’s study of poultry R.:& D. # indicates
“that the margingl rate of return for-this type ofagricultural R. & D,
is about 50 percent.: Schultz s study Indlcates & argmal rate of retum
sof 42-percent.28: i qee gl mbin)

In sum, every study csrmed out 1:0 da,te seems: to md1ca;ts that the
-average sotial Tate ‘of return from agricultural R. & D. terids to' be
‘very high; The marginal social rate:of return: from agricultural R. & D.
alsoseems to-be h1gh, generally inithe nemhborhood «of 40 to: 50 per-
-cent.’Of course, as stressed above, these: studies aré baséd om s number
of - s1mp11ﬁcat10ns, and it would +be very- risky: to attach too: much
‘gignificanceto them; since they are roughcat best. ARl that can’be said
s thait the-available: :evidence, for what it may be: worth,’ suggests
{ tha,t the rate. of trsturn from agrlcultura,l R & D has been lugh

INDUSTRY

- Havmw summamzsd the a,vaﬂa,ble results ni:erhiilg. the social rate
of retum from R. & D. in a,rrrlculture, we mitist how provide the same
“information fer industry. Recently, a study was made by Mansfield,
"Rap ort, Romeo, Wagner; and Beardsley * of the returns from 17
.specific: mdustnal innovations. These innovations oceurred in.a variety
of industries, -including primary metals, ‘machine: tools, industrial
controls, construction, dmlhng, paper, thread, heating . equlpment alec-
‘tronics, chemicals, and household cleaners, T‘hey accurred in firms of
quite differént sizes. Most of them are of average or routine: import-
ance, not major:bregkthroughs. Although the a‘mp,,e cannot. be.re-
'ga,rd‘ d as randomily chosen, there is no obvious indication that it is
biased - toward very profitable innovations (socla,lly or- prwately) or
‘relstlvely unproﬁbable ones, ...

" "To obtain social rates of return from ihe mvestments in each of these
inpovations, my colleagues and I used a model somewhat like that des-
cribed in figure 1, except that. we extended the analysis to include the
pricing behavior of the innovator, the effects on dlsplaced 'products,
-and the costs of uncommercialized R. & D; and of R..& D, done outside
the :mnovatmg organization. The results indicate that the median
social rate of return from the investment in these innovations was. 56
Jereent, s very high figure. On the other] ‘hand, the median’ prwate rate
of return was 25 percent.. (In mterprstmg the latter ﬁgure, it is im-
portant to note that hese are! before-tax returns ; bat ihnovation is

: y.Tieh . a,nd detallsd
(da.t;s. concerning the returns from the innovative activities. (from 1960
b0 1972) of one of the Nation’s largest firms. Hor each .year, this. ﬁrm
“has made a careful inventory of the technolog’mal innovations arising
Jrom its B. & D. and related activities, and it has. made detailed esti-
‘mates of the ef'fect of each of these 1nnovat10ns o its profit stream. We

= See Divenson [10].
2 Qoe Paterson 54] B
# See §chuliz [58].
2 See [29). Part of the relevant material will appear in B. Maisfield,. ). Rapo ort A,
Romeo, §. Wagner, and @, Beardsley, “Soclal and Private Return from Industrial nnovu.-
tions, " Quarterty Journal of Econom/nca, forthcoming igsue. Gk AT TP G
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be very higly, Moreover, the marginal social rate of Teturn-also seems
high, génerally in. the neighborhood of ‘30-50-percent. As in the case
of agriculture, there are a variety of very important problems and
imitations inherent in each of these studies. Certainly, they are very
frail reedsion which to base policy conclusions: But recognizing this
fact, it nonetheless:is remarkable that.so: many independent: studies
based on 80’ many types-of deta result i so con51stent o set O:E conclu—‘

8 MECHANISMS OF GOVERNM]]NT Sm?rom IN O'I‘HER COUNTRms

Havmor dlseussed the a,vallable eﬂdenee bea,rmg on whether or nob
there ma,y be-anunder-investment, in civilian R. & D. of various kinds,
we.turn now to a brief description of some of the -mechanisms used in
three-other countries—the United. Kmﬂdem, France, and J ape.n—to
support R & D mthe prlvete sector. - e :

.AE‘TUmtedE.’mgdom _. T

lee ‘the Unlted States, the United ngdom has devoted 3 lerge
share .of its government R. & D. expenditures.to defense and atomic
energy (tarb]e 6). At the same time, however, it has tried in=a variety of
ways to support civilian technology. as well. The National Research

and Development Corporatlon is a public corporation that supports the
- development of innovations by paying part or all of the dewgopment
costs, licenses firms to exploit public sector innovations, and enters into
joint, ventures with private firms. The British Government provides
financial support forsmall firms; research associations, and universities
to further the practical’applications of research. Recently, the level of
this support approximated $10 million per year. In 1970 1t spent about
$10 million to support research associations, In addition, it has engaged
in large programs of grants to.industry for research.on processes, pro-
vided “launching aid” for the development of civilian aireraft and
engines, and lent adva,nced ma,chlne tools Wlthout fee to potent1al pur-
- -chasergior users™ ; . o

‘ Although it is diffcult to evalmte procrreme of thls sort there seems
to be.a W}despread feeling that Britain’s programs, have not heen very
succegstul. This is often attnbuted at least in part, to.the fact that.
the Government has been too inchined to. assume the entrepreneurial
role and to engage in'commereial development activities. The Govern-
ment has tended to,commit itself to the full-scale development of par-
tlcular technologies too soon and too massively. In other words, accord-
ing to many- experts in the United Klnordom and elsewhers, the British,
Government has tended to engage in aetlvltleq that mlght better have
been left to the private sector. 5. R A 1]

ance

There have been a number of French progra,ms to Supnort civilian
technology, particularly in high technology fields or in fields thought
~ to be important for industrial independence. There have been “the-
matic action programs,” meant to coordinate epphed work in 1nter-

2 See Hollomon and Assoclates [20].
% See Gllpizn {18].
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TABLE S—PERCENTAGE DlSTRIBUTlDN OF PUBLIC RESEARCH AND DEVELOPMENT EXPENDITURES DEVOT£D T
VAR[OUS FUNCT[ONS 1968—69

v Other

Military, Ecunomic o AR
e i e 2 feo .1 Spate,: agrlculture o, ,.he - Includmg . -
© 7 “Country--c ¢ R nucle_ar manufactunng environment” ~* univarsnes-j Totalt
Y E R 100
29 100
- 24 100
B9 100
117 100
9 10

-

AN ):1:‘.3 e

“ -] do not surn to tota[
i s, as quoted m anm fal.

l Benause of I'G1.Il'ldl ng errors ltems someu:
Source. QECD st_

TABbE? —RESEARCH AND DEVELOPMENT EXPENDITURES AS A PERGENTAGE OF GROSS NATIONAL PRODUGT 1969-

Country Total R. & D. Nonmll:tary R& D

" United States SRR .

et e
. oS tn=two

Source Sc[ance art’d Technblogy Agency. Iapan as qunted hy Peck 5

An mterestlng fe&ture of, . sa,pan S, technologyxpohcy is- that a very
low percentage of the nation’s R. & D. is. fimanced by government
Japanese industry supports.a much larger:share of the nation’s R. &
D. than does industry in.the United States, the: United Kingdom,: or
France: About, three-fifths of the Government’s R.& D. expendltures
on economic- development are for the programs.of the Ageney of In-
dustrial Science and. Technology, which has run about a dozen na-
tional R. & D. programs on electronic: computers, electric :cirs; isea
water desalting; and other such-topics: The:projects ave chosen on the
basis of their potenmal importance to the economy; and the appear~
ance of market; failure which has.prevented the- ‘private. sector . Irom
carrying them: out. Also, the Agency provides subsidies: (amounting:
to-one-half-of the costs) for partwular development. projects proposed:
by. mdustry This: ‘program is smaller than the prevmusly mentloned
one; its total funding in 1972 approximating $9.million.: % -,

Japan also has used a variety of tax credits.{or. :mdustrla.l R. & D
In 19671t introduced a program wheteby s firm is permitted-a.25 per
cent: tax. deductlon on- R: & D. expenses up: to-the point where they:
represent an inerease of no more than 12 percent over the firm’s highest
annualR. & .D. expenses since 1967, and 4 50 percent, tax deduction on-
additional R. & D. expenses, the maximum tax: deduction- being 10:
percent, of the corporate tax. Further; there is accelerated: depreciation:
for the constructmn o:f: p110t plants for new: tec}molovy, accelerated de-‘
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tnuch-oftheirawork. This is the rote also;taken by the Nationhal Re-
search and Deévelopment Corporation in- Britain and: by some proposals
in:the United States® Tt has the advantage of being. direct and selec-
tive, but it can involve political problems ih the choice of contractors,
as well as problems relative to the disposition of patents resulting from
shich: contracts and grants. At present, different Government agencies
have-adopted: different policies with respect to-patents. Some, notably
thé Department:of Defense; allow the title tothe patent to remain with
the contractor: others, ke the Atomic: Energy Commission, have re-

tained title to the patents. There has been a longstanding argument,
over the relative merits of these different patent pohcles ® SH1 another,
more  fundaimental - diffieulty’ with . this ;mechanism for supporting
private sector R. & D. is that: it is so difficult to estimate:the social
costs:and: benefits ‘of a proposed R.&D. p1o3ect in advance More Wlll'
be:said about. thig'in section 11, -

Third, the Fedeéral Government eould support addﬂslona.l cw:Llle,n
R.&D. by initiating and expanding work of the relevant sorts in gov-
crnment laboratories. This techniqiie hag the advantage of being direct
and selective. But there are great problems in havmg R. & D. con-
difcted by organizations that are not in close touch with the marketing
and production of the product. It is very important that there be une
impeded flows. of information.and good coordination of R.:& D. omthé
ong hand,-and marketing and productlon, on the otlier. 0therw1se, the
R & D, g likely to be misdirected; or even if not, it may be

neglected. or reersted by potential users. This is. a. difficult: enough
pmblem for varions divisions of a firm, and it:-we 1 seem-to be made
worse-if the R. & D is done in-governme 20 tories. Tn the last
decade, many governments have tonded fo convert government, labora-
tories and to increase the amount of wovernment»ﬁnanced R.&D. done
in industrial firms in order to- blmo' R & D mto closer contact Wlth
apphcatlon and eommercialization:® ' i

‘Fouith, the Federal Government could insure poruon of’ prlva,te
credit to_ firms for R. & D. and innovation costs; It is- frequently
élaimed. that. the reluctance of Jenders to-extend -eredit-to” risky and
long term projects is an undesirable barrier-to inniovation. To the ex-
tent that thig 1s the case, such a program niight help to remedy the
sitnation. The government, could, for a fee,. 2%m,re the risk with the
private: lender. :Eer loans fox; R. &D. and related . purposes: The ad-.
vantages of such & progranm are that it would not cornmit the govern-
ment to large expendlture the admlnlstratrve costs would be low, and.
there would be ittle federa] interférence in. the lending decision. The
disadvantages are that it results in a. contingent Ilabﬂlty for the
Treasury, pohtlcal probleme could arise in awarding the loan:insur-
ance, and, most important of all, there is very little hard eyidence that
the. caplta.l markets operate so 1nefﬁc:1ent1y (from a soc1al point,. of .
view) that such a program is needed.®

Fifth, the Federal Government could use its own purchasmg pro-
cedures to encourage technological change in the private sector. As -
shown in table §, the Federa] (Government’s purchases of many kmds

- % See Mansfield [25]
. Bee OBCD {47]..
@ gBee Pleltars [55].

8 Bee Nelsom, Peck, and Kalaehek [45]
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o Beventh; the Federal Government might establish prizes-for:im-
portant industrialinnevations and-developments.-Such prizes would
of course, make privately financed R. & D. more attractive; if a firm
‘or individual felt that a prospective R. & D project might lead to
results worthy of such a prize, the rewrds would appear higher than
without the prize, An important disadvantage of this mechanism is
that it is_so. difficult to figure out which innovations are worthy of
prizes and which are not. Given the enormous problems in measuring
the social importarice of an. innovation, this méchanism 'may not be
as Teasible. ag Thight appear.at first glance AR o

. Feprrar, Prodranms. Dusienep To, Tuion

O Marehi 16,1979, fotiier Président Nix6d, i his Special mieséo,
to the Congress on'sé¢ience and techniology, established three programs
related to Federal support of E. & D, in the private séctor. Ohé was
to'be an analytical program at the National Séience Foundation tosup-
port studies of barriers to technologieal ‘innovation and the effects of
‘various possible Federal policies on these barriérs, The other two, one
to be ‘carriéd out at the National Séience Foundation and oneat the
Nitional Bireau of Standards, were to bs experimental programs to
eterming cffective Ways of stinulating R, & D. in the private sector
and to"provide ekperiénce with incentives that the Federal Govern:
‘ment might use to promote the application. of sciénce and technology
in the civilian sector. In this séction, weé'describe the nature and status
(as of 1975) of these programs, each of which has an obvious. hear-
ingion the topic 6f this report S

&0 A sggssmﬁ‘é

id

"he.National Science Foundation’s National B:
C i TP 1 &Progfp¢m

above, This program analyzes fhe patterns of R. & D, and technological
innovation in the United-States, the incentives and decisions that un-
deylie. these patterns, and the effects of various Kederal policy options
on future patterns of R. & D, and technological innovation in this courn-
try. More specifically, this program attempts. to shed light.en the fol-
lowing 'sorts of questions: ITow are decisions made with regard to R. &
D. and technological innovation? How does government regulation
affect R, & D. and technological innovation ? How do tax policies, pat-
ent_policies, and antitrust policies affect R. & D. and technological
innovation ¢ What are the socisl benefits and cogts from technological
innovations? What are the effects of international technology transfer
on U.S, balanice of tiade and employment? - . . -

-, Lo carry out its worl, the National B, & D, Assessment Program sup-
ports both intramural’and extramural work. A great many of the
extramiural projécts have yet to réach completion, since most of them
were not begun until fiscal 1974. Thus, it istoo soon te attempt to sum-
marize the results obtained to .date. However, it is clear -that this
program will add to the stock of fundamental knowledge in this.area.
For example, some of the works cited ¢arlier in this paper were sup-

ported by this program. It is:to be hoped that a number of the issues
considered in-this réport will be cla i,ged_' considerably by the regults
to be obtained by this program.” 7~ - SR
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methods has resulted in a saving-to the government of $400,000 in.the
case of air conditioners and of $300,00{ in. tHe case of water heaters
purchased in one year alone. Relatively straightforward.changes in
the nuclear, standards. fermulation process seem to have expedited
this process considerably. ‘With régard: to the encouragement of in-
novation in the private sector, the program’s officials feel that progress
has been made. As in.thé case.of the Experimental Research and
Development Incentives Program, it is very difficult at this point
to say what the net effect of each of these experiments Has been and
to tell whether they will result in social benefits exceeding their social
costs. Nonetheless, it seems reasonable to expect that this program will
shed light on a number of the major issues considered in this report.s

LR . H [TV ST PIT S A S O R L N i H
. 11. GENERAL VERSUS SELECTIVE' SupPORT MECHANISM

- In ‘section .8, we.described bmeﬂy some of thie mecha:msms used: by

- the-governntents of Britain, France; and ‘Jdpan to suppoit-R. & D. in

the private:sector. In 'section 9, we ‘discussed:ithe advantages and
disadvantages of various'mechanisms that connld be-nsed in the United
States ‘totincrease; Federal - support of private:sector Ri- & D.y:if this
were deemed desirable, In section 10, we described sevéersl programs
currently being carried out by!government agencies:which should shed
light-on the relative'desirability of some of these mechanisms, as well
‘a8 on-'the «esirability: of -further’;Federal support: for private sector
R.i & ‘D, With'this materidl as. background, we tutn-how to:a.dis-
cussion: of - some of ithe major: considérations that probably’ should
bekeptinmind inappraising the poliey optionsin thisarea. > oo
. 'To begin'with, it seems ‘fair to say that most ‘economists who have
studied this problem have:come-away: with the impression thatouf
-nation’s prégrams in ‘support of 'civilian:technology are ad- hoe, -and
that itis difficult to understand why we have-allocated:this support in
the way fhat-we have: For-example, an-enormous amonnt: of support
has: been' provided:for-civilian “aviation- technology, but -very little
has been provided for railroad technologyi;-an:enorrous amount of
support has been providéd fot'agricultural technology, but very little
hias been provided-for.construction’ technology; and: so on:*(Perhaps
_this.allocation iof support canibe defended; but: I know-of no: serious
attémptito do :so.%{?Also,* many. économists ‘who have written-on this
topiciseemn:somewhat uncomfortahle about the extent to which federal
supportof R. & Di/in the private sector-is related to‘a relatively: few
high' ‘technology:areas: When one! looks-at-federal expenditures for
R: & D performedi in-the-private sector, the data, shown in Table 4;
indicaté-that the lion’s shdre goes to industries like aireraft, eléctrical
equipient; and-instruments. "Yet the: marginal rate of return-from
R. & D: may be higher in legs.exotic:areas: like textiles-or machine
tools than in these high-technology flelds. ~ ©o i o~ fppsing oo o
-1 Tf these misgivings are close to’correct; it is likely that a-geneéral
tax credit for R. &D. would be.a relatively ineffictent way of increasing
federal-support for R. & D. in the.private seetor. This is because, as
pointed: out in section 9, it would reward many firms for deing:what
- they would have done anyway, and it would be likely to encourage the
same sorts of R. & D. that are already being done. A tax credit-for

" @ Tor sété recént digietission of this programm, see Selerics, Séptember

T0-801—76——8
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fining R. & D. {and ‘thus in Jmeesunng ingteases in'Ri ‘& Dr éxpendi-
tures), a tax credit: for dncreages in R. & Di‘spending might be:con--
mdered if it seems desirable to increase ‘féderal support for civilian
'technology £ 'adequate meastires Were available to guide more'sélec-
tive forms of support, perhaps they: glone could do the ]ob but such
measures are presently i thelr mfancy } , :

12 MAJOR CONSIDERATIOVS IN FORDIULATING PROGRAMS

The 0110106 of the general type (or types) of: program is ozzlly .one: of
many: decisions: that would-have to:be-made, if some new federalisup-
‘port-for-R. & D, .in.the, private-sector were deemed idesirable. This
section ‘takes upfive additichal points:concerning rthe: formulataon of
-such a-program. TFirst, to the extent.that such.a program were selec-
tive; there seeris toibeia, ; considerable amount of agreement among econ-
omists that it ishould be néjther largeiscale nor organized on a » crash
basis. Instead, it should be characterized by flexibility, small:scale
probes; and paral]el approaches. In view of the relatively. smillamount
of information that is-available and the great uncertainties involved,
ib-should be organized; at:léast in-part, to. provide information: ‘con-
cerning .the returns:from a larger program.-On-the-bagis of the
'mformatlon ‘that results, a.more informed judgment can bé.hade con-
cerning the. desirability-of 1ncrea,sed or, for that matter, perha,ps de—
creased amounts of support.*®.: aiE

: Second; any temptation to fouus\the program on ewnomlcally heleag-
guered industries. should: be rejected: The fact that-an industry-is:in
trouble; or-that.it is declining; or that it has- difficnlty .competing with
foreign firms is; by: itself; no-justification for additional R.& I:More
R. & D. may not have much payoff there, or even if it does, the, addi-
tional resourcés mayhave.a-bigger payoff somewhere-else iri the econ-
omy. It is important to recall the circumstances under which the gov-
ernment is:justified inaugmenting private’ R & D.: Prictically all
economists would:agres: that: such augmentation is justifigble if the
privite costs -and: beneﬁts derived:: from R. & D. do not’ adequa,bely
reflect thesocialicosts and benefits: But in many industries there 1s little
or'no evidence of 2 ‘serious dlscrepe,ncy of this: sort between>private
and: soeial eosts-and: benefits. Tndeed; sonie’ ‘industiies may spend: too
much from society’s point of view,on R&D: -

Thn‘d ‘exdept 1in:the most urmsual: eirermstances) the gove ment
Should avoid getting involved-inithe latter stiges: of development work,
In’ géneral, this is an ares-where firms are far more adeptthan govein:
ment-agencies; As Pavitt has put-it, government programs-in‘support
of clvﬂla,n it hnology 4should be'minaged on’afi‘inereiriental, step-by-
step’ basis; with the purpose of reducmcr key! selentific and’ techmca]
" uncertiinties to a degred that' prwate firms can use'the resulting kowl:
edge to decide when (with their own-tnoney) they should’' move into
full:seale commereial: development 24 Xlthongh there may becased
where development costs aré so high that prlvate industry: cariitot ob-
tain the necessary resourees, or where it is-s6impértant to our nationsl
security or well-being that a partlcular technolorry be developed that
thegoyérnment must: step’ in, the : it ten.”

. 48 Some. of the, matetin.l in this and the
“db Pavitt [297, p. 1 .
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others 52 1ndlca,te that small firmig end’ mdependent ifiventors pla.y
a large;- perhaps a (11sproport10n&tely large, role in concelving major
new ideas and important ' invesitions. Further, although full-scale
development often requires more resources than siall fisms éommand,
the investment required for deyvelopment and mnova,tlon is seldom 50
great or so risky that only thé largest firms in an-industry:can do
‘the innovating” or the ‘developing. Studles ‘ofthe diug, doal, petro-
leum, and’ steal ‘industries ‘indicate that, in *all-of ‘these industries;:
the firms that carried out the ‘most 1nnovat.1ons, relative o their
size, we,re ‘Tot the biggest firmis. ™ Only in'the-¢liemical industry does
it appea,r “that the largest ﬁrm has done the most 1nn0vat1ng relatlve’
ito " its. gize.s"
The available évidénce does not séem’ £o indicate tlmt wing t ﬁrms'f
devote more resources, relative to their size, to‘inventive and innova~
tive activities than their somewhat smaller competitors. There seems
to be a threshold effect, A firm has to be'a ¢erain size to spend much
on R.:& D.. (as defined by, the National Science Foundation), but
beyond & certain point, increases in'size ho longer bring a proportionate
increase in R. & D. expenditures.®® As would be expected the threshold:
varies from industry to industry, but it appears that increasts in
gize beyond an employment level of about 5,000 employees genera.lly’
.do not result in nmore than proportional i inereases in innovation inputs
-or outputs.. Moreover, there is some evidence ‘that the biggest firms
produce less inventive and innovative output per dolla,r of R. & D
than smaller irms, | -
- Turning from sme of ﬁrm to industr 1&1 ooncentra,twn ( Whlch ca.nj
Pa quite Y different thmg), most studies of the relatlonshlp between
industrial concentration and the rate of techiological change conclude
that a slight amount of concentration may ‘promote more Tapid in-
vention and ‘innovation. For example, very splintered, fragmented
industries like construction do not seém to be able to promate a rapid
rate of technologmal advance.. But beyond a moderate amount of
concentratlon, further i 1ncreases in concentration do not ‘appear to be
agsociated with more rapid rates of techmnological advance. Thus,__
*.the evidence does not seem to indicate that- very. réqt concentration’
must be permitted to. promote rapid technolodl 1 ;¢hange and the
rapid adoption of new technologies.® , .. '
Several other points should be noted. Flrst new firms a,nd firins en-
tering new marlkets play a very impottant’ role in the ] process of tech-.
nological change. Existing firms can be surprlsmgly impervious to
new ideas,and one way that their mistakes and inértia can be overcome
in our economy is through the entry of new firms. Second, cases some-
times. oceur where mdustrles contain such small firms or maa-kets .are,
so, fragmented that technolocrlcal change is. ha,mpered In such cases,
as. we pomted out-in. sectlon 2 (in connectlon with agmcul*ture), it.
may be.good pubhc pohcy to supplement, the R."& D. provided by
the pmvaate sector: Third, it is generally agreed by economists that the
ideal market stmcture from the point of view of promotmg technolo-.
gma,] change is one. charactenzed by a mixture of: ﬁrm S1ZES.. Com—.=

L;Sl:; See Jewkes, Sawers and Stmerman [21], Hamburg [18] Mueller [38] andr Sc‘.herer-i
L P Mansﬂe]d [28] ‘and Ma; : ’ :
-5t Seo:Mangfleld-et al-[29], AL T
& Soe Scherer [56]. A exception’ here is the chemteal industry. '
% See Scherer [561.
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ef‘ﬁcleney ; an importantadvantage. is.that,it involves: less direet gov-
ernment controls An important problem swith-more selective support
mechamsms is-that it'is'so’ difficult to estimnte in advance the: social
' partlcular‘ ypes of R&ED, : ro]eets ‘Tn my own'
opmlon, if a progtam.of this sort were, starbed 4 combination of
selective’ and more-genetal formsiof support: swould be most:effective,
Although many economists suspett' that there may: be-én unders
1nvestment i certain’aréas of civiligii technolovy, there is'at the same
time somse congern that the federal government, in trymg to;improve
matters, could do more harm than. good: In: this: regard, it seems:to-be
generally agreed that any selective program should be neither large-
scale Tior organized on‘a cragh bisis; that it shou__ld not-be focused on
helping beleaguered industries, that 1t should: not ‘%et the government
involved in tha latter stages of development work, that:a proper coupls
ing’ hé'maintained: between techiiology and: the market, and that'the
advantages of pluralism and decentralized- d'eczsmn makmg be
recogm?ed ' . : - N
-In: previeus:sections. of thls pa,per, T have.discussed ( all too brleﬂy)
a variety of policy alternatives that, have been suggested_ for i improvs
ing'the existing federal/ostre concerning eivilian technolog I
as. the broad issues that bear on.the relati 'des1rab111ty ALY,
these policy alterna,tlves .Perhaps the most: mportant point to.empha~
size in this connection is the extent of our ignorance and uncertainty.
There sometimes 1§ 4 tendeneyto‘slur over\" it perhaps 1ot to recog-
nize—the fact that, very little really is known'concerning the effects
of many ‘of these’ policy alternatwes, or-congerning the. desirability
of their effects: (Indee&, in-some» areas, ho-one: rea.lly kmows how to
study these’ questlons effectively; let al tovide answers liere and
oW, ) ‘Given' the ciirrent uncertainties, ould seem wise to pr
with; considerable caution,.and to build into any.program the capamty
and: necessmy torresolve: many-:of the key uncertalnties before too’ b10'
a commitment ismade, - ' ‘
R Al iy important to*recogmze that the natlon,s:basm economic,
policies may have a Totabls impact 'oh R. & D. and technological
change-in-the  private sector. Techmology policy;-aiter all, Tmust: be
integrated with and viewed in the context-of; ou: overall “Geonomic
policy. "With'régard to antltrus't poliey,; which is an important ele-
nient’ of olir ‘basic cconomic policy, the ‘available evidence does, not
indicate;that-we :must: permit:very.great ‘concentration-of - American
mdustry téiachidve rapid teohnologma change" and the ra.pld ‘dopt" 1
of g 'techn'qﬁ : L R
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plementarities : or.interdependencies. exist, among. firms:.of various.
sizes,- There ig:often s division of labor, smaller firms focusing on
areas requiring. sophistication and flexibility. and. catering to special-
ized needs, bigger firms focusing on areas requiring larger production,

marketing,or technological resources. . .: -

.'To sum up; the available;eviderice does.not indicate that, we must
permit véry great concentration.of American industry in order to
achieve rapid technological change. and {the,.rs%)id, adoption of new
techniques. Instead, it :seems to suggest that public policy should try:
to eliminate unnecessary. barriers to entry.and to. promote compstition
in Ameriean industry. At the same time, it is worth noting. that the:
effects of the antitrust laws are not unmixzed. For example, the anti--
trust;laws may veduce the incentives of the dominant firm-(or firms)
in an.industry teinnovate. . ' AT U

3

14, Summary, axp CoNGLUSIONS . : .,

T

In dénclusion, ‘the federal government ‘supports R. & D, in’ the
private sector in'a Variety of ways. In 1974, the federal government
financed about $8 billion of R, & D, carried out by firms, about $3
billion of R, & D, carried out by colleges and universities, and about
g1 billion of R. & D. carried out by other nonprofit organizations. (Of
course, some recipients, such ag State universities, are not in the pri-
vate sector.) Much of the R. & D, performed by the private sector for
the federal government i directed toward 'technological change in
public goods like defense and space exploration, not toward private-
sector problems. The rationale for federally financed R. & D: directed.
at private sector problems is.geénerally that the private costs and
bénefits from R. & D. do not adequately reflect the social costs and
benefits. Besides its contracts and granits, the federal government also
supports and eéncourages private-séctor R. ‘& D. through the. patent
laws, the tax laws, some aspects of regulation, the antitrust laws,
federal programs to transfer technology, and its educational policies,
There. is 10 way to put an accurate dollar figure on the amount of
support from theso getivities, . o . o v
"Due pproprisbility, uncertainty,” and ‘indivisibility of

Dhe he |
R. & D., an under-investment in R. & D. may occur in. the private
sector. But this may be offset, partially or’ fully, by oligopolistic
émphasis on nonprice competition, by existing government interven-
tion, or by other.considerations. Based on simple models; économists
have attempted to estimate social rates of return from various'kinds
of investments in R. & D. and technological innovation, both in agri-
culture and industry. The results seem to suggest that both the mar-
ginal and average social rates of return have been very high, and many
economiists’ have interpreted these results as evidence of'a possible
under-investment in R. & D, However, these estimates siffer from’
many iinportant limitations, 4nd should be viewed ‘with cantion. -

‘There are a variety of ways that the government might' stimulate
additiond] R. & D. in the private sector—fax ¢redits, R. & D; contricts
and’ grants, expanded work in goveriinent laboratories, loan' ingur-
anee-for innevation; purchasing policies with greater emphasis.on. per-
formance criteria and life cycle costing, altered regulatory policies,

and prizes. An important problem with a general tax eredit-is/its’in-
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. stead; the: available evidence seems to.indicate that, when governments-

become involved. in--what is essentlally commer(nal development they
are not very successful atit5®, .

- Fourth, in.any. selectlve government progmm to 1ncrease support
:Eor cnnlla.n technology, it is vitally important that a proper coupling
‘oceur between technology and the.market, Recent studies of industrial
innovations point. repeatedly to the key importance of this coupling.
In choosing areas.and projects for support,: the.government should be -
sensitive to market demand. To the extent that it is feasible, potential
“usersiof new technology should play a réle in/project selection. Infor-
wigtion transfer and communication between the generators of new
‘techinology and the potential users of new technology are essential if
‘new téchniology isito be successfully applied. As evidence of their im-
‘portance, studies shiow that & sotind coupling of téchnology ‘and mar-
keting is one. of the characteristics that is mogtisignificant in distin-
guishing firms that are relatively suecessful 1nnovators from those that
‘are relatively unsuceéssful innovators.”t o 1o

© Fifth;:in formulating any such program; it:is 1mportant to Tecog-
hize: the advantages:of pluralism and: décentralized declslonmakmrr
Tf:the: expemence “of the last 25 years in:defensé R:& D. and elsewhere
‘has taught us anything, it has taught us how-difficult it is to plan’ tech-
nologicals development Teehnologlcal change, partlcularly of a major
orradical sort;ismarked by great-uncertainty. It'is diffieult:to predict
“which of a number of alternatwe projects will:turn out: best: Very im-
‘portant concepts-and ideas come from" unexpected sources. Tt would be
' mistake for aiprogram: :0f this sort torely tooheavily. on centralizedt
planning. Moreovér; it would be 2 mistake if the government attempted
3 t wo k hat pnvateilndustry can do better or.miore. eﬂicl—

' ‘Begides-th cons,tderatmns dlscussed n. prevmus sectlons, it is im-
portant to; pomt out, that. our. general eeOnomIC - pohcws may have .
notable impact on R. & D. and techniological change in-the private
sector. Like other ecoriomic Varmbles, the:rate of. technolomcal change
is-influenced by the.gerieral economic climate. or env1ronment which
intarn-is influenced. by our-general economic: policies. Thus, eur poli-
cies” regardma market structure;: cmnpetltlon unemployment infla-
tion; fereign trade; and.a host of othereconomic matters.are importans
inthis regard. In this section-of this paper, we take up the effects of one
a,spect of our general economic policy, namely, our antitrust pohcles

There has been a considerable amount written by econiomists con-
cerning the, effects of market structure and antitrust policy ion the
rate of. technological change, Although we are far from having final
or, complete answers, the- %ollowmg generahzations seerny Warranted
based on.the available evidence. :

_First, the role of the small- firm is very 1mportant at the stage of
mventmn ‘and the initial, relatively. inexpensive stages of R..& D.
Studles by Jewkes Sa.wels, and Stﬂlerman, Hamberg, Mueller- and‘

Iioc1ee Eads. and Nelso:z [9] Pavitt [49] reports that, accordlng to A recent study hv
Garﬂner the British government since the Second World War has recovered legs than one-
{enth of its ontlays on launching ald for alrcraft and aircraft engines.. .

o See Freeman [12], 'Mansfield,” Rapoport, Schiee, Wagner, and Hamburger [23]. ang
Mansfleld, Rapoport, Romeo, Viliant, Wagner and Husie T297.
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mcrea,ses iR, & D spending w 1d e Teks’ ‘0 ]ectmnable on thske
~ grounds, but it too isifrequently r'eO'arded as ineflicient ‘because it
1s not suﬂimently selectwe To get the’ most’ itapact from g certain lovel
of Federal support,’it seems to be generally acrreed that a, more selec-
tive téchnique Woulél be desirable.” : P
. However, to utilize mdre selective” techrﬁques, S0me. way tiist be
found to determine wherg'the social payoff ‘from’ additional federal
Support‘. is greatest (or at least relatively h1gh) The way that most
economists would approach this problem 1sto fise sonie form‘of benefit-
cost analysis to evaluate the pay-off from additibnal Federal support
of various kinds of R. & D. Unfortunately, although such methods are
of ‘some use, ‘they are not'able to provide very dependable’ guidance as
to how, addltlona.l Federal support for civillan-technology should be
allocated; due in large part ‘to the fact that the Yenehts and ¢osts from
various kinds of R. & D: se- wvery hird 4o forecasti-Asthe Department
of Defense:knows s¢ well, it is difficult indeed to- forecast R.-& D.
costs, And:ieven major: corporatlons ‘have: difficulty: in msing various
formsof benefit-cost analysis for Ri& D. project selection,even: though
they have'a‘muchreasier sbeneﬁt concept to: estunabe than most G0vern-
ment agendiesdo: T i ! : i ‘
~+Thiisy-the .choice between! the general nd moreaselectwe 'forms of
supparf; s notds simple a§ it-may seemiati first: And: when -one:recog:
nizes:that:the estimabes constractéd-to guide; the sélective -forms of
support may; berbiased for parochial, selfishy or pelitical | Féasons, the
choice: hecomes: gven more ‘diffictdt. As- Ea,ds *6ihhs pointed: out;sthe
organizations- and individials that: ‘benefit/from; or have:a: posrtwe
interest inja’certain:Ri:& Diprogram ‘may‘inflate the benefits; estimate
by claiming svarious “secdnidary”:or:“external” behbfity that in’fact
arespurious oratleasbexaggerated. Given thatitis so-hard-to estimate
with reasonable;accurdcy: thé true Social:benefits of wariotis Ri & D.
programs,: the:result could besa distortionrof social ﬁ jorities,sif the
eStimates-are faken geriously:-And:if they arefnot “ta en- senousl yib
Would be:difficult toprovethemowrong.iumn ' -
Another cohgideration: alse bears om: +this ehom@ Asg otede in*sactmn
’7 86me ‘studies  have concludéd that an-industry’s: R & D) expendi—
: tures ‘have b significant.effect on'its rate of product1v1ty itieredte, but
that the:amount of federally-finamced Ri& D. pérformed by an: indus-
try seemis to-have:little or norstich’ éffectt TIn-part; this may be due:to
tha. possﬂ)lhty that output measuresin industries'like aircraft-are not
reliable ineasures ‘of social'value. But it may also: beducito ardiffer-
encé in'the effectiveneds of! Hfederally' finarced anid! privately financed
R. &D. At present;there iy no way totell howmuch of the observed
différence is due to the latter-effelt ; bt ifs 1t Gy outa to be:substan-
tial, this would seemto favor: tax ¢r ; th '
eral contracts and grants.*’ 4 £ !
+To'sum ‘up, although seléetive: fOrms of support have: obwous* ad-
Va.ntages (where they areat 1l approprlate qtrwould 'seem that they
might well be supplemented with:mote geher 1 forms of suppott: Tax
eredits for drcreases in R. & D gspending are less: ob]ectlonable than'a
tax eradit: for R & spendmg .Althoudh the:m are prob ems. 1n de-
" Seo Wads 18],

# For an argument favoring jhe uge Qi tax cr y for Inc
see Boretaky [ 8]0 (o5 witham Lol dnalh ot e SRR G B g arel
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The Natzoml Sc‘aence Foundation’s Ewpemmental Reseafrch amd'
_ i i Defuelapment Aneeniives: P?‘ng‘afm; ”

Th1s mcludes a nurhber of experlmental procrrams Among other
thmws, it has made’ federal Taboratories avail able for performence
Vahdetlon in cases where an entrepreneur obtains a conditional com-
mitment to buy from & pubhc jurisdiction, it hag made univérsity
research capabilitie avallebie to several industrial sectors not cur-
rently doing mu¢h R: & D. it has established interdisciplinary training
and community clinics at several universities for the development of
entrepreneurial talent and the planning of innovations, it has experi-
mented with the use of a structured national system to deliver technical
‘services to small and medium sized cities through the use of a ‘tech-
nology agent, and it has established a training-program and organized
procedure foriobtaining clinical validation of new medical equipment.
" Like the other programs discussed in this section, too little time has
elapsed to be able to say much concerning the nature of the results.
However, one thmg that this program has demonstrated is the difficulty
of establishing experiments that are feasible and suseeptible to precise
evaluation: To formulate an experlment that can shed unambiguous
light en any of the relevant questions is not as easy as it may seem:
To do this, and at the same time remair. within the bounds of olitical
and economic feamblhty, is harder .sti]l.. Nonetheless,; it is to. be
hoped that, when they. become available, the resilis Wlll cla.rlfy a
number of the 1ssues con31dered in thls report o

The N atwnaz Bwreww of Standa.%ls’ Easp
Incentives Program’

" This® expemmenta,l progrem was started in 1972, but’ for various
reasons it was not until September 1973 that & full-time director was
present, and operating:funds were not available until. February 1974.
'This program has focused its atfention. largely on federal Procurement
and: regulation. In'the area of federal procurement, it is working with
the Federal Supply Service to introduce’ life ‘cycle costing and value
incentive clauses iri the procurement 0f power mowers, air condltmners,
hot water heaters, and a variety of other products.; Also, it is working
with' the Public Building Service in the development.of a life cycle
costing methodology for 1 use i1 planning and acquiring federal ‘space,
and with the Veterans Administration’ end the state and local govern-
ments in’experiments mvolvmg performance spec1ﬁcetmns and other
procurement, changes, Tn the area of federal regulation, it is working
with the Nitclear' Reoulatory Commission to see whether the formula-
tion of standards can be expedited, with the Environmental Protection
Agency to see whether it is. possible to reduce the high costs of comply-
ing with regulations concerning the development of pesticides, with
thé Federal Power Commission and the Occupational Safety and
Health Administration to experiment with the use of compnters and
modern information handling technology, and with the Federal Rail
Commission and Food and Drucr 'Administration on other problems,
Finally, it is'also engaged in some studies of eivilian R. & . and of
ways to encourage innovation by smiall business.

"According to the program ‘officials, the results to' dafre aTe’ encour-
aging. For ‘example, they estimate thfl,t the use of hfe “eyele’ cost
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of goods and services'ate very substantial. The Federal Government
could “encourage:‘innovation ‘by using performance criteria, which
specify the desired end result without limiting the design to existing
products, Tatherthan produet spécifications, Proponents:of :perform-
ance-based Federal procurement argue that it ‘will free'industry to in-
novate (limited only by the tequirement that it perform certain speci-
fied functions), encourage cost reduction for the Government, and en-
courage the Governiment:to'sérve as a pilot customer for technical in-
niovations in‘areas where it represents a big enough market or amarket

- gufficiently. free from local restrictions or codes to make'it worth in-

- Primary meta)l industries.:_:2__:

]

dustry’s while toinnovate. The disadvantages of this mechanism are
that performisnce ¢riteria may be expensive to -‘develog{a.nd administer;
and that the procurement process may be made leéss efficient by adding
innovation to. thé list of sociceconomic objectives that' already influ-
ence this process.”? Another suggestion is that the:Government:could

malke greater-use'of life cyele costsiripurchasing decisions:

.. TARLE 8.—Government sales ag @ percent of total sales, 1967 - .. .
Sy Y e
.. to Federel
Government

i v Drodiet Ung VT
Food and kindred products:
TGhACCO THATUF A CE TR il it e S bt Gt i
Textile mill produetsc. i R -
Lumber and wood products_____ ... 77
Furniture and fixtures .. __ . __
Paperand-allied produets. . _i.
CGhemicals:and allied products’_-.

Petroleum and, coal produetS - —mee .
Rubber and miscellaneous plastics products_. -
Leeather and leather goods- i il - . _.___:

Stone,.clay, and: glass productg L.

Fabricated metal products
Machinery except electrical — oo S Y—
Eléctrical machinéry and Supplies. ...l .7

Transportation equipment..ii.;

TOSHUONTE. S oo o s
Misecellaneous mannfacturing...
Wholesale trade- - ——- ...

) 'S'ourc,é_ St}lfdj' Grc@ﬁﬁ 13A b’ii Com.m:érciﬂ;.Proﬁuc‘té,‘ ﬁmﬁz Reﬁoft: tbjtﬁédﬂbmﬁ»iaéiori‘gr;
Gpvemn‘;eft Proourament{_Wgslalngtgn,‘Febr!;a{? 1972{(1)_#2..‘7 i ; ; .. :‘ k ’
~“Sixth, the Federal Government could use its regulatory policies to
try to encourage R. & D. in the private gector. According to some ob-
servers,; some ‘(but by no means all) of thée Federal regulatory agencies
have, tlirough their policies and procedures, tended to restrain or dis-
tort téchnological innovation in the industries they regulate.* Becdlise
g0 little 1% known about the effects of regulation on technological
change, it/ is hard to specify éxdctly what changes might be effective
(and cost-efféctive). Among the,suggésted alternatives are that tech-
niology advisers be located in the regulatory tigencies, and that a.tech:
nology impact statement’be apperided to all major regulatory decigions.
Based -onexisting knowledge, it is hard to say whethér such actions
would Be Avorthwhilese o & i o batan e T

§osbod e g e

i

42 See Davenny [8] and Weldenbaum [62], ) LU e . '

€ For example, former President Nixon, In his 1972 message on sclencé and téchnology,
clted excessive regulation as a barrier to innovation in the United States,  ~ - 3+ af

4 Bee Mogee [37] and Eads [8].
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_precmtlon “or the bu11d1no' of R & D. faclhtles and £6r startup ex-
‘penses_of research_ aesoelatlons, and 2. partlal tax exemption of re-
~ceipts from foreign sale of technology. i

~Most observers seem to, give 111gh marks to Japan’s progrems in
_ support of civilian technology ‘But it is difficult, particularly for out-
siders, to characterize:in a precise or detailed way the nature of:some:
0f these programs, since the Ministry of International Trade and.
“Industry (MITY) has relied on informal guidance and interventiony
as well as on formal controls, to influence the import of technology and:
the dlrectlon of clvﬂlan technology. However, one noteworthy feature
of these programs is that they tended to view R.& D. as merely a- part’
of the entire process of technological innovation, and that technologi-
cal development has been viewed simultaneously with'such other parts
‘of the innovation process as investment, ‘markets, and Tabof . These
viewsicoincide with: the emphasm in many reeent studles of the innova~
tmn _process. ' :

"9, .ADVAN:I‘AGTS AND DISADVANTAGES OF VARIOUS MEGHA\*IS\[S
: FoR FEpERAL STPPORT .11 L

~As stressed in sectlons 0—7 ex1st1ng ev1dence s too weak to mdmate}
with any. degreo-of. eertamty whether fhere is an underinvestment in.
civilian R. & D. of various sorts. All that can be said is.that-prac-
tically all of the studies carried out to date conclude that the average
and marginal social rate of return from:R. & D. have tended to be very
high:: Nonetheless; most economists who have studied the question
seem to feel, ‘on the basis of the existing evidence} that it islikely that
some undermvestment of this sort ezusts If'so, it is important:to con-
sider the various means by which Federal support for civilian R. & D
might beincreased. In this section; we disciss the major advahtages
and disadvantages associated with each-of 2 number of mechamsms for‘
F ederal support of private sector R. & D. e

- First, consider tax incentives for prlvately ﬁnanced R & D Perhaps
the most important sdvantages of this mechanism are that it involves
less divéet Governmient’ contro] than some of the other techniques, and
that it ‘would be’ relatlvely easy to administer. Tts most important- dis-

advantages’are that it would reward firms for doing R. & D. that they
* would have:done anyhow, that it would not help: it that Liave no
profits, and that it would be likely to encourage the sarne kind of R. &
D. that is already being done’ (rather than the rhore radieal and tisky
work where the shortfall ifiit exists, is likely to be greatest) ., Further-
more, according to est1mates made by former Secretary Peterson of the
Department: of Commerce; a-25 perceit tax credit for R, &D. would
mean that the Treasury woitld lose about $2-3 billion- a.nnuelly 7 Aléo,’
dny: ‘program of this sort mlght runiinto difficultiss in defining R:'& Dy
since: ﬁrms would have an incentive/to use- ag widen deﬁmtlon a8 pOS~5:
gible. More will be said about tax crodits in sedtion 11. .

Second, consider Federal contracts and grants in support of civilian
technology This, of course, is the route taken by the Department of
Defense and the National Aeronautics and Spa,ce Administration in

%1 Bep Tack [51], Oghima 48], and Mipin [12].

8 Jee the papers in [41], Nelson, Peck, and Kalachek [45], Arrow [1], and Capron [41.
8 See Weidenbaum [82],
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disciplinary -areas’ among Several laboratories- normally devoted to
basic résearch. There: have: ‘been “ooncerted :actions,” which establish:
sommittees to support: research.in-fields: like- ‘molecular biology: and:
apphed mechanies: . There his beenan “aid-to pre- development” pro-
gram; designed to help: coopérative research organlzatlons ta develop®
ment: 'work on new:itechnologies. There has been an “aid:to develop=
ment” program,:providing- Toans . (which may: be: forglven) to: covef
development costs incurred by private firms. 2

Additionally, there are a variety of tax incentives. All of the oper—
ating expenses in.research and dévelopment-ard fully.deductible’costs
of doing business. Investments in buildings for R. & D. can be writ-
ten’ 6ff by 50 percent;in: the Ist year;'the rest being depréciated over
the strictiiie’s hormal life. Firms that:combine their R. & D. resources
into-s new organlzatlon ‘canbensfit: from-a tax’deduction on’ their
investment ini‘the  new ‘organization. And to promote industrial fund-
ing of research mstltutlons, there isa:50 percent: deprecmtlon rate for
shares taken in public or private R, & D, institutions, deductions of
payments to R. & D. institutions ‘from’ profits taxes (up to 3 percent
of the firm’s turnover), and exemptlon_of taxes o, leorecaes to Iapproved
R & Drinstituti '

“In industries , %pohcy saéms to- have besn'to
aintain at least.One‘;domestm suppher of edch politically’ significant
teehnology Tri'the eyes of many observers, this’ pohey has had impor-
tant drawba,eks Accordmg to Zysman : '

The dllemma has been that -the protectlon and support reqmred to ‘produce
speciﬁc products of interest to the state may, in fact, have weakened ‘the firms
that must b the'long-term’ ingtruments -of state polmy . Before the redlity
of technological independence; strong and inmovative ﬁrms, can he: realized; tlie

symbol.of particular. goods produced’by- subs1d1zed but feeble natlon-u eompaniee
may have to be.abandoned e i . i

a8 beeir g Well-known .T apanese emphasm on th
'of techhology ‘The Japaness Governyient has played a very impor-
tantirole in‘determyining ‘which teeh.nolooles ghould be purchased frony
abroad, and which firms should receive them Besides rélying Heavily
oﬁ‘f‘o'relgn technology, Japanhas spent sigritficaiit amounts L& D,
Asshown in'table 7, Japan’s R. &D: expendltures as d percent’of’grods
Tigtional product Kave besii lower ‘than ‘in ‘the United States, 'United:
Kingdoi, 'Wedt Germany, or- France. But if ‘one looks: only at’ non-
riflitary R. & D “the gap’ hetween Japan’s'Ri& D expendltures, ag
a percent of’ gross national ‘product, and that of the other’ éotintries

rrowed’ eonsxderably ThlS‘ "of eourse, is due to the fa,ct that J apan’
r«*pend&s very lo on defense Pl .

& Jes Hollomon and Associa.tes [20]
8 Zyeman [63].
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: computed the ‘average-rate of return. from this firm’s total investment
. tin-innovative activities. during 1960-72, the Tesult being 19 percerit,
which is not too. differént from the medmn private rate of return given
in the ‘previous paragraph. Also; we compited lower: bounds for the
social rate:of return. From the: ﬁrm §-investrmerit, and: found that they
were about, double its private rate of return, Wlnch a,lso agrees w1th
fthe resultsin the previous paragraph. - © o I3
* The foregoinig results: pertain to-the- avera,ge rate of return In
.earlier investigations based on ‘econometric éstimation: of production
-functions, Minsfield #7.and Minsisian ¢ estimated the marginal rate'of
-return: from R. & D: in the chemical and-petroleum industries. Mans-
field’s:results indicated that the marginal rate of return was about40
‘percenit; or more i'the petroleum industry; and about’30 percent in the
schemical iidustry.if technical change was capital embodied (but: aimch
less if ‘it 'was disembodied ), Minasian’s results indicated -about a 50
percent margmal rate of return on 1nvestment in R & D in the cheml-
cal industry. P : AL
In a more recent study, Terlecky]f?":has used econometnc techmques
to analyze the effects of R. & D, expenditures on.productivity change in
33 manufactumng and nonmanufacturmg industries during 1948—66
In manufacturing, the results seemn to indicate about g 30 percent rate
.of return from an industry’s' R. & D). based only 'on the effects of an
industry’s. R. & D. o its own productivity, Tn addition, his findings
show a very ‘substantial effect of an’ industry’s Ri&D.on product1V1ty
growth in other industries, resultmg in a social rate of return greatly
‘exceeding: that of 80 percent. No etidence wasg fcvnd, however, demon-
strating that government contract R. & . ‘has any eﬂect on the ‘pro-
“ductivity inerease of the industries performmg it, \
" Griliches ® has carried out an econometric study, based on ‘data fob
“almost 900 firms, to estimate the Tate of return from R. & D.'in manu-
facturing. His tesults pertain only to the’ ‘private, not the social, rate
of retmn He finds that the private rate of return is about 17 percent.
‘Tt is much, higherthan this in  chemicals and petroleum, and much
lower than t‘hls in‘aireraft and electrical equipment. TTé ﬁnds that.the
‘Feturns from R. &D. seem to be lower in 1ndustr1es Where much R 'D
g, federally financed. ’
"Based ‘on computatmns for the economy as’g Whole, i
“cluded that ¢hié rate of return from R. & D. wag abott the same as the
‘tate of teturn from investment in eapital goods. His estimate of the
‘veturng from R! & D. was'lower’ than the estimates of other investioa-
“tors; perhaps ‘due to his agssumptions. regardmg lags.™ In'his premden-
tial addressto the Ameérican Eeoromie Association, Fellner s estimated
the average social rate of return from bechnologlcal-progress aptivities,
his conclusion being that it is “substantially in exeess” of 18 or '18 per-
‘cent, depending on  'the cost base, and_that this is mueh’ higher than
‘the margmal rate of return’ fmm physmal 1nvestment at a more or less
‘given level of knowledgd."
To sum up; pr :}jctlcally all of the studles ealrried ‘out to ‘date’ 1ndlca,te
that the averags social rate of return from industrial R &D. tends to
7 See Manefleld [24], e :
# Hee Minasian 73571,
. ¥ 8ee Teorlecky] [50 ]
¢ .5 90 Hee Griliches: l'lG]

-8 'See Dendgon [71.°
32 Hee Fellner [111.
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One of the first studies to us}a this.approach was Griliches’s study
of hybrid corn.*® Based on data concerning the increase in yields re-
sulting from hybrid: dorn; the value of corn output each year, and the
price elasticity of demand for:corn,he could:estimate the area corres-
ponding 0 ABCE: in figure1each year. Then using data concerning
the amount spent:each yéar ohhybrid corn research; he eould estimate
the rate of return from the investment.in hybrid corn reésearch, which
turned -out-té- be:87. percent.. Clearly, a 87. pércent rate of return.is
bigh, :However; in evaluating this-result, it is important to-bear in
mind;-that this is the rate of réturn from .an-investment which was
Inown-in advancé to have been very .successful. Thus, it is:not sur-
“PI'lSlngth&tltiShlgh. RSN FEDEEE LA ‘ SRR T LR LSS
.- Another study,-based on;much the same principles,; was carried out
by Peterson ®® toestimate: the rate of return from poultry research.
This study, inlike the previous:one, looked at'the rate of return from
all: research-in this: particular area, successful or not: In-other words,
it:included: the failares with-tlie sucesses, The resulting rate of return
was 18 pereent, which-again is-a rather high figure, However, as would
‘be expected, this figure 1s lower than that for hybrid corn: A further
study,-by Schmitz and Seckler, used-basically the same kind of tech-
miques. to estimate -the social -raté:of return from the. investment: in
Ri.& - D. pertaining to: the tomato harvestér. The result depends: on
show. long workers - displaced: by the témato harvester remained un-
employed; but: the -authors report that, even:if-the tomato workers
received: compensation of $2 to $4 million per year for lost jobs, the net
social rate of return from the harvester would still have far exceeded
A00 pelcent®. . 1o Y s whE afpr o o s

- It is important to recognize that all of the rates of return cited so
far are average rates of return. That is, they are the average rate of
return from all of the amounts spent on the relevant R. & D. Foromany
purposes, a more interesting measure is the marginal rate-of return,
which is the rate of return from an additional dollar.spent. This is
the measure that is most relevant in determining whéther there is an
under investment in civilian technology, If the marginal rate of return
from investment in civilian technology is higher than the marginal
rate of return from using -the .extra resources in other ways; more
resources should be devoted to-civilian technology., Thus, a very high
marginal rate of return frem: investments incivilian technology is a
signal of an under investinentIn civilian Ro&Do~ ool il -

Using econometric technigues, a number of studies have estimated
the marginal rate of return from agricultural R. & D. One study, by
Griliches?® investigated the relationship in various years between
output per farm in & state and the amount of land, labor, fertilizer,
and machinery per farm, as well as average education and expendi-
tures on research and extension in a State. The results indicate that,
holdifig "6ther “inputs constant, eutpit was related in—a statistically

ssignificant way to the amount spent on research and extension. Assum-
" ing a 6-year lag between research input and its returns, these results
indicate a marginal rate of return’ from agriciltural R. & D. of 53

1 ie Bee-Griftches (147, - . ;
20 See Peterson [53]. R R RN ¢ st s
% See Schmitz and Seckler [57]. Since the concept of rate of return varles somewhat

from study to study, the results areé not always entively comparable.
2 See Griliches [18]. ;

o .-



Whﬂo the precedlng argu honts ha,ve a conmderable amount of
force, they by no means prove' ithat thers is presently an under invest-
‘ment.in eivilian technology: For one thing, these arguments generally
“are based :on; the supposition. that: markets are -perfectly competitive,
whereas in fact many. 1mportant markets are.oligopolistic. In oligopo-
listic markets, many economists believe that firms often stress product
1mprovement as a: form of rivalry, rather than direct price competi-
‘tion. Because of tacit, agreement among, the firms, this may be the
prmclpal form of rivalry, with the result. that more may be;spent..on
regearch and development, than is socially. optimal, One industry in
‘which this is sometimes claimed to be true Is.the ethical dru mdustry
Th1s is not, however,-a proposition that is easy . te prove-or disprove.:

. De t_e.the arguments listed above, another reason why there may
be) no under investment in various forms of civilian technology: is that
the" government is already. intervening.in a large number.of ways to
support civilian technology. For>examp1e, ag we saw in'section 4, there
are already some general tax incentives that encourage R. &D. Beyond
‘this; in particular industries like aircraft, there are a. host.of govern-
mént influences promoting R. & D. and technologlcal change. Forex-
ample, the. Government has paid for R, & D. related. to. aireraft; It _
has increased the demaind for new. alrpla,nes by.providing subsidies to
ithe's airlines and by. regulating the airlines in sucha ‘way:as-to discour-
age price competltlon Of course, the aircraft 1ndustry is hardly. typi-
cal in this regard, buut, as we have seen, ‘there.is considerable.govern-
t support for R. & D ‘'of various kinds in the private sector and it
“obvious, on @ priors. grounds, that the Government has Tiot il
Teady offset ‘whatever. latent. under investment. 111 R. & D rthat was
present in, pm"tzcular parts of the economy W

' Going a step further, some economists ‘have argued that even in the
absence of ‘oligopoly or government intervention, a pI‘lVﬂ.tB enterprise
‘economy might riot under invest in R, & D, For ‘example, it has been
pointed out that the inventor might be in .a position to predict:and
thus speculate ofi price:changes. resultmcr from the release ofhis new
technology. In’ “principle at least, ‘this mlght offset, the Tact that: he
could not appropriate all of the. benefits directly. But it.is important
to recognize how diffieult it is to foretell what price changes - will-be,
partmutlaarly since there are many factors other than the technolooy
1o be cons-ndered ]

I’ suni; there are several 1mportant factors, related to the mappro-
priability, uncertainty, and indivigibility of R. & D.. that seem likely
to pushi toward an under investment i in R. & D, by the private sector.
But thesé factors may be. offset, partially or fully, by oligopolistic

.emphasis ‘on nonprice competition, by existing: government Interven-
Ao, or by other con51derat10ns Thus, on.a pmom grounds, it-1g im=
?poaable to'say with any reasonable degree of oertamty whether there
18 am under investment in R. & D. in partlcular parts of the: prlvate :
;-sector e e eyt et wgalpesDineie g o :

A8.3ee Hads
LK .S@Q Hﬁr}shleifer [19]
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cofisiderations, we lmow very:little-about the eﬁects of-variotskinds.

of regulationon R..&: Diiin:the. pnvate sector. - This:is unforbuna,te&
since about 10 percent of the Nation’s gross national product arises
. from the regulated: mdustmes, and sinee regulatlonehas effects through-
ont the economy.'? i .

. o Antatrust N

Our‘Natmn’s -f tltrust p01101es seefnt to ha,v‘ 1mporta,nt ﬂ'eets on.
research and. innovation inthe private sector.:Although the evidence.
is-limited; it-appears-that welatively strong compstition tends te pro-
mote research and development; solong as firms areabove some.thresh-
old size. Since it appears that new entrants are often significant
sources of innovation, it-séemis impostant to eliminate unnecessary
“barriers to entry. However, the effects of antitrust policy are certainly
fi6t ininized: For one thing ; antitrust policies niay cut the incentive of
tlie' dominant firm’ (ot ﬁrms) in an ‘industry’ to'gerierate relatively
rapidtachiical advince. ; the fact that untitrust policy isat odds . -
with 'the _patent system Thay in
R 'and D in sonie industries?:

some case.s reduce the moentlves for

: Teofmology Tmns fe'r .

:The. Govemment currently invests in s number-of activitios bo tna,ns-‘
:Eer the results of government R. & D. to the private sector:To theex-
tent that these activities are effetive, they are likely to encourage
private R. & D, Perhaps the best known of these activities is NASA’
technolocry utilization ‘program. This progra,m has dncluded a num-
ber of reséarch’ institutes‘and universites! For example, the Midwest:
Researeh Institute and the Aerospace Research Apphcatmns Center
at Indiana University have teceived information concernihg ‘tech:
noleglcal developments in the space prograin, and-disseminated thein
to'privite industry. The success and effectiveness of this dlssemmaai
tlon progmm, b T others of a snmlar type, are diﬂicult to mea,sure

E'ducatwn

The Federal Government’s pohc:tes to su port educatmn (m sc1ence‘
and technology, and other fields as well) also encourage R. & D. in the
privafe sector. Clearly, the extent.of private R. & D. is determined in
part by the quantity and quality of scientific and engineering talent
available iriithie Society: Further, better sdincated minagers and work-
ef's seem to be better 4 le to utilize research restilts; and: move inclined:

to invest in & D. The links bstween: education, science, and technol-
ogv ‘are "imporbant, and” theTederal Governtient’s’ “ttempts’ to-
strehgtheri e uc&tmn certa,mly have helped to support R & D in rthe
prlvafoe 'ector Sl _ , : 5

Nt T46].
. [ 5 ] [213, a‘nd Noll [46]
e Mansﬂeld [30] and re erences cited tp‘ e
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because the results-of suchi ressarch ‘are unpredictable: and usually-of
Yittle direct valueito the firm supporting the research, although poten-
tially of great value to society as'a whole. In otheriwords, basic seien-
tific information has many of the characteristics of a publie: good.*

O Indensives for effciensy

‘We.ghall return. to.the question of the:rationale.for.Federal support
of-R. & D. in the private sector ; but:for now, we turn.our attention to
the incentives for efficienicy and’cost rediiction in' federally financed
R. & D. In a free enterprise economy, there are important, incentives
for efficiency, one of the most.impertant being that a fitr ean increase
its profits. (or reduce its:losses) by reducing its:costs: In other words,
since firms under normal’market conditions use fixed price contracts,
increased efficiency meang increased profit. Enfortunately, such incen-
tives, which ‘are o important-in most. areas of £hé economy, cannot be
transferred at all easily to research and development, because R..& I3,
is so risky that fixed price contracts: are-generally not: feasible. It i3
very difficult to establish ﬁ,}"c_ontracﬁ.Wheraoy"the"‘contrhét;b;ﬂ agrees to.
obtain a certaln quantum. of information ot 16 dévelop a cértain prod-
uct or. process for a fixed price, ‘because it.is. so. difficult for the eon-
tractor to-estimate how-much; it will'cost to-achieve this result: Thus,
many government contracts for research and development are basically:
geared to reitiburse.the contractor for whatever his costs turn out to be
{(within reason).to.achieve:the desired result. As is well known, these
costs often tend to be much-higher than are initially estimated; Alter-
natively, for some types of R. & D,, a-certain contract ‘amount is
stipulated, and the contractor is'éxpected to achieve as much as he ean
with that amount. In either case, the incentives for reducing costs un=
doubtedly-areless than they-would be:if s fixed price contract’of'the
ordinary sort were feasible, T o o T

- However, 'this:‘does ‘ot meari that there are mno incentives ‘for

efficiency. In:particular, if'the award of new contracts is known to
depend, at least in considerable part; o’ past performance, this can
be a-very important incentive. But:for this indentive to ‘operate; at
least two conditions must ‘be met. First, the conitractifig government;
agency must-be in a pesition to judge the contraétor’s performance
reasonably ‘well. Clearly, this is not as easy 'as it may’ seé

]
apparent failure may be -due as‘much to lick as t6 lack 'of skill,
since the product of a research project may be difficult even for leading:
experts to. evaluate. Second, there ‘must- be & réasonable’ dmotnt~of
competition among potential contractors; If the Government allows
itself to get locked in to particular éontractors, this incentive-cannot
operate at-all well. Based on the stidies' at RAND,” by’ Peck ‘and’
Scherer,®-and by others, the problem of’ ¢reating adequate incentives
_ for efficiency in government funded R: & D: carried out-in the priv:
sector is very real and very difficult to’solve in anything other than
a very approximarte way: Certainly, however, the Government. showld
make sure that reasonably objective’and unbiased judgmients are made

of confractor :and -grantee performarncé and- that competition is en-

g

-'-‘-'Z-Seeé.ﬂnjd"-v.‘ti]glalh;i':Néisdﬁu 74_3
< For example, see Klein [22] an
(B Fee [B8Ye s o e s
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Federall
R imance

©:Induistry<d

Food and kindred profucts
Textikes:and appazel..
Lumber and furniture.

Drigs and medicines.
Other chemicals:_:

.Petroleum refining and xtractlon-
Rubber-products... ..
Stone, clay, and gl

Machinery. .
Efectrical equ
Motor vehicles_

T TOM: mdustry_ the unlveI'SItles 1t =5 also leﬂr from table
1 that our-Nation’s colleges and.- umversmes are heavily dependent:
upon the Federal: Government for R.-& D.funds. About three-fourths.
of the R::& D..carried:-out by the colleges and.universities.is financed .
by the Federal Government. The 1eadm,q source of these funds is the
Department of Health, Education; and Welfare Table 5 shows the

in’ 197 3, and the amount each. recelved As Would be expocted the
leading 1'esearch—0mented universities, such as MIT, Harvard, Ber}'e-
ley; Michigan, and Stanford, tend to-rank among the. highest. Tn 1973,
the 100 universities and colleo’es at the top of this list. recewed about”
85 percent of the total Federal ‘obligations to colleges-and umversmu;ﬁ
Since the mid-1960's, there has been S0INe- Pressure” to aIlocat :

funds more evenly

RATIONALE A

8. Feprnan R. & D, CONTRAOTS Axp GRANTS:
'TIVES FOR EI“I‘IGIDNCY

" Given that ederal R. & D:contracts and grants to the prlvate Soe-
tor ammcunt. to over $12 billion. per year, it obviously is important that
we consider the reasons why support of. this kind is.in the public inter-.
est. The rationale for such support varies from one area of support to
another. Many of the areas characterized by relatively large amotnts
of federally financed R. & Ds are intended to provide new or. 1mproved.
technology® for public, sector ‘functions. National security:
explora,tlon, for example, are public gobds—goods wher
cient (and often 1mposs:ble) to deny’ ﬂlG]I‘ heneﬁ’cs to o citizen who'is
unwilling to pay the price. For such goods, the (Jovernment is the sole:
or pI‘lllCl]’)ELl pulchaqer of the equipment. nsed to ‘produce them:: and;
girice 1t hasg the primary responsibility for their production, it. macst
also take primary- responsibility-for-the promotion -of technologienl
chande inrelevant areas. Even though much:of the' R. & Dx of this t type

)erformed by.the private sector, 1t 18 1111portant to'note that the
prnnary ob]ectl e of thls R & D. 15 not to promote technoloulml
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sector, we regard all privately owned firms and nonprofit organiza-
tions as belonging to the private sector. However, we recognize that
some such firms and organizations do a heavy volume of business with
the government and are so closely linked with government agencies
that the distinction between the private sector and the public sector
ean be somewhat blurred.: & 0 o o7 o v o e e

9. FeoErAL CONTRACTS AND (FRANTS FOR RESEARCH AND DEVELOPMENT

To begin with, we must look briefly at the' present extent and pat-
tern of Federal support of R. & D, activities in the private sector. An
important part of this support is éncompassed by Federal contracts.
and grants for research and development. As shown in table 1, total
expenditures in the United States -f_Ic))r R. & D. were about $32 billion
in 1974, of which sbout $17 billion were financed by the Federal Gov-
ernment. Thus, about 53 percent of our Nation’s R. & D. expendi-
tures were financed by the Federal Government in 1974, and much of
this federally financed R. & D. was carried out by the private sector. As
shown in table 1, government-laboratories carried out only about 30
percent of federally financed R. & D, About 50 percent of federally
financed R. & D. was carried out by industry. - - Col '

. Federal R. & D. expenditures are concentrated heavily in s relatively
few areas. In 1972, as shown in table 2, almost $9 billion was spent on:
defense R. & D., and almost $3 billion was spent on space R. & D.
Health R. & D. accounted for about $1.4 billion, and energy R. & D.
accounted. for about $0.4 billion. Other areag where significant amounts.
of federally financed R. & D. took place were environmental protec-
tion, transportation, agriculture, and education. A . considerable
amount was spent by the Federal Government on the general advance-
ment of science and technology. Despite the fact that defense and space
R. & D. were a smaller percentage of total federally financed R, & D..
than they were a decade before, they still constituted about T0 per-
cent of the total, .. . ... . . S

.- The extent to which various Federal agencies perform R. & D. out~
side government.laboratories differs.considerably. As shown in table
3,the Department of Defense performs about one-fourth of its R. & D.
in _government laboratories; most of the remainder is performed by
industrial firms, Similarly, NASA performs about one-quarter of: its
R. & D. in government laboratories; the rest is performed largely by
industrial. firms. On the other hand, the AEC (now ERDA) per-
formed the bulk of its R. & D. in federally funded research and de-
velopment. centers (like Oak Ridge, Sandia, Brookhaven, and Los
Alames), some of which are administered by firms, some by universi-
ties. And. other agencies, like the Department of Agriculture and
the Department of Commerce, perform most of their K. & D..in their
own laboratories. - ..o eee

. There are also very substantial differences among industries in the
extent to which the R. & D. that they perform is financed by the Fed-
eral Government. As shown in table 4, in 1973 the Federal Govern-
ment financed about 80 percent of the R. & D. in the aircraft industry,
about, 50 percent of the R. & D. in'the electrical equipment industry,
and-about 20 percent of the: R & ). in“the nstruments industries.
These are the industries where the largest share of the R. & D: per-
formance is federally financed. On the other hand, in the chemical,
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- ERDA; EPA;and HEW. The potential of theFederal R. & Dicenters |
A8 cata,lysts for technical -assistance :should: be recogtized: and legit-
imized. as a strong‘and geographically-dispersed: capacity in-being dor
regional public-service. Takéen together; these/combined actions would
sconstitute a:pragmatic and low-cost start towards assemblmg the e]e-
;ments of ‘an 1ntergovernmenta,1 re,latlons strategy for R & D .
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legitimized. So: Federal policy -drifts, and. g superb-R: & D, Tespiree
is withlield from intergovernmental usage.

- This.writer will:argue that theiissue-of.the Federal R. &,D eenters
actually goes beyond the: question: of: potentml benefits to.State-and
local: governments. ‘The day.is.past. when ‘these: facilities; can: be-re-
garded and administered.as a. balkanized. seatter. of. techmcal enter:
prises. which; are..Jocked. into the. frameworks- of various. “ewning?
agencies. By any reasonable. standard .of systems. management,, ﬁh&y
zshould be-assemnbled into,a unified scienee. and technology system. They
constitute a rich-and valnable national . resource,, both. physical ‘and
human; and.it.is.in. this:light, that, they. deserve to.be integrated: into
major and minor:networks and utilized.flexibly under a:single:mans
agement system. for 2. Va,nety of governmental and industrial purposes:
1t would then be possible.to-haye. clusters of laboratories compete with
each. other for mission assignments.and:to produce and diffinseR. &r,l
tesults. They could engage.in joint R..& D. with:industrial organiza-
tions and. State or.local governments, and-some of the R. & D, centers
could be spun:off as institutes of technology. which could stimulate
regional  capacity-building, and regional development.. Indeed,. this
pa.ttern has. been uged in, Great: Britain for some.years,. n,ota,bly i the
case.of the: primary: atomic. energy, laboratories'at Harwell. . ¥
... 1£ this preseription., finds. no. takers, the. more. conservatwe optmn
Femains, This is the option of legislation to, legitimize the multlpm pose
use of Federal R. & D. centers as technical assistance facilities for
State and local governments and'to authorize them, to engage in. joint
R. & D. and consultative services with these governments as.an explieit
and. appropriate: form: of:intergovernmental: cooperatiom This is:one
of the' few: immediate, tangible, and’sensible steps-that-can be taken
to recognize that there i3 an mtercrovermnental d1mens10n to resea,rch
a,nd development e B

TREE CDNGLUSION&

Resea.rch and development are, a;i} the: present tlme periph
;pects of mtertrovernmenta,l relations, Trace elements’ of the massive
Tedersl involvement in science: sand: technology can: be.detected in the
woperations of State and: local governments, and patches of State and
local: awareness: and ‘activity appear:here:and: there.as exceptions:to
tthe general:picture of-low Ri & D: vitality. Through the:persistence of
the. National Science, Foundation, however,.the institutional capabil-
ties of State-and:loeal; government- for: coping: with: seientificand
technical aspects of problems of chome have “been mgmﬁcantly
upgraded: . : \

Where to go trom. Jere s the t(}ugh questlom, Throwmg R... .
dollars at State and local governments as an impulsive act of faith
«cannot. be justified-as, a: policy choice:; The. low: of. general. revenue
sharing has turned upmo:evidence that State and. local decisionmakers
view 1nvestment in R..& D, as a priority. use.of discretionary revenues.
The managerial capacity, of most State and:local. governments. for
planning . and. executing R & D are. not.. such, as. te lnsplre Inwh
«confidence. \ o

The assumptmn contmues to‘ Worka,ble, however, that. the pyra—
fmldmg dilemmas and frustratmns of, State and local government can
Do relieved if the R. & D. resources of the Federal Government can be
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Tiormal commerce B 'Ween*buyers aid" selterd] thé mnqvatlon i em-
bedded inv‘a'prodiict 'or Processand the method of transfer or diffusion:
48 ‘the sales or markéting tnechanism which” provides o compamtwe
choice” within " parametérs of custoiner prefereiices, price’ variarces,.
‘and - competition.” The' problem - with ‘intérgovernmental: technolorry
transfer s that governient does niot pursue innovation for the'same-
Teasons as a market econoimy, ‘but to accomplish gome a351gned mis-
‘sion‘'whose oblectlves haveé'nothhig to do'with nnovation per se. Spm-
off in innovation is an afterthought, not a foréthought. Moréover, the-
‘Federal technology was not planned or desigried with close famlha,n—
‘zation with State and local user requirements; To finish it all off, the-
Federal employees who are charged with techniology transfer seldom
if ever have the skills' in ‘management and marketing ‘which- 2re so-
cantra,l to-the-diffusion of innovation in the market - economy.
Plainly, State and local governments ire not going to inherit the-
ea,rt.h via the route 'of technology ‘transier. Throwing Federal toch=
-nolocry deScrlmmatelv at; thelr problems will ‘only make' their S1tua-
‘tion more unmanageable, We can‘expect a stendy but Iow lével of techt-
nologmal'”diﬁ“usmn from existing ‘practices’ and ‘arrangements, bol-
stered by such catalysts or'brokers as Public Technology, Ine.; and by
some' gradudl enlightenrient of Federal marketing teohmques, but rot
much 1 more: For long:term gaing in intergovernmental ¥elations; the-
technology transfer 1de9. will have to be restructured to base Federal
‘civilian %, & D.-upon joint plarnning and design’ with state ‘and. Tocal
‘groups who will be participants as well in stag fe-by-stage assessment
of R.'& D, pérforméince and endiproduct testing. If these arrange:
ments are followed, the final users will have a built-in stake in eventuak
apphcatlon and diffusion. Othermse, they will temain-cold customers..

A NEGLEGTI}D FED‘;:AL OPTION -

‘ One of the consPlcuously mi g"elements i the intergovernmen 1=
relatlonshlps of R.& D, is the' network of Federal la,bora,torles
reséarch’ centers, The term: “nétwork™ unfortunatelv 13 1tse1f inse-
‘dirate, since the ‘Féderal laboratorigs exhibit hardly any hetwork
cha,racterlstlcs We'have a vast and costly ': array of these: faclhtles,
created’ largely but, ot entirely for defense, atoric énergy, and aéro-
space purposes; They number in the high' hundreds, employ some 120;-
000 trained individuals, and are scattered Across 32 States: They rangé
from large and sophlstlcated R. & D. centérs to very small specialized
Jaboratories atnd experimental stations. Their aogrega.te budgetdry
‘costs range nto billions of dollars. This i3 a’masgsive scientific.and
technical enterprlse ‘held i pubhc -ownership for Federal purposes.
Thie question here is whether a sénsible intergovernmental rélations
policy -for research and “developmeit ‘should not ‘provide frée access
to those advanced R. & D, centers for’ State and local governments:
‘As’ the Nation's' domestic' pricrities focus on energy, health, natural
resonreds, ‘and governinental- productivity, ‘and as. thé. 1n1t1al objec-
tives of the Federal R. & D. centérs assime less intérsity under cur:
rent international pohmes, the’ cage’ for a multlpurpose recrientation
of these facilities’ grows stronger. If the Stite andlocal governments
generally lag in scientific and technical capacity, ds appears-to'be
‘the case, it makes considerable sense to look totheé Federal labora~
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Bitdget plan higsno ﬁé;keréf'E(ti;ﬁéjlly clearly, R. &D. 5 not & sibject of
Iﬁﬁr':%ec‘onvéi's‘ﬁtioh‘ai‘ﬁbn?g‘]:iﬂ' oot officers doross State lines, mor between
tha ' birdgét bficers and the Federdl OMB. There is a striking disjunc-
tion between the “State of the Stafe” message of the'governors, with
their emphasison issuds of health and energy and the'environment and
developmeit, and the budget messages with thieir 'emphasis on costs,
efficiency, and ‘taxes. Tn'any wnalysis of the barriers to intergovern-
miental R.'& D, relations, the indifference of the States budget officers:
Has to be talen seriotisly. Their role in the changing dynamics of inter-
governmiental relations iga vital and central’one, and ‘without their
pa,rtlici%ation the work of capacity‘building'in’ State government ‘will
slowhy, - o e i e b o Tl e gt T
goThca pgint-'ofj this*discussion. is not that }S;;atejfbuﬂ%et;oiﬁcers are .
class of primitives who are blind to the valués of R. & D. The argument
is one 'of roles and opportunities,and how they are viewed from where.
budget -officers sit: Harold-A.:Hovey, who until recently served as:
budget director inTllinois; said to the NASBO conferees this year that.
the *basic gquestion” .was whether the central management agency:
should take-a “promotional stance” towsrd science and technology..
He:observed that the question had to-be considered in the context of al¥
the other things that ‘such an officé promotes: program experimenta--
tion, program. evaliation, improved management systems, better in-
formation systems, improved budgeting and financial -management
systems; -etc.Then he concluded :that “in: the context of these other
promotions, I do not feel that the centrdl mandgenient agency needs
to tike a strong promotional stance for science and technology. Given.
the fact that: State budgetilig agencies: do:nob run-line agencies and:
- that line agéncies have a tendency to make ‘cost-cutting technology be
cost-increasing {e.g; computérs-and audio-visnal-aids) ;a promotional
stanee may ¢ompromise the-budget function’: [emphasis added ] That
is. perhaps-what it comes down:to. R. & D. is suspected:in all budget
offices totbe a.cost-push type of iexpenditures once the résults of R. & D
enter the budget base-they lift the level of base costs another notch,
gnd. the-promised “savings”: never: quite:materidlize, This fmisge of
R. & D. as a factor in conflict with cost containment rarely comes out:
in:.the open, but it is siirely very closeto:the surfaceof the perceptions.
of-budget. controllers.: Though they: will :not- openily: oppose the in-
troduction .of mew techriology, they will hardly become its champions, -
Advoeacy is/net known to be a role 6f budget officers at any level of
government; and.from all the present signsﬁfe States-are not about to-
break the pattéern forthe sake-of intergovernmental relations in R. & D:
+iThe ;cage :for infjecting: R. & D.:capability into State budget offices:
goes beyond theissue-of advocacy or “promotion.” It goes to the qual-
ity-of decisionmaking, If a State:legislature cah profit from staff capa~-
bilities in examining lalternative ‘policy choices-involving science-or
techriology, it follows that thé budget-offices: (or #central management
agencies?) haveno lessneed ‘and as much potential to profit. Certainly:
theyishould have the;incentive. Al generalist stafl:can judge whether
the-experts kmow what they: dre talling sbout: but:net whaes THa govs
ernor wishes t6:g0 beyond his line agencies'to find independentoptions,.
hé needs the stafl dapabilityito helpthimamake up hisgmimd. His budget:
and planningoffice:should ;provide €hat capability; butiit catinot e
forced upon officials who want no part of it.
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some. version of-a. leglsla,tlve supporb- oﬂice concerned with:science and
technology. The, strongest. arrangements appear. to-be the Californial
Assembly Séience. and. Technology .Advisory. Council and.the New
York Assembly Scientific:Staft, (created in. 197 1 with partial National
Science Foundation, fundmg and now. supported fully.by the legisla-
ture). A joint executive-lepislative Science, Advisory Office operates in
Utah, financed by the, State, and in’ Massachusetts in. 1975 a “Science
Resouree -Nefwork” ‘was. begun : with: National Science Foundation
funds to serve both, houses. of the Jegislature: In: Arizond; HEW funds
have provided for a Human Resources Serviges, Stafling office to assist
the, legiglature in ‘the:human’ resources sector: :Similarly, but, without
Federal seed ‘money, a.Florida. Eneruy Committee: sérves-both the
executive .and the. 1eglslature, while..funds from rthe: Robert “Wood:
Johnson: ‘Foundation provide .J oint Health Committees: servlcmg ‘nine.
State legislatures. Fragile as some:of these arrangements appear-to be;
their contrlbutmns to the legislative process; :are.eye-opening. M. Frank
Hersman, who, until recent y.was the moving forece in the National
Science Foundation in, pioneering Federal-State cooperation, was:ablé
to say. in the NCSL report-that the New. York. Assembly. Seientific
Stafl “has coordinated numerous studies (funded by NSF, state:pro-:
grams, and the Assembly) on such diverse subjects as solid Waste man-
agement, Lake Ontario water levels, pesticide monltomng, hwh-speed
crround transporta,uon, and'standardsfor ‘miobile ‘and" factory “pro-
duced housing: Partly as a'résult-of professional society: mieetings-with
assemblymen the New: York State Assembly- passed 20 enercy related
megsures during thie 1974 régularsession? « . s
.- To stretch-its limited resourcés and obtain: leverage on the 31tnat10n
1n the legtlslatures, thie National Science Foundation has since 1973
given modest support-to the National Conférence of*State Liegisla~
tures to. mount a Science ahd Techinology Project as-a new arm of the:
" Conference. This project opérates; with a very small staff; as s network’
center. for 4l of the participating statée legislatures’ and in-a limited
way, as a-clearingheuge of information under:the title “Model Tnter~
state Scientific an% Technical Information:Clearinghouse (MISTIC).™
As the time approaches: foir withdrawal ‘of: NSF support,.the NCSL
project ‘will require. funding from NCSIL itself if 1t is to- ‘continer
Butif those Federal agencies having major responsibilities forenergy’
and environmental policy-expect State implémeritation of delegated
authorltms, they. should. take up where the National Seierics Founds-
tion: leayes.off and provide the moderaté:support: needed ito captire:
' and extend the Federal investmént ‘already made in capamty—bmldmv
in the State leglsla.tures This-is a strategic approach inintergovern-'
“mental R. & D. affairs which can pay off impressively, and: Wlth only:
‘& small.investment in-overhead relatlve to th masswe b neﬁts and
costs of the operatmg programs :

Pomoy ‘VIANAGEMENT IN THn STATES

Turnmg from the leglsla,tlve sector to the Sta.te executlve machmery,- '
and specifically -to that ‘most- powerful -arm of ‘the executive—the

: Budget ‘Office—the prospect is unbelievably bleak-in"terms of capdcity’
Cin sc:1ent1ﬁc and techmca.l ﬁelds As a class of admmlstratlve oﬂiclals,'-



. Despi g's in R & D eﬁ'ort meas ‘red by research
dollars, local governments have not OVerlooked the utilization of sci-
ence and technology in their pro gram operations. The National Science
Foundation’s ast survey (NSF 71-6) recited a wide array of func-
tional afpplmatmns of R. & D. by local governments, with an apparent
concentration on health and hospltals education, sanitation, and police
and corréctions. The allocation of dollars varied considerably from
one .functional area to another, however, ‘with 39 percent going to
health and hospltails, 13 percent to education, 12 percent to sanitation,
11 percent ‘to police’ and correetlons, 2 percent to natural resources,
and less than 1 percent jgoing respectively for highways and welfare:
The latter éstimates are nationwide, and if the New. York City experi-
ence with the RAND Corporition were examined in contrast it would
appear. that in this case heavy. outlays were made for “managerial”.
R & D. focused’ upon’ operatlons analysis of productivity problems
aiﬂlctlng baste’ clty serviees (five, police, a,nd sanitation). The New
York experience 'was uniguein another way, in that the RAND con-
tmgent was set up-with a direct ling to the Mayor through the Budget.
Directory instead 6f at the disposal of the line departments of the city
government ‘While the New York RAND program was decidedly
Impressive .on. ‘nearly every couit, and produced ‘outstanding policy
alternatives together with some striking applied research results, its
survival capacity hung by the loose thread of the incumbent mayor’s
personal support and it had little success in creating a supportwe
constituency at the departmental level. As. the mayor s political
strength eroded; RAND’s vulnerabilit Iy rose proportlona,tely and. the
institiution 1tself became a local issue, If there was a strategic mistake,
it was in assigning a high proﬁle to° AN D as a symbol of the new-'
style American mayoralty. - . " '
More ‘typical wére ‘the ag _mstered by opera,tmg-._
agencies of local governme . éd to grapplé with the tedious
problems of service qua,hty and dehvery ‘According to the National
Sole_' ce’ Fonndation, & county inFlorida took the R. &D. -approach
eloping new curriculums’ in “science, mathema,tlos, vocationsl
si ects, and guidarice. The New Yorkl City Sanitation: Department
went in for R. & D.on containerization and | u1‘1d1ng design, but spent
most of the money, .to develop a-shredder for “oversized” waste, In the
police @nd crime areas, typical R. & D. went into closed-cireuit TV
totransmit fingerprints, and a’ prototype command: and control center.
Sinee the 1968—69 NST survey, a consortium of State-local public in-
terest groups’ have formed Public Technology, Incorporate -as a.not-
for-profit catalyst to match governmentil needs with responsive sources
of information or R. & D. capacity,. dramng as needed on Federal,
industrial, or ‘academic know-how. Here one glimpses one of the rare
met1tut1onal mechanigms of an mtergovernmental character in the
fisld of R. & D.: The State- county—mnmclpal consortium furnishin
legitimicy to PTI, and the Federal Government (NSE, of: oourse%
providing the’ venture «eapital. The PTT performance is still to be
evaluated, but it has thus far achieved amotable aeoeptabﬂlty from its
State—loeal clientele,. it has_ GerL careful to steer clear of promising and
élaiining too much, and it has stuck to a class of Tow-technology prob-
lems of the type that, local governmentg universally share and can talk
about and which are likely to have affordable if not showy answers.




. not-federal assistanice for R.: &I, The breakdown. is.interesting -oiv
several counts. One-half of:the outlays went for R. & D. on.coal, Wlth
Kentucky putting, up $16: million -and, Illinois $8 million: The next
largest R & 1. target was- plant siting.and nuclear. power, at-$8.1
million (half of the total coming from Maryland), closely followed by
energy-related transportation research ($7:6, mllhen) almost: all-of
which wis funded by the State of New York. Taking:the. total' amount
($55 million). Teported.as state funding for.energy R. & D;in 1974 one
finds -once.again that, 4 States: aceount, for . 70- percent of the outlays,
(Kentucky, Neiw York,Iinois and Maryland).- b
. The overall-profile of state.government R. & D expendlture 1s, o
balance, oné. of subsecritical effort relative to’ ‘comparative benchmarks:
(total State government: expenditires; steeply. : Tising costs of. govérn-
ment, total federal aid tostates and cities;and grossnational expendi-
tures for R. & D. ). Tt alsoreflects a skewed distribution of: investment
effort.in favor:of a minority of:the State governments which enjoy:
relatively strong fiscal capacity,inferring that States with develop-.
mental needs are not: participating significantly in R: & P. The richer:
States beneflt from R..& D., while the less-favored: States lag-behind.
Tt federal R. & D: policy: were: to condition findncial assistance on'a:
requirement, - for - multistate  diffusion of results and applications
(R: & D..sharing) this gap might be-reduced, and the opportunities:
for more rapid emulation enhanced. Here: presumptlon 15 made that.
lateral-transfer' of 'innovation’ (state-to-state). has ;greater potential
than vertical transfer (Federal-to-State). Pilot experiments, if carried
out with NSF support, could test the-validity of the presumption. - :
The prospects for much growth in State government expenditures:
for'R.: & D. are not good in the near term, largely because of con-
straints -on-both Federal-and State budgets. The Fedéral impulse'to+
combines mrajor tax reduction withan equlva.lent expendlture cutbeck.‘_'
yuts all” discretionary spending at risk, including” general-purpose:
& D. At the state level, according to the Joint Economic:Committee,:
20"'States will enact-tax increases-in 1975-while 92 states will make -
expendlture reductmns amounting to nearly $2 billion. Broedly speak— -
ing, R. & D.’i§ dttractive to’ governments during périods of economic-
growth and budget surpluses, while conversely R. & D. cutbacks are &
yainless target for economizing.- The sensitivity of State R.& D spend-
mngitothe barometer of. federal assistance is obviously high when one-
half of total State:R. & D.;outlays come from Federal agencies,: More--
over, the financial squeeze ¢ affects not only the performance of R.&D..
but equally the availability of funds for applying R..& . results, so-
that R. & D.-gets. it coming” and going. Stranded applications of .
R. & D. tend to obsolesce; on, the shelf, suggesting strongly tha.t the—
prlor expendltute on R &D. 1s 11ke1y to produce no payoif Foegt

LOGAL GOVERNMENT R & D SPENDING

The hst t1me that locel o-overnments Were surveyed by 1Q’S]:'i‘ for_:
R. & D. expenditures was for 1969, and one is obliged to rely on in-
formed guesses as to what has been happening since. In any case, ‘the
picture is not- overwhelming. National Science Foundation found that
in 1969, Iocal governments spent $40 million' on R: & D)., roughly twice
a8 much as'in 1966. Half of the money came from Federal agencies,.
and 13 percent from State governments and other sources. The effort:
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‘be productive. A. few states, like Illinois, have bypassed the universities
by creating autonomous institutes of the “thank tank” variety in order
‘to create new and better incentives for responsive R.&D. .- ... ..
- . Ini general, the prognosis is that State-universities will declare them-

selves-in favor of ‘public service but, in practice, will preserve their

independence to decide edch case.on its merits, It is diffienlt to dispute -
the university’s right to make a choice as to the propriety and priority

of the summons to service, and to decide what, is.the best use,of its

gkills. Where the State defines a particular service which fits in with

the stream of the university’s concerns-and. interests, there is a.prob-

ability that something can be arranged..But if the request is seen as.a

distraction, a setback to-important work in progess, or an interference

in:the ox“dered‘reg‘ime of the university, the institution is likely-to re-

sist. One remedy 18 for the State government to negotiate with enough
fead time to. enable aliniversity-a_§ministrators to work out manpoweér
and teaching adjustments; it is the firebell-ringing -approach which
causes much: of the trouble. But lead times are not always available
to-State. or-local officials; and the torture involved in doing business
with the universities is'a strong detetrent to a productive relationship.
Toa frastrated governor, the knowledge that:the university’s R. & D.
talent is knee-deep. in Federal grants, contracts, and proposal-writing
<an be infuriating, and heis likely to look upon the university.as more
of a Federal than a State institution. While direct Federal relation-
ships with State institutions:anhd their reséarch facilities-are %rhaps
not the major problem of intergovernmental relations in R. & D. they
are nevertheless a .complicating factor from the standpoint of thé
States. The question never is asked, at the Federal level, whether the
award of research support will' preempt the State government from
levying requirements for service upon the State’s university. Nor, so
far as is known for that matter, has a State chancellor of higher-edu-
cation ever interfered in the bilateral relationship between the State
institutions and the Federal Government. Until that happens, or until
Federal research funds: become scarcer, the university/State govern-

grient relationship will remain a troubled one. .. .

¥

o STATE R& D EXPE'NBITURE': ] PROFILE _-

- The most recent data on State government R, & D, expenditures are
~ found in National State Funding Report 75-308, and cover fiscal years
1972 and 1978. Because of the effects of the economic recession on
State budgets, it is not likely that State R. & D. efforts have increased
since 1973, and may even have declined. One can take either a cheerful
or a gloomy view of the meanings of the state numbers. The cheerful
view 18 to note a nearly fourfeld increase from 1964 to 1978 in ciirrent
dollars, The gloomy view points to the fact that the absolute totals are
still very small, the fact that the States put up only 48 percent of the
R. & D. expenditures from their own funds, and the fact that two
States— New York and California—made up 36 percent of all States’
expendituresfor B.&D.. . . .. o o
- NSF reports that State government agencies spent $264 million in
R. & D. in 1973, or 0.9 percent of national R. & 1. expeditures. To reach
this level, State expenditures. for R. & D. doubled from 1967 to 1973,
and Federal funds transferred to the States account for 50 percent of



costs}, and_ participate in:evalyation and testing. If these. conditions
aremet, there is a fighting chance that there will be a transfer of tech-
nology. The problem is that they seldom are met, and:the transfer
does not come off. This goes far towards. explaining why Federal
R. & D, resultsare stranded at the junctions of State .and local goyern-
‘ment, notwithstanding a proliferation of “technoelogy transfer”. offices
in Federal agencies. But if the “top down” philosophy of Féderal
R. & D. decision-making could be changed.to a-shared process, the
State and local governments would be in a favored position to leverags
Federal investment in R.,& I, in those problem sectors which lie close
to the nerve. This kind of intergovernmental cooperation in R. & D,
if coupled with -an effort in capacity-building of:the.kind .discussed
earlier, could make a material difference at little.if any incremental
:GOSt., Wi D Ty l:,‘_l Lotz wfin J:
=..The abgence of a large state-and Tocal outlay for R. & D.-is net a
primo facte indication. of governmental lag or ineptitude,.though it is
_Someétimes mistaken for it. R. & D. need not beé gaudy to be sufficient,
nor-isa frantic effort in R.' & D. neeessarily a sign that all is well with
gubhc administration.. The State governments have. willingly,if.pru-
dently, supported R. & D. in their own institutions when state interests
required .it:: :for soil conservation,:forest. management, agriculture,
piiblic. health, and..economic development, Where Ri & P.:has been
slower to arrive ih.State government affairs hag been- in the relatively
recent. problem mix involving urban concentrations, population: move-
ments,.and the impacts of technological shock. In-a real sense, however,
these priorities approached on cats’ feet and: were quickly. preenipted
by Federal interventions. That R. & D. has done:little to:solve:-them
has not. escaped: the notice.of State and local gevernments; though
perhaps, it is not so much the failures.of:R. & D. as it is the resistance
of public and private interests to -,ad-a_,}i.t. On. the: whole, the State-and
local governments have avoided the ploy of substituting: R.:& D..for
action, and they . have not tried to. dazzle the-voters. with scientific
dog-and-pony.shows. Whether State and local governments have spent
“enough” on R, & D). is unanswerable as an: abstraction. Relative. to
what? Relative to the gaps in knowledge,.or to the rate of escalation
in debt.and tax burden, or to the nnknowns which the next decade
will bring;a judgmental answer would be that they are under-investing
in R. & D. But relative to their budget margins, or to the heavier claims
of meeting current workloads, or to their present capacity for R. & D
planning and management, or to their arrangements for: problem-
solving on a substate regional basis, the answer could as readily be-that
R. & D. outlays are a réasonable reflection of reality,.at least until
such time as an operative intergovernmental. relations breakthrough
canbenegotiated. .o o o 0 re b ST
L e Tar Frprran Porzcy, RoLe.,

v Federal policy leadership to integrate State and local governments
into the R. & D eriterprisé hag been centered in‘the National Science
Fotindation, whars it Tis lived dangerotisly and survived by ingenuity.
With modest Fésources buf a lively imagination and an’inclination
_ towards risk, the Offics of Intergovernmental Science Programs has

fielded a striking menti of policy research studiés, prototypeé’'State/
local ‘science and technology cenfers, and Federal-State working con-

Fotbmced om Tequirements/supply- problems. Tn'many instances; NSF
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‘What em'er%es is 8 situation in which all of the major cost and man-

agement problems now encountered by the States and cities—crime,
transportation, welfare, housing, and education—are blanketed by
Federal R. & D., with only small and marginal capacity on the Ea,rt
of those governmental units closest to the problems and the tax bur-
‘dens. 'To cemplicate matters even ‘more, the States and localifics have
thad almost no practical experience il contracting for and evaluating
R. & D,, and it 1s doubtful that they could get off to a fast-and effective
start even if they had to. Before they climb on the R. & D. carousel,
‘it would be well to miake: assistance available to them regarding the
best practices of Federal and industrial research managers in project
definition, evaluation of performance;and cost control.

' Btate and: local ‘governments comprise 'a “Fourth: World” in. the
politics-of R. & D: The other three worlds are the Federal Govern-
-ment, industry, and the university /nonprofit sector. The three primary
selémients have -constituted .the “system” -since R. & 1. becameia big
buginessiin-the Unitéd States, The arrangernerits were convenient-and
wffective ; The Federal Government determined the-objectivesdnd pro-
wvided the financial ¢timulus; the industry: sector:performed most -of
ithie developmental -work,-sharing the “applied” research with Federal
R. & D, centers; and -the universities-(aneluding State-supported in-
igtitutions) «did-most ofthe fundamental-research. State ang Jecal:gov-
ernmentsas suth were excluded:since they had nothing tooffer excepta
-vocal .interést in:the siting -of R. & "D. facilities -and ‘the igeographic
«distribution-of reseakch grants and-contracts. In'aisense;.of course; the
Jatter-served e adkind of proxy foran“intergovernmental ‘R. & D.”
igbrabegy; inthiat it-had the side-effect oficondentratinigvaluable B &D.
-asgets In favered: states and:sub:state regions, nctably Massachuséetts
:and ‘California.Whildthe economies.of these statesderived substantial
‘benefits from these allecation deeisions; it -would beivery hard to;make
-out-a‘cdse that-sibstantial benefits accrued to-the enlightenment orithe
effectivenessofthehostigovernmenits.: - o o vl ot Dy
The State and local governments, having come late to-the Ri & D.
feast; arestill-a: miner:factor in the ‘démand-supply market. Their re-
-quiremefits domot yet make a différence in-the economics of the R. & .
Jindustry, and certainly havenotfigured in influencing the intensity-or
Lexpectations'of thetéchno-sciéntificenterprise. Thatenterprige still has
Jits attention riveted: on’the Federal:(Government, and. State-local re-
-quirerments: 'do ot ~constitite ~even a -sedondary - market «of igiterest.
It is normal for-R, & Do institutions to pounee on-the Federal budget
. “before theink dries to:find out what isiniit, but-all-theState budgets
-together send:outmo morethana feeblesighal. [ - o [0
1./Not._ only is'a financial partnership absert in intergovernmental
«R.& D.relationships, but neither .dan one find-a-systématic process of
policy or administrative cooperation: There wre-isolated patterns of
_cooperation in shaping common needs for R, & D. in, for example, the
“fields ot high esearch and envirenméntal pretection, EBRDA. will
ety probably Be the next Téderal dgency to hive Tormal condiltative
‘links with‘State and local ;goveriments, But there is mo ‘palicy pres-
sure on the agencies Tiom ‘the Executive ‘Offices to formulate domestic
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innovations

1, Degree tnl’ general connection of the techrology to the firm’s exisllng ________
: aperations.

2. Specificity of relationship between the technulogy and some exasﬁng and -

recognized problem..

8. Degree of urgency of-the probtem lu whlch tha technolugy was re!ated
. Availability of personnel to implement the technofogy. oo .. :
. Difficulty of obtaining finantial resources y for imple
. Degree of top management's suppart far the technology
Confiict resolution methods

. Qrganizational climate factors. ...
. Quality of information received fri
, Waturity of the technclogy.._.

S e

—

(B) Innévations from DOD Rrograms,® where the organizations.
attempting to apply or utilize the technolocry were st‘tte and local
governmental agencies:

TInformation availability to the user org‘mlmtmn. e
Frequency and quality of interaction-between. the user and the
source (e.g. DOD) scientists and engineers.
Perceived relative advantage of the Tiew technology or. mnova,-
tion over current methods, equipment or systems, . or;
" Availability of financial Tesources and:-fechnical personnel to
“troplement or adapt the technology, R IR
e Top management support for teohnolomoal change T
70 “The existence of 4 product champion in the user agency.
' User involvement in ‘source decisions about the’ technology
“Souree involvertienit in potential user 1mplement ation difficulties.

(C) Innovations from Various Federal Agenciés* where the orga-
nizations a,tt@mptmd applzoatlon/ 'lltthELf;lOll were ‘state - and loca,l
agencles: - .

1 Chents in state and local agencies are not asnaive: on. a,ttors

-of technological innovation as some, observers suggest. They ana-

" lyze the possible benefits and. uses of. prospectlve teohnolomes in

the very first stage of adoption.

w8 Orgamza.tlonal climate and admlnlstratlve support for tech-

nical change has a strong: influence upon the adoption of federal
: technologles. _

# 0t 8 "Agencies which-are éuecéssful’ in"adopting federal. technol-
PR ogles make a ¢oncerted-effort to determine-how prospective federal
technologies relate to an actual problem they havé as ‘well ds-how
those teohnolooles prov1de an adva,ntaﬂe over. their existing
:technologies. - w0 ' : :
40 Fey state and ocsﬂ'age Gleg hj e-any Théans to thoroughly
-’-:‘ana,lyZe‘ igns orto pilot study fprospeotlve federa,l technologies;
This rea,hty strosses”the meed for federal agencies "to produce
essentially turnkey technologies which can be implemented with-

out further user investigation.
. 0 rom William Allen Metzper, “An Analysls of Iactors Influencing the Transfer of
Technology from DOD Laboratones to State and Lognl Agencles,” Northwestern Unlversity,

Evanston, ITiinols, 1073. A Ph. D. Dissertation,
11 From Allen D, Jedlicka, Albert I. Rubensteln and William A. Hetzner, “Factors Affect-
ing the Transfer of Technology from Federal Agencles to State and Local Agencles,” Pro-

ceedings of AID Conference, April 1975. This was an exploratory ptlet study with a very
gmall data base,
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Froure 4.—Some d&fjﬁé&tﬁ”ﬁj” energy B. & D.

The development of' crlterla for the tneasurement of the various
Eufguts of energy R. & D, is based .on.the declared ob]ectlves in. this,
e .
Considering, -for example, two sub-areas of energy R. & D——( 1),
energy conservatmn, and (2) investigation of the potential for: ‘more’
extensive coal, oil, gas and shale utlhzatlon (fossil energy R & D \-—-4;.
some output 1ndlcat0rs nught be :

. CONBERVATION '

Immediate. output mdwaﬁars* . . :
. Iimproved economics of electric: power tranSm1551on
" Improved relisbility of transmission. -
Improved efficiency of transmission: =
Increased storage capability for: electnc power.
. Decreased fuel consumption of automotive. engmes.

Intermediate output indicators .
Safety.
OOntammatmn and health.
Air and water pollution.
Tmproved energy input to industrial production.
Pre-ultimate output indicators
Conservation R. & D. may lead:toz - -
Increased opportunity for industrial expansion, Leading to:
Increagsed and diversified industrial production.

Replacement of traditional vehlcle systems by: those that operate on
stored-energy or another system. e :

U itimate output indicators
, Increased m empIOyment. i
g -Increased satisfaction in populatmn o
i Increased quality of 11fe | Pl b

--Balance: ‘of payment. and balance of: trade. S S

I'OSSIL ENERGY

Immediate output indicators*

Reduced cost of drilling.

Improved detection power,

- Reduced production costs.

Inereased production of pollution free fuela,

- Production of knowledge, methods and technology for coal liquefi-
catlon and gasification.

Intermediate outputs

Utilization of immediate outputs by industry, utility companies and
other social sub-systems (e.g., transportation).

*Immediate.in the sense that they represent new knowledge of the possipitity and
feasinility of doing these things. This Isting represents only a é:"ﬂires,f: cut” elt)t the proyblem

Much work must be done to further identify and operationalize measures at all levels.
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I the past3-4 years our:research grouprand amumber of s, as indi-
Vldual congnltants have become heavily involved inthe several federal
prograis attemptmg to develop and test incentives:for, techological
infiovation in-both the publictand: privete:sectorsi{e.g.: BTIP: of the
National  Bureau of *Standards’and: RDL of :the-National: Séience
Foundation): We have done studies on: Federal-incentives:to:inno-
vation ; exclusive licensing 3 p1ocureme,nt1ncentwes ‘technology:trans-
fer: mecha,msms imeasuring the outputs.of Ri & D {Science Indica-
tors) ; the use of contract mechanisms to stimulate innovations; the ap-
pllcatior_l of technology from federal agenciés: (NASA,; DOD, ERDA,
DOT, etc’) ; and many other:aspects "ot the. ﬁeld of mcentlves and
barrlers to'application of the resulis of R.&D;

¢ The'issue’ staterments and other conmiments in: thls pa,per constltute
anattempt to- respond to'a number of questions about the effectiveness
of-federal civilian oriented R. & D. and notto statée a.coherent policy
posuslon or to neat]y package ‘all We k_now ind smole model of the-
process.' sy LI el S

TSEDLATE OUTHUTE

OF R&D

b | INTERMEOIATE! ;
OUTPUTS OT R&DY
o INPUT. TD
SO0CIAL

*f. SUB-SYSTEME

m-mnm’:s d: "_‘—5 tyrin Dot te ol
ol 'IJLTI}L\TE SOCD\L '

BUTFUTS “0F RAD?
OUTPUT OF _

. secra [

. .BUBSYSTEMS.

UTerEs (0.8, THE

1 qulu.n:r oF usz)

e

P

: -OTHER INTEI.WNILG FACTORS. IN IHE ERVIRONMENT UE‘ THE S&D."l PROCESS AND: ITS Sy R
. RELATED sun-SYS‘l‘EMS IRCLULING A]:DIT[ONM— SUB-PROEESSES sued” .P.S I‘RODUCTIOH’. T
: HARKETIHG. FINANCE, TESTING JA.HD EVALUATION, - i : :
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.. B, CONOLUSIONS /AND REGOMME’\TDATIONS :

The issue o{ measurmg or even quahtetlvely assessmg the eﬁectwe-

ness of Federal Civilian-Oriented Ri &D.’ (FC/R:&D.) is far froma

~ matter of merely collecting existing dats and- ‘performing some statis-

tical analysis to see:if the cutpiit justifies the input.: ‘There are some

severe conceptual, measurémeént, and value' problems. that it be

add{essed before sueh measurement or assessment can be done effec-
tively. -

Coneeptually, the problems mvolve an enaly:ﬂs of the tota.] R.&D./

Tnnovation process, including”its’ involvement with ‘the social sub-
systemis and supersystems which it is intended to serve or which it
serves. inadvertently. This means that the various stages of outputs
described in'‘this ‘paper ‘reguire careful study and-differentiation in
terms of what credit {or blame) the’ R: & D. part of the process de-
serves for its contribution. Then there® is the'related issue of account-
ing for the other important. inputs to the ‘social - isystems; ‘including
pol1t1ea,1 as well a5 e¢onomic inputs. This'Is crucial, since political and
administrative decisions on whether and how to stimulate or inhibit the
flow of the inniovation Process from’ laboratory to user play & decisive
rols in whether any ultimate Fésultsareachieved.
- Measurement problems are also severe fora: number of reasons. One
is that the entitieg or evefits which constitute the potentially measure-
able’ output of the R."&’ D./Innevation (R.. & D./I) process vary
widely in size, form, detectablhty, dlreetness, and other'characterigtics.
Decigton. on a unit of méasurément i’ a task that-has defled many
efforts over the past few deécades to assess the outpuits of the R. & D./1
process. Given that some units ¢an be agreed upon-(e.g:; number of new
prodiucts in the intermediate glages oriincrease in: employment at more
nltimate stages of the total progess) thére is thefundamental problem
of 1mput1ng to.a given 1nput inthis complex processthe proper quanti-
tetlve share of credit for outputs from-the joveralliprocess or the
various ‘stages in’the ‘process. This is- partleular]y Amportant in a
process | suoh as R. & D./L, where' many inputs are: necessary to achieve
useful vesults and none of therd ‘iz suflicient to-dehieve thery,alone.

. Finally, the value questions are perhaps as complex.and il s’truotured
a$ the measurement and conceptual problems.Fo what extent is the
society, willing to spend federal funds to support-and encourage a
process which has'the potential; in addition to helping society at la,rO'e
for helping some individuals and organizations to benefit greatly from
involvement in it (e.g.,'the entrepreneurs and the venture capltahsts)
Is the society willing to'have funds earmarked for o particular social
mission contribute to outputs in another sector::If the answers to these
valug questlons are affirmative, then the budgeting, planning, program-
Hing, management, and-ificentive structure of our' FC/R. & D.
programs should be made ‘dongistent with these valnes.

These comments lead 6 a few specific recommendetmns which are
in an area of" joint demsmn and aotlon by Congress and the
Administration; .

1. Clearer gmdehnes shoul& be estabhshed and enforced on how
far along the R“& D./ Innovatlon contifmum "(lab to market
plaee) the Federal Government is willirig-and- able to go to
_encourage and mﬂuence the R. & D / I proces o &
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tions on' whit the Sdonomists call “externalities?=—who pays and:who
benefits, If consumer or’ citizen A “gets less'fun out'of 11fé because
his nelghbﬂr B'has & new rtechnologlcal toy '(vehicle; noise emitter, or
kwecz;,lpon)' how do we v 'lculate a,nd oﬂ'set rbhe cost and bene,ﬁts to
oach

One dlrectlon of retrea,t from th1s dﬂ’ﬁcult problem i3 to stop short of
this' attempt “at “altimate measures of cost benefits to consumers or
citizens as a ‘whole and back up along the R. & D./Innovation. con-
tinuym of ﬁgurg, 1 untll we reach a comfortable ‘and feasﬂole mea.suz mg
point,

For example -\the, costs of pollu'tmn-reducmb eqmpment to the pm-
chaser and ‘user'may be clearly evident, but the benéfits to him or his.
organization may not, even though the genera,l citizenry benefits from:
less pollution: in then' environment. Meagureiniént’ at‘the level of the
purchaser or user is becoming miore sophlstxcated and, ‘in:‘some. in-
stances, les§ polemic'and miore économically realistic. T hereani (1)
avoui pena,lrbles, work stoppages or loss ‘of - business,’ and -(2) even
recover materials or energy and improve: his production methods as
s ¢onsequence of the attempt to reduce pollution, this cutcome: should
be offset against the costs 'of installation and operation of the equip-
ment. Some analysts’and Wsers dre begmmng to think this way-and,
if cargful megsurement and’ a.nalys1s are carried out on a comtmumrr
basis, we might get, as a spinoff, very go6d indicators of the contribu:
tion of some Federal R. & D, output.s——e g pollutmn measurement
methods and equlpment - ‘ ‘

.44 The E’ﬁects of Fedeml Patent cmd Lwe/nsmg Polecy

The s*pecml issue of federal patent. and 11cens1ng pohcy i raised
freqmntly in any consideration of barriers and incentives to tec}molocl—
¢al innovation.” However; the general . and oversimplified view that
patent. rights or exclusive hcensmg make all the difference or the major
difference in whether a particular.innovation will be commereialized
or utilized is, indeed,n gross oversimplification. In certain industrial
sectors, patents are very important. They provide the protection neces-
sary for an entrepeneur or.an established firm to make a significant in-
vestment in a'new product or process with the assurance %ot always
warranted) that the fruits of his invertion (or the rights to someone
else’s invention which he sécured in ‘one way or another) will be
honored and that he will be secure in his exploitation thereof. In other
séctors, patents are not very much used and do not offer the classical
protection which the notion of “patent” implies. In those ﬁelds, ¢ost
of entry; speed of entry; ability to advertise, market and service a
producty:proprietary know-how; ongomg R: & D.; and other factors
may mearmuch more than’ the: ‘meie: possession | of 2, patent.: AIn. still
other industries, the filers of patents ¢ount on delays in the system to
keep their inventions secret: for enoutrh tlme for 'b'hem to; gain- & mar-
ketmg or cost-or other advantage. :: :

-In view of this mixed situation, 11: s not clear that ma,mpula,tmns of
the patent system as such. will make a’ ‘tremendous impact on the rate
of mnova,tmn or the adoptmn and ut111zat10n of 1nnova.t10ns from
FC/R. &D.-

‘We have been mvolved in a num'ber of stud1es related to the par-
ticular aspect of this broad area that deals with the issue of exclusive




54

policy spécialists, congressional committees, and ‘others. Few of them
have been resolved i a manner that givesclear guidance to'improving
the R&D./Ip: s-and the output of results to the'economy and the
society. These issues are: ' - RERERERS

4.1, How Far AZong. the Labomt,org—io-ﬂmrké P&‘béess‘ Shéuld‘tﬁe-
‘i Federal Government Be Active in Attempting To! Stimulate: the

“1iGurrent: experimental incentives being tried or proposed in various:
agéncies foéus on different:phases of the procéss—irom improving the
R. & D itself, to providing test'and validation facilities and funds, to:
stimulating the ‘coordinationsof tethnology ‘sources, manufacturers,
users and capital sources: Somie-of ‘these experimental: incentives are
being used in an exploratory manner:and will require legislation or
revised’regulations to imake them routinely available, if they prove
efféctive in the experimental phases. iOthers can be used by specific
dgencies :and programs immediately and Toutinely if they: prove to be
effective. For those in the former category, certain ambiguities exist

- in‘our 'national ‘attitudes. Some of the incentives will involve actions
that ‘appear to:be “give ‘aways™ of Federal property: or preferential
treatemerit to particularinanufacturers; distributors, or usersin order
tomiotivate them to participate, The ambiguities of our feelings and
policies in'this area can serve as substantial'barriersto irnproving the
effectivenessof such incentives. ' An example-is'the current uncertainty
about the legality or propriety of granting-exclusive licenses to gov-
ernment inventions (discussed below in more detail).:: . i '

1.8, What Role Should the Federal Government Take in Finanéing thé
- Commercialization and Application of Results From the FO/R. & D.
S Programs® Do R T T s

.~ This-issue involves the familiar questions-of the Federal Govern-
ment’s role in providing!dr-encouraging the provision of venture capi-
tal for private exploitation of téechnological innovations., @pinions.on
this subject range from complete disassociation. of the Federal Gov-
ernment from any commercialization aspects to heavyinvolvement in
direct financing: Intermediate roles:involve tax concessions, easing of
securities regulations, direct subsidies for some: earlier phases of the
R. & D./I process, provision of information and: Fedéral facilities at
low or no cost, and many others.® - e Sl

~"0 Beveral recent studies by our group 'and & number of foréign dollaborators on incentives
and barriers In the R&D/Innovatlon: process conclude ‘that the role of current -Federal
incentives to innovation at the level of the flym and the individual R&D/Innovation
profect 18 very slight. This does not mean that it is impossible to influence Industrial -
decision-making.-on the . R&D/I process.through. government intervention, but that-the
many lidentlves and regulations now 10 ‘existence are not very ‘effectlve or even visible
to industrial manggers who are constantly making decislong about the R&D/] process. See,
for example: a) “Tactors Influencing Innovatlon Succeess at the Project Level A, L
Rubenstein, A, K, Chakrabartl, R. D. O'Keefe, W. E. Souder and H. C. Young, Research
Menagement; Vol - 107 No.. 3, May. 1976, pp. 15-20: h) - “Management Perceptlens of
Government Incentives to Technologleal Tnnovation in Englsnd, France, West (Germany
and Japan,” A, H. Rubenstein, 'C. F. Douds, H. Geschka, T. Kawase, J, P, Miller, R,
Saint-Panl,- and D, ‘Watking,” January, 1976; -and ¢) “Tnnovation JIncentive Programs in
Three West Buropean Nations : France, West Gerinany (F.R.G.) and The United Kingdom
U.E.)."D. Watkins, B, M. Kéhler, A: H. Rubensteln, and R. Saint-Paul, May 1976 ; both
of the latter papers are In press in Technical Tnnovation, RED ond Incentives, edited by
Donald B Cunningham, John Craig, and-Theodore W. Schlie, Westview Press, Boulder,

Colorado.
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many con31&erat10ns, declsmns, and actions are involved in the typlcal
commercialization or other utilization ‘of even & single innovation—
&.g: & new product or process, other than minor improvements.

- Tn a:vecent study of the use of the Federal procurement process as a
sotivee of influence on technological inhovation, we identified a large
number of actions and deelslons, each influenced by a number of eco-
nomic and other considerations, which were potentmlly part of the
utilization or appheatlon ste.ge. They are (not in order of. lmportance
orsequenee) P R
Deelsmn to b}d on 2 development contract, -, P
~Decision;-on, Whether to set up a SPemal oroamzatmnm—e !
: . project group.. .- ‘ : : W

Whom to assign.. .~ -
i How much resources to allocate, ;-
_Key man assignment or less ca.pable per
LBl entrepeneurlal respon51b111ty to pr
. One;shot versus follow-on..
Go intoit ena full scale.ornot.
Make or’ buy components, ma.tenals, serwces, fa,elhtles, prod-
uets, equipment. . . - P R LRI ET.
New faeilities or el 1pment -
Merger or acquisition to obtain. echmeal
';ketmO' capability. . e
Toohnw—new, extent, quahty :
Market: research——dewree of effort. and commltment
. oetup new . dlstrlbutlon system.or. ehange existing one. -
Reps, direct selling, other forms of dlstrlbutmn set.up on a
srrproject -basis: :-E-,;: Sepmesn Dots taing
Initiate or accelerate I3. & D
- Hire:specialists: . :
- Bid high or.low—h
credlblhty or. reputatlon in; the ﬁeld o
X Dee151on to innovatebeyond thespecific order :
~ Critical, path, behaviors or events: tooling, letting. subeontraets.
Entry inte o new field 61 just-moving slightly to one side.
- 8et up separats government. product. division or. Group :
... Optimize profit on-a particular, order,..
- Beparate/1 1ntegmted organizational form;
- Project/. funetlonel setup of R..& D ‘and related . nnovatloli
‘LthVl‘tles sl ogroiin o

ct leader or less.

.. Leveliin the orgamza,tlon oW, 1mpor’bant 1s, the pro eet) =
~ Investment . level ~and al]oea,tlon tof d1ﬁ’erent phases of- the
R &D./T process.

Source’ of . funds—cash .flow;
r'.debt . ,,
© . Search or devotmg gelective: attentm to opportunmes o :
.. Pursuit of an RFP.or: sollelftatlon W blt afield: from refrular 11nes

: »;_of business.; . o T
Investment of tlme, manpower money, exeeutlve a,ttentmn in
search/bid activities,

reserves, go to bank 10119r term

4 Trrom Adbert H. Euhenstein and Michael REadnor, “A Model of the Responges of Indus-
trial Pirms to Federal Procurement Incentives: A Report to the Experimental Technology
Incentives Program (ETIP) of the National Bureau of Standards, U.S. Department of
Comomerce,” Northwestern Unlversity, June 1975,
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' Figures-2-5°* present some illustrative indicators related to the
various stages of the R. & D./I process for several areas of FC/R. & D.
—energy, transportation, health care, industrial products and proec-
esses. Despite the above difficulties, many attempts have been and are
being made to do such measurement. We feel strongly that useful
results can be achieved by improved methods-of identification, measure-
ment and analysis of the results of Federal civilian-oriented R. & D.
(FCG/R. & D.). However, in order to accomplish this; serious efforts
will have to be made by both the originating agencies and other orga-
nizations to monitor end trace the flow of innovations from R, & D. to
other “downstream” phases of the overall R. & D./Innovation process.
"That is, if there is a sincere interest on the part;of the Tederal execu-
tive or legislative branches to determine the benefits from R. & D, on
a continuing bagis for the purposes of improvement in the process,
legislation, and. policy-formation, then resources must be provided
for the measurement and analysis required. I say this with mixed
feelings, because many of the new “evaluation” efforts in Federal pro-
grams-are running, wild and need, in turn, te be evalnated for cost
benefits to the society and to the programs which they are supposed
to beevaluating. Much. of the effort being devoted.to such “evaluation”
is currently distracting from. the prime mission of .the agencies. or
programs-being evaluated. T think some of this will sort itself out as
evaluation methods are improved, as specalists.are trained to do both
the conceptual and mechanical aspects of evaluation, and as agency
and: program managers begin to view evaluation as an-integral part
of performing their mission, rather.than an intrusion on their preroga-
tives and . normal operations. The entire U.S. R. & D. establishment
has: been relatively: free of pressure:for. output measurement and
evaluation until recently; and it will take some time.for the people in
the R. & D./T process to get used to the idea that their output. must
and can be-evaluated on a _continuing basis and to tool up tocontrib-
ute to it, so that it is: not “done to them” entirely by outsiders. The
idea of evaluating returns from R. & D. is not ,f{)_rélgn' to industrial
R. & D., where efforts have been made to do so for decades, at the
individual company level..The fact that few of these efforts have been
fully ‘successful or convincing. to top management or hayve become
standard and widespread is less a reflection of the motivation of R. & D.
people than the Iack of capability and techniques to do.the job and
lack of a consénsus among their non-R. & D. colleagues on how “credit”
and blame shiould be apportioned. . ...

.- Meagurement of effectiveness of R..& D., then, ismot merely a matter
of technique, even in the private sector which is:very conscious of
cost/benefit type of thinking. Tt involves agreement on both ithe need
for such evaluation and the methods of approach: which will be both
aceurate and fair to the parties concerned, And it needs adequate time

and resources for the measurement process ifself, -

_ 2From the sertes of Aregorts.;tq’,NSB‘;on,“.E_xplqratlon.\uf:Science_ Indieators” by A, I
Rubenstein and Hlezer Gelsler, op.eits e P Sk

7oA




48
Other Federal’ BI&D efoits aré more dlﬁuse (eg spa o enefey 1
gendral, National Science Foundation) anﬂ 1t is’ not” clea
which areas.to look for'direct benefits. " 7 o o oan A :
* Figure 1'* snggdsts the genéral problem encountered in attemptmcr-
to dlrectly measyrs the effectivenéss of R & D.in dny sector, but par-
ticularly In the civilian sector of federally supported R. & D. .

The framework of fignre 1 containg five major-“stages™in- ‘the-rela-
tionship between inputs to"R. & D. and ultimate measures of social
and; economic- benefits. This hlcrhl;y s1mp11ﬁed ﬂow model considers a
number of levels of output :: s . ' o

Immediate outputs. (box: 2) are. dlrect outputs ot t e R. . process.
They are claimed by-R: & D;practitioners as being the direct result of’
R. & D. activity. These. outputs appear close,in t1rne, to the, perform-
ance or.completion of an R, & D actlwty. (e, g, a report pubhcatlou
draft or patentapplication)...”. . : :

- Intermediate outputs: (box 3) sre those-.rlmmedmte output n or-
porated as inputs to a social sub-system. (e.g., new drugs or.new diag-
nestie. techmques accepted for. poteutml usage by theVI'—Ieelth Care
subsystem).: - - ‘i

Pre—Ultlmate outputs (box 4) are the recoo‘ 7ed_ outputs of: a 's'oc'ml
stbssystem. which;-at least partially, may be; attrlbuted to the previous:
absorption of the intermediate outputs. (e.g., cure.of certain diseases.
in patients processed ithrough the Health Cale sub-system . and, at-
tributed to the use of the new drugs or diagnostic techniques)..

Ultimate outputs (box 5) are those pre- ultlmate outputs. Wluch are-
1nputs to,-or elements of, the. quality, of life ( Q,OL) —as, contrlbuted
to or:enhanced hy.the speclﬁo sub-system. . ..

“The hnkage marked (b) concerns, the 1nput or. utlhza,tlon of the
1mmed1ate outputs of R. & D (e.g.:innovations, patents, ideas). to rel-
evant social activities (e.g., health care, law. enforcement)

+For example, consider s, sub-system. of Criminal Justice: TLaw L‘n—
forcement (LE). Some immediafe. outputs of R. & D, e.g. innovations
in.the area of: comrnunlcatlons1 may be utilized by, the components of
the LE- subsystem, in.its.vegular operations.” We must, however, dis-
tinguish between, nnovations developed speclﬁcslly for the LE sub-
system and all innovations in the field of communications. In other
words, due to the lag times in the technology transfer process, innova-
tions in communications may have been. produced in time @, ywhereas
the LE- subsystem 1ncorporates or adopts the innovations in time o -+¥.
Any causal association would require the con51derat10n of the lq,gged
reactions of the subsystem to the innovation... . .

. The" analys1s of each subsystem in the R. & D. stao'e 1na,y uncover
additional intermediate stages, and. subsequently a,ddltlonml measures.

The association between intermediate and premultlmate R. & D. out-
puts refers to-the- input to the social subsystem and the output of the
same subsystem. Again, considering the LE subsystem, the output of
the subsystem may be measured, by such.indicators as the number, of
crimes: detected or so]ved or; other 1nd1cmtors of the per form&nce of
‘the: subsystem

A major. problem in-the process 1s the deﬁnltlon of the output of the
soclal subsystem LE output Measures are sub}ect to pohtzcal con51dera-

. 2 From Progtess Report No 1 to Science Iudieators Unit Natmnal Science Foundation,
igl%xéﬂoration of Output Indicators from B, & D, by A, H. Rubénstein and B. Geisler, June
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1. IxTroDUCTION

This paper is an attempt to address a significant and perennial issue
in the ﬁeld of science and technology policy—whether we are getting:
our money’s worth from the research and development (R. & D.) pro-
grams conducted by U.S, Federal civilian agencies. This is, of course,.

- a complex issue which defies direct, simple measurement and evalua-
tion. It is, however, one on which many opinions are expressed con-
tinually. My viewpoint is that of an active participant in research and
consulting and direct involvement in the R. & ID./Innovation (R. & D./
I) process for many years. My special interest in this field is described
briefly in the note of section 6.2

*Professor and Prineipal Investigator, Program of Research on the Management off
Research and Development, Department of Industrial Engineering and Managemeént .
Sciences, the Technological Institute, Northwestern University, Evanston, I1L

1 See section 6, p. 59

(46)
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track; record would went to:retain such programs.in order to evaluate
agency performance, A. different vehicle is neéded to influence sgency
behavior and alter the decision-making prodess. Cong ress-would have
to establish boundaries. With thousands of research projects there
would have t6 be some threshold to determlne what part; of'an agency s
operation merits review.. . _ .

Depending on. ‘the response by Congress to an evency s track record
budget estimates might become more realistic and reliable in order’ to
earn the confidence of review committees, It is felt that program man-

_agers, by having to prepare SARs, are made more sensitive to cost
growth, That should affect the relationship between agencies and con-
tractors, for both would stand to win orlosé on the. besrs of the integ-
rity and credibility of ‘budget estimates: A track récord could thus
have a self-policing quality. It might also be, a vehicle for additional
analysis, for the disparity between the performance of different orga-
nizational junits, or, between military services, would prompt mvestl-
gation as to Why some units faré better than others: ‘

‘A number of difficulties, of one form or another, cen be ant1elpated
Atreney heeds, particularly when turnover is hlgh may attribute an
unattractive reeord to the. shortcommgs of their, predecessors The
committees will probably be told that.new agency. reguletmns, Tecently
promulgated, can be expected.to prevent a repetition of such. problems
in the futpre. Yet Congress can. insist that the. evrdence iost, persua—

81ve’ ls ot ] promlse but the proven record

‘ The R&D Subcommlttee will a.lweys be 1nvolved in som 5
program manademen't ‘The Chairman has to defend the ailthorlze on
bill when' it. reaehes the floor. He- ‘must entlclpete questions snd cri-
tiques of the various programs. Itiis essential that he demonstrate to
his colleages that he has done his homework, for otherwise he is
vulnerable to selective éuts or ‘acrogs-the-board reduetlons ‘Moreover,
publicity in the press concerning cost overruns or poor performance
will push the Subcommittee into program: ‘manager issues. The tight
schedule.of the new ‘congressional budget process also puts a premium
on time, malking it difficult for the Su%commlttee to reach heyond in-
d1v1due1 programs to explor' fundamental questmns of need end puz-
pose. I

To sup lement the spri heerlngs on. the annual"authorlzetlon b111
the Subeommntee' could :§1edule fall hearings on a regular basis to
examine broad issues. The Senate Armed Services Committee did that
in. 1971 when it-beld, heermgs on “Weapon Systems Acqu1s1tlon
Process Lo T ; :

Fall hearmgs could o eentrate o fundamental questmns How do
R&D programs relate to: defense, strategy and foreig policy objec-
tives? Is thete enough information to conclude that %%wet R&D ex-
. penditures are at.a level .equal.or greater than ours %.If we know. what
the Soviets are spending; how much' of that: effort is ineffective becarise
of managerial 1:neﬂ'u31enc-,1es2 How much of it is directed ot against
the United. States but against the People & Republic of China? - What
Eart is‘defensive in nature and’ not a‘threat to.the United States? Are

argaining chips effective? Will heavy expenditures for R&D en-

I FABRLaY




42

who' pressitly assist the R&D’ Subéommittee speak candldly of the
frustration ‘they ‘feel in trymg to chscover an adequate handle to
a,nelyze budget requests, -

Frequently ‘it is proposed’ that. Convress acqune additional staff
capabahty CED for example, recommends that Congress establish an
office to assist in the review of the defense budget and Weapous pro-
grams.® Such proposals are received sLeptlcally by the ¢ongressional
staff presently responsible for’defense authorizations. Recent yea,rs
have brought a dramati¢ incréase in legislative staff, including the
greatly: auwmented responsibilitiés of the General Accountmg E)ﬂice
and the: Concressmnal Research Service, the new Office of Technology
Acsssessmierit, and the résources available from the niewly created Budget
Committees and: the Congressional ‘Budget Office. The' feelmg TUnS
deep that Congross, at- Jeast for the tlme be1n0'""has reached o sa.t’ ration

oint, : .
P Assistance at'this point' must come in 4 form that easés the birden
and snnphﬁes the task. Whether studies are eonducted_ by existing
stafls, a new: permanent oﬁce, ora temporary ‘commiission, thére must
be apprecla.tlon and sensitivity for the intende schedule: that already
presses ‘upoli congressional’ commiittees. While the- number of ‘réports

}ai,nd analyses may chmb Wlthout 111n1t the day remams fixed at 24
ours.

P’rogmm—M cmaqer Hole _

The annual authorma.tlon procedure, By 1mmersmg the Armed
Serﬂces Committees in a welter of detail, stands the risk of cbscuring
some of the larger policy questions that- Congress is called upon: to
resolye, A.step in simplifying the annual review was taken by the
Pentagon in-its fiseal 1976 budget, which organized R&D programs
into two groups, each-having: sepfzra.te objectives:- (1) Group-One
represents theicreation:and. demonstration of options:which may be .
‘useful for. future military capabilities; (2) Group Two' consisés of
full-scale system .development for potentm] deployment. :GroupOne,
compoced of ‘thousands of individual projects, ameunted to'a fiscal
1976 investment of roughly $4 billion. :Group Two, with only a few
hundred programs, totaled about:$6 billion. The Pentagon considers
the advancement. of a proamm :Erom G'rroup One to Gronp Two as-a
crucml commitment, o2

- Fhe Pentagon. mv1ted the Subeomnuttee to examine. the programs
from this. two tier perspective, reviewing: Group Oné programs in a
broad sense rather than element. by-element. Detailed consideration
by the Subcommittee wag to be.given only to programs in Group
Two (2642-2643, 2659-2662). When a staff member of the R&D
Subcommittee. questioned the pelicy:.of excluding. Congress from a
close’ inspettion -of Group ©One programs, Dr. Currie said thit his
statement might be subject to- misinterpretation and “could ha,ve been
stated better.” "A_number of programs were not. “clea,nly ifv:one
category or the other” (2810).

The R&D Subcommittee is often preoceupied ‘bv program-manager
details that shonld have been resolved. earlier st the: departmental and
agency level! Hoty cat suoh detall and. deolslons be pushed 'baok to

“on Chmimities fo¥ Reonotic "é

¢ { Iopment C'Ong? essio 1
Security, September 1974, at 24, -

7 .Decwum Mar./f.ng for Naﬁomt
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commlttee & During his two years ag chairman of the Appmpmetlons
Committee (and. of the defense appropriations subcommittee), there.
remained a cloge. linkage between the Appropmatlons and Armed Sery
ices Commiftees. ¢ N i
~Allen’J. Ellender beea,me ehaurma,n of Senate Appropmatmns in,
197 1, chairing also the defense appropriations subcommitiee. Since
Senator Ellender had never served:on Armed Services, the relationship,
between thetwo full committees Was now different. Coordination -be-,
tween the two committees Wis helped by some overlapping of mem-
bership. Senator Stennis was third ranking member of the défense
appropriations subcommittee, Senator Margaret Chase Smith, member:
of Armed ‘Services, was second ranking minority on the defense appro-.
priations:subcommittee. Mmeover, three members.of Armed Services.
sation the ‘defense; rctppro:prla,tlons subcommittee :as “ex-officio” mem-
hers “Senators Stuart.. Symington'and Henry, M. .J a,eksen (for the
ority).and Strem Thurmond (for the minority). . L
As a result of the Legislative, Reorgemmtlon Act of 19(0 :
1& pping membership on,. .major. commijttess is now- being phased out:
A “grandfather ¢lause” protected’ Senetors who en;oyec} dnal status:
on, the following, committees: Appropriations, Armed- Services, i
nance, and;Foreign: Relations. When Margaret Chage Sthith left the;
Senate, John Stennis became the. only- Sen&tor Wlth dual mermbership:
on-Appropriations and:Armed Services: . D P

“The .relationship- between Approprmtlons and Armedeervmee
changed substantially after. 1971..During-debate that year on.the de-,
fense .appropristions bill;.Senator: McIntyre offered : an -amendment,
to restore-most .of . what: the. Approptiations Committee had cut. from:
military R&D; The: Committée, had jpared the R&D :budget:by $112.

‘million, leaving to the military services considerable discretion.as to
how to allocate the cuts. Senator 1 ’v.[cIntyre said that “to reduce the
budget request by.a lump:sum smount is.nnwise. It mhay.be interpreted
as mdesteppmtr to a degree the need to examine the details of the major
programs'so that spec1ﬁc reductions cin be made where and when' sup-
ported By the factsi It may also be'interpreted as velinqaishing to'the
Department of Defense the responslb&hty for deeidlncr how o spread
the reduction.” 7 R : : :

- Senator McIntyre explamedithet:hm ‘awn R&D Subcomm1ttee had
once nndertaken to make perecentage: ciits ‘that -were “entirely judg-’
mental and arbitfary.” VVhen the full:Armed: Sérviges Committde asked
the Subeommittée why a'given: percentage was. selécted, and why'it

* could Mot be twice thit 6r hialf that, the Subcommitted fcmn& ftselim

an untenable position: Thefeafter the’ Subcommniittes attempted tocovar
the major: part; of the budgetin detaili“A¥ a consequence,” said Serisitor

MelIntyre, ¥we were able to conie upWith specific’ regominendations by’

individual programs’ ‘right down the: lme, and- they were' sustamed by'

the Hull.committes ard the Senate as'a wholg:” 58 ' L

 Aidialoguebetween Senators McIntyre and Ellende; llustrates some’
of the fmetlon between the’ su.u:homzmor and a,ppropmatmrr committees.

"85 Thig custom beea.me a matter 01! Seﬂate Ruleg as sﬁlt of the Levislatwe Reorgu.mza-x
tlon ‘Act of 1870 (P.L, 91—510) Bee. 132 £), 84 Stat 166—-67 El.‘hls 1s now mcorporated as
part Ofll. Senate Ruleg XX

ara, ra

R 1 ik '91-510, sec. 132&). & tat. 1166 Incorporated ag Paragraph B(e) of Senate
1J e -

o %17 Cong Rec 42933 (Nov 23 1971) :
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“Senator McIntyre commented on the fact that “you get one brlgadler
_general, one congressman, on an R&D ;)rogram ‘and just try to turn
that soni of a gun off, You cannct do it.” That was a problem not only
_1n advanced R&D but in more junior programs as Well (3322) o

/S’ea,rch far Substantmtwn -

After the protracted struagle ini 1069 and 1970 over: the Safeguard
EABM system, ‘with the principal challenge coming from’ the Senate,
review hearings by the Senate Armed Services’ Committes Tevealed
Al firmer and more resolute tone. During hearings in 1971 Senatof Sten-
‘nis warned officials from the Defense Department “T'know 4 long time
“you ‘were able to justify $7 or $8 billion worth of what is roughly ¢alled
‘research and development and evaluation by just talking about the im-
‘portance of résearch in' general terms atid you got those bllhons of
dollars, T’ do not think you will'be able to do that much longer .. . T
;t}l:mk ,s’ome year, 1naybe thls ye ou wﬂl be r1d1ng for a fall o th1s
.’t lng 53
- During the 1975 hearlngs Wwhin the Pentagen relied ‘'on assertlons
“and ¢laims without supporting’ dociutentation, members of the R&D
Subcommittes pressed for: evidence. For example, the DOD justifica-
tion statement claimed that Soviet air and missile defense R&D efforts
indicated that they intend-to upgrade their defénsive-forces: “The
,overall mao-mtude of their R&D effort’ causes 1§ ¢concern becalse’ our
efforts’in thls area are to [sic] austere in comparison” (9703) “Astaff
-member asked what wasthe quality of Soviet ballistic missile defense
today #nd how did it compare with the'Saféguard syster. Dr: Currie
repl ‘T don’t know:” In'a’ statémient provided:for theé rétord; the
='Penfsacron concluded that’ “onit” uticeitaintics ‘a5 to the ‘prirpose dnd
“precise nature’ of these adtivities precludes any frim’ dstermination of
"the ‘size of ‘the total Soviet ABM R&D effort” (2871-2872Y." Another
statement for the record estimated that'the United Statés wag ot ten
years: ahead of ths Soviets in ballistic missile defense teehnoloofy and
It wis “entlrely possibile thait véare Not five years ahisad? Tt was Telt
thit'the Soviets had a stronger resolve to develop and test BMD sys-
‘tems (2873): A rofined by those remarks, the oncrmal statem aakn has an
-abrup and stark qinlity. v ; '

Iso jarting was the Statement tha

protwth’ into the 19808 “eotild résult in! Soviet’ domination’ of all’ ‘o
“Tanes”’ (2944). Senator Leahy asked whether that meant rthat the So-
‘viets Would 'determine whether other countriescould use the's¢a lanes.
‘Mr. H. Tylér Marcy; s new’ Asmstant Seeretary -of - thé Navy,rha__d
'jdlﬁiculty_ i formulatmw a reply e

.. The gt n trying ko ‘mike; masfar as the ,_esearch Work is concerned, this
programmatlcally, what dominates our thlnkxng is not go itch force Dbalance or
“maritime balance of numbers of: ShlIJS as sueh, but if you will, the c-ompetltlve
‘gtrengths and wealknesses of our’ situation ﬂ’).lS would be tru '1n, almost any
enterprise.; That.is what e try. to. concenitrate-on. ’ : 5,

And I do'not pretend to be an amateur admiral w1th 6 months m W
reepend1r!;§4 t)o balance quesinons which is why I would like fo. asL the admu'al to

s Fiscat Year 1972 ‘Amhomzatwn Jor Military Procus ement Research.. and De;ue!apmem,

Constraction and Real Estele Actifsition for the Sefeguerd ABM ond Reservé Strengths

é Egr{tlg\l heariugs before the Senate C‘emmittee o, Armed Servlces, 92:1 Cong, :Lst Sess v,
L .__.'T,L,.. s b i |
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inittee Staff wets périmitted t5 attend hedrings, RE 1y,

staff members from Séfiutors’ offices ave nof nly allowed to attend bit
invited to ask questlons of Defense Department Wltnesses" when thelr
Senator ig absent. ,

“The 'workload Z1‘}1‘0‘k)lenr1 for Senators 18 aggrava, ed b mulhple
mittee assignments. One hundred members of ths’ Senate has C
the work'of 485 members of the I—Iouse For ‘the’ ﬁrst SeSSlDIl of the
93d ‘Congress, “House et
mittee” slots - niaverage of ‘56 per member Sendtors’ ﬁlled 1,585
slots~“an averigs of 15.9 per member. With' regpect. to the partmular
asmgmnents ‘of R&D ‘Subcommittes” members—counting committees
and subcomibittees—Senator Melntyre Tiad fourtesi assignments in
1975, Senator ‘Culver six, Senator Leahy ‘six, Senator Taft nmeteen,
and’ Senator Goldwater eight. A number of those assignments’ are to
subcommlttees that meet; 1nfrequentl‘y or riot at-all.

Opinions-differ on the value of multiple’ Subéommittes a551gnments
The practice resilts in sparse’attendance at hearings, ingdequate prob-
ing of “agency testimony, heavy'dependence on committes staff, and
representation at many héarings ¢f only one part 'or ong ph1losoph1cal
point of view. The number of subcommlttees could be reduced, as well
as the number on which any Senitor must sérve, However,'ag Sena,tor
Muskie has noted, that “would also tend to narrow theé aréas in which
he works, and thus narrow the horizon Awithin which he works cre-
atively.” 4* In its report of June 1975, the Murphy Commission con-
cluded that hearings and’ prehmlnary action by even two or three
interested Senators in subcommittee “may. be preferable to. less fre-
guenit. and detmled deliberations at the full committes level. In short
despite, pragtmal limitations, pa,rtmulally in the Senate, active sib-
committees can increase both the scope and depth of Congwssmnal
consideration o "fore1gn pohcy mai:t.ers”‘-"8 S L

-proje

demandmg schedule, how do ‘Seriators. on the R&D Subcommlttee
decide where 0 focus? On what part’ of the budget request do they
concentrate? With what success are programs of low' priority ter-
minated? The importance of programs of a'relatively small size is
borne out by figures released by the House Armed Services Commit-
tee. For fiscal 1975 there were 503 R&D, programs that were less than
$25 million sach’ Yet they totaled $4 9 llo1ll1on or more than ha.lf the
budget Tequest,®

“The' capacity 'of Small R&D pI'O]BGtS ‘to blossom mto bw ones "I
especmlly troublesome when the Pentagon finds it difficult to ter ‘minate
projects. The Senate Armed Services Committee’ observed in 1971 that
the “record is replete with examples of parochialism among the Serv-
1ces, unwarranted duphcatlon of Weapons system developments, and

- “Char]es 0 Yones!
Organization, in the House, House Select. Committee on Committees 93c1 Cong - st Sess.y
Volume 2 of 3, Palt 8 of 3. ot 568,

# Senator Bdmund 8. Muskie, “Clommittees and Subcommittees m the Senate," -in The
senafc I'nstitution, Nathanlel Stone Preston, ed: (106 9y, at1

148 Commission ot the Orgrmizatwn of-the.- G‘wernmmt for the Uanduct of Forezgn Palw,},
Jone 1975 (Washington, D.¢. : Government Erinting Office), at 208-207,

4 Mititary Posttte (Part 4) hearings bhefore the House Committée on Armed Servlces,
94th Cong., 18t Sess., 83735 (1975).
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" Unless “this ‘passage - i reed ‘narrowly to associate R&ED: to: “resl
nieeds;” it suggests teclinology for thé sake of technology: In 1974 Dr:
Currie exiphasized that the R&D budget; in addition to being bagéd on
congressional perception of external threats depended ‘also on: “the
element of faith.” He explained that science, techriology, a’sense of
innovation, ‘and an' sdventurésome spirit had, in'the past, been’ ey
elements “in _building’ the foundation for the past and forthe presént
and T think it will every bit as‘nitich for the future. So in: thls respect
your decisions in this committee are decisions of Vigion.? 3%

This emphasis on technology is significant, since the strong support
extended to scientific research (particularly after the launching of the
Soviet Sputnik in 1957) shows signs of tapering off. In 1972 the Com-
mission on Government Procurement reported that the latter half of
the 1960s registered profound changes in attitudes toward R&D De—
splte the successful manned lunar. landmtr in 1969 '

. public: dlsenchantment 1ed to questlons regardmg the ut111ty of costly de-
fense and epace endeavors especially in the presence of growing discontent.and
concerit for social problems such as eduoatmn, the environment, health, ‘housing,
and transportation. These changes in‘national “attitude dampened the enthu-
siasm for-basic research;. aeademm science, ‘and- the training of scientific: man-
power -in ‘Tavor:of mcreased attentlon to NOTEe 1mmed1ate and v1s1b1e goals in
the publie’ sector“’ Y :
Time magazine, in 1973 deserlbed the pubhes attl,tude t,oward soi-
ence. 48 one of “d[eepenmor disillusionment.” € Dr.. Frederick Seitz,
Pre51dent of the Rockefeller University, has observed that the. trend
since the mid-1960’s has been to “downgrade the emphasis on science
for its-own. sake or for its use in, solwng evéryday. problems.” ' Seien-
tific: research in academic institutions had.been most. influenced. by
those changes, “but their eﬂ'eet runs deeply throughout our society, as
anyone who attempts to raise funds for 501ent1ﬁc research from prl—
vate sources qu1ck1y learns.” 42, L el

III CONGRESSIONAL REVIEW.

. In reviewing the Pentagon’s. request for fiscal 1976 and th; J ui -
Septémber 1976 transition perlod the R&D Subcommittee héld 1nfor-
mal briefings with depertmentel personnel prior to.its regularly sched-
uled hearings. Field trips by committee members and committée staff
were also arranwed Those efforts are suppleménted by year-round
contacts (phone or personal Visits) between the Subcommittee and
Pentagon officials, Correspondence from the committee can also be
effective. For examp]e, in 19758-74 the Senate Armed Servides Com-
mittee was successful in slowing down the Navy’s Surface Effect Ships.
(SES) program. Based on'a GAO stlidy, the committes was able to
Perstiade the Department, of Defense that 1t should not proceed Wlth a
prototype, follow =0n.%3 c

] Fmscel Year 197 5 Autkomaatwn ,for Mmttwy Procwement Research rmd Deeelopment
and Active Duty, Selected Reserve and Civilian Personnel S’trengths (Part 3) hearings
béfore the Senate Committee on Armed Services, 93d Cong., 2d Sess., 865 (19

40 Report of -the Oommission on Government Procurement Decemi)er 1972 Volume Two,

at b4.
#'(tited 1n ‘Anitai I}tzioni and ‘Clyde Nunh,” “The Puhuc Appreclation ot Scienee 1n ‘Clon<
temporary Amerles,’” Daecdulug, Summer 1974, at 192,

4 Bogluating Governmental Porformence: Ohanges and Chdllengeé for GAOQ, s series of
Iegtures delivered at the tnited fitates Generdl Accounting Oﬂice. 1973-1975 (Washington,
D.C., Government Printing OMce, 1975}, at 182: - !

3y, Rept. 884, 934 Cong., 2d Sess., 106 (1974). : ’
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Aldrxdge d1d note that the Soviets “follow a very:-rigid program in
cohtrolling the R&D practices and projections. They. follow a, proce-
dure which’ allows them.to only produce and assemble. and to make
weapon. systems baged upon provern; technolocry Thls then causes them
to ‘be rather slow and:cumbersome in their. approaches to: developmnr
new ‘weapons”. (1715). This- Soviet approdch was amplified -later by
Dr:-Currié, who characterized the U.S. attitude toward defense R&D
as a search for new technology or “quantum jumps,” The thrust ofthe
U.S. effort was to push back frontiers of technolovy, discover. Tevolu_-
tionary solutions, stress innovation;:and foster rapld change,.B; con—
trast, the Sovieta practice a policy. of: “eonservative incrementa, ism,”
encouraglntr step-Improvements of: existing:. systems and components.
Their policy was more evolutionary than revolutlonary (2641}..The
Soviet system *‘seerhs to discourage.real innovitions, and despite what
we' perceive as lange-scale’ development efforts, they frequently fall
s(hort )of achieving “what, we accomplish:with: far, less: direct . eﬁort”

2652 frrs

cLater in ths Currie statement, howgver, this. dlst ction, betwee G
U S.-and’ Soviet.systems of management ‘began to-fade. He said. that
U.8: technology base programs’ (creation of options).are “not: a.lmed
at'explorinig revolutionary concepts but-are directed. towardsiachlemg
incremental improvements in. areas of swell recognized and. important
need ‘for improved. military capability” (2682). He admitted that it
wasian “overs1mphcat10n” fo characterize the 1.8, approach as wholly
gquantum-jump- oriented.: Moreover, the -Soviets were departing. from
théiryincremental: appx‘oach FThey look at: our-system,: see how pro-
ductlve it-has been in the past, and in fact. they.are gomg down pro-
gressive, more-innoyative paths” (2782). To'the House Appropriations
Commiittee he remarked: that in the last 4 or 5 years the Soviets, i inthe
general R&D ares, “have shown sharp shifts £0-a more.guantwm jump-
oriented approach such-as we have,” Preclsely how.the American
and Russian mansgement systems actually differ-was nevermmade clear.

Nor was it clear from’ ‘the hearings whether {centralization? was an
asset or a defect. The Currie statement described the Soviet military
R&D system. as “highly centralized, its.prierities are the highest in
the Soviet economy “and its guldance and control come directly from
the:; Polithiro—about half of whose members -have:technical-back-
grounds” | (2651) ThlS Would_ seeim. to unders ore. the, n&ture of the
Sov1et threat: . i S i '

. -But.other statements, some- already cxted suggest that centmhzatmn
1s notisuch-anadyantage. The Fitzhogh' Report of 1970 warnedthat:a
“hlghly centralized decision’ malking:process oriented to a-single:deci<
sion point; whether the decision poimnt consists-of one or two. Imern; s
inherently inadequate to manage. Ble spectrum of attivities required of
the Department of-Befense.” 77 In-1972 the Director of Defense: Res
search and Engineering (Dr. John 8. Foster, Jr.) distiiiguished-be-
tween two activities:“Weare centralizing inthe.Officeof the. Secrétary:
of Defense the direction and control-of the, intelligence activity ahd the
telecommumcatmns aot1v1ty ] but weare decentrahzmor the execution of

ls il
T R TE

0 Depariment of Dej’ense A.ppropriatious J‘or 1976 é_z.tt 43
Committee on Appropriations, 94th Cong,, 1st Ses’s . 94445, (1975) o
.5 Report to the Prestdent and the Seoretary of. DefenSe on the Depurtment oj‘ Dej'ense,
by the Biue Ribbon' Defenge Paxe], July 1, 1970, at e8; o f
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weapons and: weapon carriers,-the. accord “re—enforees our. need for
technological progress.- Evolution in performance of strategic systems
will now be the decisive: motivator on Lbofs]a snies as we seak. further
agreements” (2640).

- Both arguments deserve careful semtmy= since they put the Pentacro,n
in essentially a “neéver lose™ position. Detente-and arms. control.are
given as reasons for increasing R&D efforts. What, if deterte. were
replaced by & more hostile. political environmental and arms control
‘gave way to an.arms race? In such'a case wouldn’t the Pentagon alse
cite:those: developments to.justify greater R&D spending ? Whatever
happeris t6:those external:variables, the result seems to be a request
for additional funds. Apparently those variables are decidedly second-
ary and subordinate to the central test, which is the strate; e Valne of
weapong systems: "As'the Director of. Defense Research ang ineer-
ing ‘told_the:Senate Armed: Services Committee.in 197 1 ~4f there
“were o Soviet threat, if there werenio threat:around the World I would
e the first to' come'inand ask this committes to ‘Feduce the 1esearch
and development budget of the Department to zero,” 20" " :

The claim that, detente requires a “renewed emphasus” on rlaee]molo oi-
cal competition is not elaborated in; the Departiient’s published ]ust1-
fication statement. When Senafor McIntyre asked why competition
could not be eased, Dr. Currie replied: “I think that long-range comt
petition is uneontrollable from our point of view. That isthe world
environment. . We are'in a position of’ havmg to respo:nd ’We ]ust
don’t havea eh01ce inthe matter” (2800).

The propom’mon that arms ¢ontrol requn'es greater R&D efforts
recelved more attention, The request for funds for ballistic missile de-
fense was justified in part as 2 hedge against sudden ‘abiogation -of
the ABM Treaty (2704, 3234). But other ] Pentagon-officials plan their
budgets on the assumptmn that there will not be abrogation. Mr:
Teonard Sullivan, Jr., Assistant Secretary of Defense for Program
Analysm and’ Dva]uatmn, told the Houde Commiittee’ on the: Budcret
that hig ﬁve-yea,r budget projection was bised on the 'Lssumptlon that
there would be no abrogation of SATT Sgreements.® - =
' Dr. Currie maintained that in an'era of mutual restramts and ATmS
limitation “we. should continue'to ‘pursue promising” ‘techriclogical
options in our strateglc programs both'in order to preserve ourcapabil:
ities and to encouragé the Soviets to hegotiate futitre arms limitations
by convincing them of the futxhty of attempting to surpass-us” (2693).
Increased R&D might be a basis for cutting back on progiirement; but
that is only one of several possible scenarios.’A” larger bidget’ for
American R&D might also prompt the Soviets to increase their: budvet
Tt was this action-reaction pheriomenon that former Defense Secretary
McNamara singled out as the fiel behind -an’ ‘arms race’ On what

‘basis does the Pentagon conclude that its scenario is the most likely?
'I‘he public Tecord is mcomplete and unpersuaswe on that issue. .11

“Some commentators have argued that arms control is itself .a’ stim:

ulus for la,rger expendltures on R&D It is suO'gested that the partla,l

" 20 chal Year 1972 Ant?wrizmtwn ,for Mmtary Procurement Resewmh M’bd Devclopment
(’onst'mcmou and Real Estate Aequisition for the Sefeguard ABM end ‘Reéserve Strenqtbs
{Part 1), hearings:before the Senate Commlittee on Armed. Services 924 Cong
441 (1971) Statement by Dr. John §.:Foster, Jr.: A

80 Force: Structure and Long-Range. Progectwns (Part 1), hearinga berore;, hé House
Committee on the Budget, 94th Cong 1t Sews., at 4 o ol . e -

st Robert 8. MeNamara, Tke Hesence oj‘ Securlty, 58—.)9 1968) LT B
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Within Armed’ Services: The ua.hty of the presentation detériorates’
swhen there is high turnover of agency personnel. Administrative of:
ficials, who have but a yeir ot two at.the job, must spend miost of their
time gaining a general oriéntation - and acquiring basic Imowledge
about the programs and projects within' their ‘control; That léaves
little time for analysis and. independent inquiry, Dependence on miili-
tary and civilian career staff is necessarilyhigh. The maximum limit on
career salaries in‘the exécutive branch, in place since 1969 and modified
somewhat in 1975; Hag made it difficalt for the Pentagon to reerult and
hold the type of people it needs’ (1971, 3326) .

' For the past four to five years ‘the Pentagon ‘has madé eﬁ’orts to T8
tain military project managers for longer periods of time. Previously,
turnover was high among military personnel who-found themiselves
temporamly aSS1gned to the role of project manager. To enhance their
career ‘opportinities they, preferred’ to inove from one pdsition to
another, picking up experience and training in ‘management, intelli-
gence, command of troops, and other tasks. Atthe very point that they
learned their job as project manager the assignment would end.
Months' Would 2o by before a replacement : ﬁlled élle slot and compre-
hended the. onoromcr problems 28 o ) 1 L

The R&D Subeommlttee expemmenrbed mth 8 hew a.pproa.ch i 197 5
In ‘previous vears the question “Why do you nieed this?” often went
unanswered beeause departmental witnesses weré basmally program
managers or engineers. The Subcommittée had limited suceess in éxam-
g the’ speclﬁc details of the current and projected strategic threat,
the quality of intelligence estimates supporting the threat assessment,
and the relationship that existed between foree levels and the threat

To strengthen the Subcommittee’s analysis of those areas—in more
systematm and integrated fashion—hearings were held February 25,
1975 to listen to representatives from the strategic programs offices and
the Deféense Intelligence Ageney The need, for a strategic nuclear de-
terrent was d1scussed solely in terms of the Soviet Umon ‘Asnoted by
one. representative from the Defense Deparltment the People’s Re-
public of China “does not pose a stretegm military threat to the
United States at the present time nor do wesee any change of the status
for the near future.” Chinese nuclear forees dld Tepresent a threat to
the Soviet Union (17 11)

‘The' Soviet: threat to the Umted States’ was descnbed _a_mly
elong ‘the. following lines:. forces : .deployed, weapons, performance,
commitment of funds and human Tesources, and advances.in science

" and technology. Mr.. E..C. Aldridge, Jr., Deputy Assistant Secretary

of Defense (Strategic Programs), Warned the Subcommittee that the
Soviets are “deeply “committed to the advancement,of seienceand tech-
nology: Accordingly the U.8.S.R. has allocated a-greater. share of its
resources to military production R&DD than any other world power”
{1713). Director’ Currie, of Defense Researchi and. Engineering, said
that the Soviets were “working hard to change the technology. balance

by trying to gain initiative.in: aily are of‘--m111tery R&D” (2651)

ey Testimauy by ‘Gilbert W Fitzhugh chall‘man of {He' Pres‘ldeut’s Blue Ribbon Defeme
Panel, Weeporn Sysiems Acquisition Process hearings before the Senate Comm!ttee on
Armed Services, 92d Cong., 15t Sess., 45 (19713, ST



mbré 1nformat10n for C‘ongress”lt _a,ccent\" ted
Congréss, pitting authorizatior ‘
inittes; Tn the words of oné analys
~By stressing committee prerogatives and the questmn of what comm:lttee should
make decisions, not what decisions should be made, Section 412(b)._ weakened
congresswnal cohesion which is a prereqmmrte for the effective assertion of Con-
gress” anthority, espéaially in'the’ ‘face'of growing ceurtrahzatmn in the executive
branch: The diffusion and-dissipation: of! congressmnal power and ‘authority: were
more pronounced in.the House, where the armed. serviecs:committee and the ap-
propriations defense: group dru‘ited pmgressively apart As a .eonsequence,, an
already strong defenge secretary Sftrengthened his position’ before Congress. ‘The
armed services committees increased their prestige and ‘Inflienceé over security
affairs relative to’the defense appropnatmns subcommﬁtees ‘gince the: mceptlen
of -Section 412(b), but.Congress’ political power in; these areas decreased v1s-a-
vls the Premdent and the uSecretary of, Defense, o el ey
. During Senator Russell’s illness in- 1965 Senator Stenms served a8
ectmo' chairman. of the Armed Services: Committée.-Senator Stennis
remarked: that ‘he-had #always been: int¥igued” by the defense' R&D
program “but I never have beenvableto getinto it to the extent.I would:
like to.”” He.appointed.-a temporary su%commlttee o give additional
consideration to that-part-of the.defense~budget: Senator Stuart
Symington was named-chairmsan of thesix-member group: three from
the defense appropriations subéommittee:(Allenf, Ellender; Daniel K
Inouye, and Milton R.- Youn ) ‘and-three from Armed Services (Mar-
garet Chase Smith-and Gordon Li:'Allott; in addition to! Symmgbon)
The: su'bcommlttee was asked:toicomplete its work: within tivo or three
weeks, prior to committee markup of the authorization bill.e From dis-
cussions with the staff*mémbers’ essomated fW1th that eﬂ'ort’? apparent—
ly no written report 'was:prepared.: i A
When Stennis became chairman in:1969; he estebhshed a sepa,ra,te
R&D Subcommittee headed by Thomas. I Melntyte.” Senator - Me-
Intyre noted that the Subcommittee, from the beginning, recognized
that it would be impossible to:make a detailed examination of each of
the thousands of line items in the R&D budget. Members of the Sub-
committee concluded that it wonld be “more productwe to structure our
examination’ toward 4 testing of ‘the’decision-making Pprocess; and a
probing for what we would call soft spots, for examples of mterservice
duplication or parallel developments; or for developments leading to
the satisfaction of questionable operational requirements.” 2° Two years
later: Senator' McIntyre gaid that his Subcommittee was faced with,
about’ 500 1ine iterms in the’ ‘budget request, each line item involving an
average of thres.or four projects. This produced “3 myriad of about
4,000 projects; we'spend an avwful lot of time, but we are lucky if we
can take d look or’ have’ Brleﬁng or hearmg on, say, 15 pereent of
those pm]ects Bavi . 5 .
~Tiegislation in 1973 codified t authoriz fion antrua.ge to make 1t1-
a permanent- part 'of Title 10, United States Code. With regard to.
RDT&E t.he ]enguao'e now prowdes tha.t funds ma,y not be approprl—

ek Kolodziej aupm note 5. at 422-23 :
1 Military.- Procurement. Authorizaiionss Tlacal Year 1986, hearings:betﬁore the Senate

Coinmittes on Armed Services and the Sens,te ‘Defénse; Subcommittee on Appmpriations
88th,Cong,, 1at Sesw., 501502 (1985 )

20 Lithorization J‘or Military Procurement Reeem-ch and Deveiopment Fiscal. Yearfsrm
and Reserve Strength (Part’ 2) hearings bEfore the Senate .Committee on Armed Sewices,
91st Cong., 1st Sess,, 1866.(198

2 Weapan Systems Aequisition Procese henrings hefore the Senate Committee on Armed
Services, 924 Cong., 1st Sess., 85-36 (1971)



partmént’ that it”Was untenable to believe “thit defense’ planners
operated exclisively on objective mllltary and technical factors. More-
over, in ‘an article publlshed just prior to-enactment of Section 412,

Roger Hilsman concluded that one of the more distinctive and note-
Wworthy trends in’ Congress wis the tectinical’ competence 'of its meni-
bership: “Among’the more responsive and active members, there seen
to'be one or two for almost every mujor problem ares who are just s
Knowledgeable as the specialistd.” He ventured that_even the less
responsive member could aéquire more knowledge over his career of
ten.to fifteen years than a Secretary or Assistant Secretary who had
been on the job for'a’year or two: Beyond expertise there was the ele-
mentary political’ respon31b111ty of Congr asd. Alton Frye has recently
noted : “Granted’ that problems of ‘military strategy and technology
are immensely complicated and mind-numbing affairs, the root ques-
tions are ethical and political in nature.” °..

Enactment of Section 4192, occurring’ ‘it the time of a Democratic
Congress and a Refpubhcan Pr331de11t guggests a. partisan flavor. But
the impulse went; far deeper Concrress, as an institution, sensed. that
its powers and prestige were in jeopardy. The practice of impounding
defense ‘fiinds, which had precedents under President Truman, eon.
tmued under Presidents Eisenhower and Kennedy In 1962 the House
Armed Seryices. Committee, after reviewing -this, development,, re-

jected the notion that Congress should be’ restrlcted to.a passive role.
in defense policy: “The committee finds it hard to. believe that its
extended and infihitely detailed hearings are designed only as an
exercise in: self-improvement in the arvea of snowledge. For knowledge
is. somethlng to_be iised, not’ merely to be possessed.” ** And on th1s
same page appears an a.dmomtlon which is. :Erequently quoted in the

) To any student of governmenf; 1t is. emmently elear that the role of the Con—z
gress in determining national ‘policy,. defenge or otherwise, has deteriorated over
the years;, More and more the Tole of the Congress has come to be that of a
gometimes gquerulous but esséntially kmdly uticle who complams while furiously
puffing on his pipe: ‘but: who' finally, as: everyone ‘expects, gives in and hands over
the allowance, grants the permission, or raises-his band-in blessing, and then:
returns to_his rocking chair for. another year, of .sommnolence broken only by.an
occasional glance down the avenue and a’ muttered doubt as . to whether
he had done the nght thmg

“Houge Armed Services was a,rtlcularly upsat 'by ‘the Pentacron s,
record on the B-70 (later redesignated RS-70) manned bomber. “The
committee believed that the bornber- represented “such an important
potential of our future offensive and defensive capability that its prog-
ress should. receive as broad a. congregsional ‘serutiny as is ‘possible
in order toi insure ‘that this Wea,pon systen proceeds at a pacé consistent
with advances in technology and military requlrements 12 To ae-
celerate development, of the bomber, the committee took two steps. It
“directéd” the Secretary of the Air Force to use not less than $491
million during fiscal 1963 to proceed with production. planning and
long lead-tithe procirement of the RS=70.'Tt also added to Section
412 the follong' rovision: “no funds Ay be a,pproprlated after

5 Ft "%:gg;g?}gga(l Executive Relatmns and !the Foreign Policy Consenaus," 52 Am Poz Sci
ey ;
. 10 Alton Frye, 4 Reaponsib!e ‘Congress: THE Polities of National Sseurity 2 ( 1975)
n % Re]:é No. 1406, 87th Cong., 2d Sess., at 7. Imphasis in original,
at



: Rep
obsemng tha‘h some comimttees and’ subcommlttees ‘teke the 1ea
initiate new policy, cited the McIntyre Subcommittes as one exa:mple
During débate'ih 1971, Senator Peter H. ‘Domini¢lk; s Republican,’ com-
fnended Senator McIntyre for go‘mc' into “extra,ordma.ry detail, in T
think probably ‘the.' ost fruitful program wé havehad for a 10n0' time
to ‘delve into the enormous amount of money spent on’ Tesearch and
development » Senator John Stennis, chairinan of the Armed Services
Cominittee, stated in 1974 that the effort’ by the' McIntyre Subcom-
mlttee had’ rbeen “the most complets and thorough and extensive hear-
ing with reference to research and’ development concerning military
wenpons that any subcominittes or any committee of the Congress has
ever held ‘in covering an entire research and development prograns.’*
‘In‘addition to'thé’ actiyity of ‘the R&D Subcommittee, this paper ex-
plores the” relatmnshlp befween Senate’ Armed’ Sermcec and Senate
Appropriations. The important roles of the Sene_te Budget; Committes
and the Congressional Budget Office, presently in ‘a formative and
evolutionary stage, are not discussed. An introductory section provides
historical material (for ‘the period 'since 1959) to show how both
Houses have expanded thelr Toles end respon bihtles for a,ubhorlzmo
defeHSe RED." S .
~This “study 19 based’ pmma,rlly on a ren ing of hea,rmgs held b
Senate Armied Services over the period from 1963 through 1975. Other
heatings, committes reports, floor debates, General Accounting Office
reports, and studjes from the private sector are used to supplement the
record. Tnterviews were held with 18 people from the foll%wmw areas:
Senate 'Armed Services' (4); Senate :Appropriations (2), personel
staffs of Senators (3),and the Departinent of Defense (4), Discussions
were 2lso' held’ with two former Senate staff members: William H.
Darden, who served with the Armed Services Committee from 1951
to 1968, and Francis S. Hewitt, professmnal staff member of the Ap-
propnatlons Commltt" s from 1947 to 1974: - S

o \Prmr to 1959 con,c_rressrona,l control over defense progra,ms eonmsted
of two steps ‘broadly drawn -authorizations—available on's contmumg
basis-—and ‘passage each year of an appropriation act.'To obtain funds
the Defense Department had only to: justify its: detailed budget
requests before the ‘Appropriations Committees. “The Armed Services
Committees did not exercise annual; substantive control over ‘weapons
systems, Military construction: represented one of the few areas in the
defense budget to réceive scrutiny at the authorization stage. .
~Matters ‘changed, however, during the: 19508’ A namber of factors
led Members of Congress to assume a more: active role in strategic
de0151ons D1sset15fect1on W1th the mllltery estabhshment “Was-one

“#Ties Astin, “The Defense Budget and Fore! :En R’ 4le ot Congress.” Dednlus,
“igm}ner 1?:371597911:) 168 117.Cong. Ree, 42934 (Nov. 23 1971) 120 Cong Rec 59486 (daily
ed,, June
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The Federa]l Government will spend an estimated $22.6 b1111011 for
research and development during fiscal 1977. Approximately half that
amount, $10.7 billion, is scheduled for Defense-Military Functions.
The next closest agency, in terms of R&D outlays, is the National Aero-
nautics and Space Administration ($3.5 billion), followed closely by
the Energy Research and Development Administration ($3.0 billion).?

The Department of Defense budget request for fiscal 1976 surpassed
$100 b11110n for the first time. Fiscal 1976 also marked the first year
of a $10 billion request for research, development, test and evaluation
(RDT&E). That amount is spread among six phases of R&D : basic re-
search, exploratory development, advanced development, engineering
development management and support, and operational systems de-
velopment,

Military R&D has a profound effect on the direction and size of the
overall defense budget. Dr. Malcolm E. Currie, Director of Defense
Research and Engmeermg, characterized RDT&E as a “highly lever-
aged activity.” This leveraging occurs because the program area—a
small fraction of the total defense budget--+‘directly influences the
magnitude and effectiveness of much larger future expenditures.”
While the bulk of the cost for weapons systems is in production and
for operation and support, those amounts are determined in Iarge de-
gree by RDT&E, From a budgetary standpoint, then, research and

*8pecialist, American National Government, Government Division, Congression&l Re-
search Service, Library of Congress.
1 S8pecial Analyses: Budgel oj‘ the United States Government, Fiscal Year 1977, at 281,

(20)
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of funiding for basic ca.pablhtles rather thiana source of mission fuhd-
ing' for directly ‘working on a cure for cazicer;"While no one quarrels
‘Wwith the néed to-curs cancer, the' factirémainsthat there is an ap-
propriate tithe to declare War on: Cancer and an 1nappropmate tlme
1If the war cannot be won it should not be declared.
“Thé ‘decisiof’ as’ ‘to whether there is: enough 1nf0rmat10n on.‘ha,nd to
-dchieve some major breakthrough in g'relatively short period of time
‘(10 ‘years’'at-the outside) is'one hat only-those inthe field can: ascer-
tain. But/collection of unbidsed opinions'isias always difficultrThose
Who'are in'the field and can best tell whethér a-“war? iy ‘capable-of
‘being won 4re the same people who'most; benefit: from Having a “war”
‘deélared: This i not: to: disparage the honesty of any group-of in-
dividuals, ‘bt it is ‘& natdral: human: phencmenon: to-be. overly jopti-
miistic' and éxaggerate ‘one’s ‘capabilities. This is: especmlly. tra When
idec rmg War 1§, pohtlca]ly popular i

X_;‘CONOL'USIONS i

There are-a- Varlety ) -.aetlons =_]19;(: could b taken to strengthen
'the system. of research and developmentyin the United-States. ;. - ... !
(1) Research and development: expendltures should. be. broken '_nto
three broad. ca.tegorles——basm capabllltles, mls, n orlentated and mas-
SIVB mobilization, . ¢ .
{(2) Funds:for basic capa,blhtles should be spent based on a.na,lys;ts of
'how much it costs to-keep enough R. & D. personnel in an area to be
‘avware of any breakthroughs that, might.oceur and to be.able to expand
rapidly should each-breakthrough. actua,lly occur. Instead of allocating
funds to-traditional dlsmphnes, funds should be. allocated: across. life
sciences; agricultural sciences;. -enyironmerital sclences,. materml sei-
ences,.energy sciences. behawor-salences, loglcal se1enees, spacesmences,
_‘md eqmpment sciences,: - .
=(8) Funds:for mission orlente reseerch gh ould be spent ased on the
mod1ﬁed .cost-benefit :analysis-outlined. above. Every pr0]ect ‘should
have ranges of possible benefits and costs along with an estimate of
the maximum: possible” henefit. Wherever -possible there should be
ranges of costs and benefits estimated by more than one individual or
‘group.-Since it is not: possible:tosniake analytical: comparisons; deross
non-commensurate , objectives; mission: oriented : research should ‘be
‘broken into four. t‘ypee—natlonal independence; life saving, economic
goods and services, and non-economiciquality of life'goods and servicés,
- (4) - Massive: mobilization’ reséarch: will-berfunded:in- accordance
'w1th whitéver is necessary to-achieverthe goal over time and in accord-
‘ance with efficient expenditure rates at any oint-in time: But inassive
. mobilization research will seldom occur and: it will never-occur if the
‘basic scientific knowledge does not exist te be relatlvely conﬁdent of
'sucCess within:a $:td 10 year-time: penod i el
LAY Spmeﬂ’s and economic multlphers should always be 1gnore(i in
‘allocatm ‘Ri'i& 1. expenditures: . o o
LBy Instltutlona,l constraints need: torbe taken mto a,ccount in’ a.llo-
'catmor R.&D. expendltures Unless youars: ‘going to. improve railroad
roadbeds: there is no - sense in: spendmg money on: developmg fast
trams SR o .
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full range of R. & D. benefits is.to:be generated.: Some substantial
Araction of R. & D. must occur in the process of beginning production.
If production is never begun, the necessary R.. & D. will never be done
‘and the initial R, & D, expenditures will have been wasted. :
....Ag we have-geen development expenditures and especially civilian
development: expenditures. are..almost entirely financed by private
industry. While this is appropriate when: there are no externalities,
the learning curve is essentially an externality: If onse firm goes down
1ts Jearning curves other firms. can. quickly guess what the learning
curve looks like by the pricing and preduction policies of their com-
petitor. The first:firm must bear the uncertain..cost of failure (i.e.
‘the learning. was not steep enough to generate profitable sales) while
‘all firms gain the knowledge the trip was either profitable or unprofit-
.aple. These uncertain costs can serve .as.a barrier to enter for each
individual firm even though they could not be a barrier to entry if

Spread across-the. entire Industry. .. 0 oo e o0 e
.-/ The externalities involved in the learning curve mean that the gov-
ernment probably withdraws from the civilian research: area too early
to gain the full economic benefits that are possible. Serious considera-
tion should be given to:subsidized.initial production runs on the
aunderstanding that all cost data would be made public as it was being
generated. In other sectors—space, medical, defense—government
already- does this by being the-prineiple buyer. Commensurate gains
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is mowng to:the right (as are the various. frontlers) W:Lth respect to
any .particular product.

Productivity, however, _only depends upon the ranga between the
best and worst practice plants, the distribution of plants within this
range the loca,tmn of the range on the con'tmuum, and the speed with
Whlch the whole dlStI'lb_uthl’l 1s moving to the right. The frontiers of
engineering and science are. relevant only in’ that they are a kind, of

road-building operation; whosespead limits the possﬂole speed of move-
ment towa,rd-'}ugher productlwt.y ’sechmques. e e I

Hig‘h productiv,r.y i
techniques ISTRNN

rien o

Low Ptnduetﬁity
technigues,. ... ...

< Whilé ﬁg'ure 11 ig a.pphca.ble 0 'elther military of clwha,n resea,rch;
theré are differerices. The' gap between the sciéntific frontier and the
engineering frontier partly epends ‘on how much R, & 'D. effort 18
made. While there is now more ¢ivilian than military or space R. & D.,
the civilian R. &D. ¢overs a mich wider range ‘of products. In the
military. sector there is. more R. & D. per,product line. This is apt
to.push- the frontier of e neering knowledge closer to the frontier.
of scientific. knowledge aﬁ% may even push the frontier of scientific
knowledge out at a fagter rate. But.the big differences are not apt to
lay in either the speed of movement or the gap between the frontier
of' engineering knowledge and the fronrtler ‘of scientific- knowledge.
‘The big. difference is apt to: lay in the gap- between the .frontier
ot engineering knowledge :and the best. techniques or products. that
are actually used: In the military area products are rushed into produc-
tion when it. ‘becomes technically possﬂole to build a product. This is
what gives oné nation a technical military edge over another nation..
In the civilian area, products must meet; 2 constra,lnt other than that
set by “buildability”.” . - :
" In'the civilian sector new processes are not adopted for new plants
unless the cost of the new process is lower than:that of the old process
and, new processes do not:replace existing plants unless the total cost:
of the new process is less than the marginal cost of the old process.
New products are not put, into production unless the product. is:so
supertor that 1nd1v1duals will be willing to give up old products and
reallocate. their income to.the purchase. of a new product. Thus there
isa: set, of economic. constramts that any process or product must meet’
in. a;dd1t10n to, the, engineering copstraints: of. doab111ty Economic.

* Ifor a more extensive dlscussion of thene 1asues see : “Research, Technical Progress, and
Eeonomie Growth’, Teohnologyy Review, March 1951, p. ‘44,
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a tachnologlcally inferior 'anemy, Based on actua,l outputs m111bary
R/ & D\ hiis béen o Tailure. i =

The previous: ‘paragraphis clearly unfalr to mlhtary researoh but 0
are the prior pa.raO’mphs to civilian R & DL désigned to raise: standaids’
of living or inerease life expectancy: Tn each area each of us conld:
name o*b%er factors that explain the lack of “output”. But these other:
factors are real. If they exist and stop research from having'its pay--
off then this is & fact that must be taken into accoutit when determin-
ing'R. & D. budgets. Tt does Ho’ good toid ‘s;g"'n 4 train that will Tun:
at 200 m.p:hi“if no track can withsténd traiis’going more than: 40
m.p.h. If you are not going-to-do- somethmcr about the traclxs there ig!
no sénse wasting Re & D. redoiirces on tralns ' g

In"each of the economic, life saving, and mlhtarv ‘cases 1t ig poss1
to give explanations as to why R. & D. has not-léad to the- desived out-
puts or why the olitputs may be higher thati tHey seém to'be. F'or exam-
ple, inthe economic. area thiere 15 ahids in the way thiat real dollar out-
put 1§ Measured. United Stdtes R. & D. 18 heavily orientated towdnd:
new prodicts rathér thain néw and cheapeér fethods of ‘producing old”
products. But the Prices of new products donot showup in the indexes:
used to deflate nominal’ output until'the product hasachieved a‘degree:
of use and market penetration that makes them a significant fraction

~ of the GNP or the average family’s purchased basket of goods or sery-

ices, Neither of these is apt to occur yntil a product is well down its
learning curve and sold af prices. far_below its initial introductory
price. At this point the goodis weighted into the constant dollar output
estimates. But sinéethe current dollar price has declined substantially.
the new good will receive a much lower weight than it would have- if.
it-had been inserted at its initial selling price. Thus hand caleulators
niay be valued as $100-worth of constant dollar output rather than 4t
the $1,000 price for which they ﬁrst sold. - :
:In the health area increases in enmronment pollutmn or deterlor :
tlons in diet and exercise might well be reducing life expectancy. if it
were not for the progress made in curing individual diseases. In the
military area the new technologies hayve not been tested in a no-holds-
barred war to see if they would be éfsctive and they might have been
effective at deterring warseven if. they have:not been eﬂ%ctlve at win-
ning wars. .
Instltutlona,l constra,mts may also prevent advances in knowledO‘e
from being-used. As'T mentioned previously, it makes no sense to de-
velop a 200 m.p.h. train as long as the road-beds will-only permit maxi-
mum speeds of 40 m.p.h, Union work rules may prevent new technoly-
gies (such as those in prmtmg) from being adopted &3 fash ds they:
should_ be. The Air Force’s attachment to manned bombers may prevent:
the Defense Department from substituting - ‘more effective- submarmesi;‘
for bombers as fagt as they ought. A few years ago, it would have biéen
conventional wisdom to say that the institutional and: human-con-
straints on the adoption of new products and processes was greater in
thecivilian drea than’the military .aréa; but the history-of: the. past
decade makes this a very dubious: propomtlon Tt would now be hard 'to:
argue that there were more constraints in one sectorthan:the other. As
always;the problem is to know what constraints must be: accepted a,nd
what constraints must be broken. e e e
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is just as likely to be spunoff fmm civilian.research pm]ects ag nseful
civilian. knowledge is to.be spunoff: from military research. As a con-
sequence, spinoffs cannot be used as an argument to increase the share
_ going to either military or civilian projects. Third, spmoﬁs areapt to
be an inefficient way to-achieve any.goal. 1f some: goal is:desired; re-
search should be directly focnsed-on this.goal rather than hoping, that
the. solution will coine.from some' project focused on a different goal.
The problem isexactly equivalent:to the,old saw-about studying Latin
to improve your:English. Etudying Latin may:improve your English
but the same number of hours devoted to the study of Enghsh Would do
much:more foryour Englishu . f: o 70 opit codl vn
- Since spinofis-can deeur in- any Jind. of research they aré somethl g;
to congsider in deciding what fraction’ of the national'resources shoul
be devoted to R.-& D. “but _they aremot. something that.can be:used to.
decide. how R.: & 30N expendltures should be allocated to dlﬁ'erent :

sectors.
gnored i

Just as the beneﬁts of sp1 offs: should be A llocatmg Te--
search-funds so should the bénefits of economic: thultipliers. A1l exog-
enous increases in expenditures are multiplied iin’the economy since.
expenditures create incomes that lead to Tising expenditures by those-
who:benefited from the initial.rise in expenditures. This seconid round
of expenditures.Jeads. to a.second round of ineome-incréase and henee
to further rounds of rising:expenditures and incomes.-While the-ef-:
fects of any expenditure are multiplied. through: this. process, Toulti-:

pliers.and multiplied benefits should:not be cons1dered m determlnmg :
clther the total R. & D, ‘budget orits allocation. :: :
. Since all expenditure-projects i(research and deve,lopment or other—

wise) have -approximately -the: same ;multiplier: effect -per: dollar .of:
expendltures, multipliers- do not: help differéntiate .among .projects—-
military. or ¢ivilian. But in.contrast to spin-offs they also-do Dot help:
you determine the correct aggregate armount to.be-allocated to research:-
or to-any other expenditure, project. They: don’t. for:a very simplé:
reason.. Xf:all that you want are macro-economic - multiplier effects
thereis a project that dominates all other projectsibecduse-it generates.
multiplier effects without having to sacrifice real resources.. This proj-
ect is called a tax cut. As.a result-all expenditure -projects must.be:
evaluated on the basis of their direct: rather than their indirect bene-
fits. If they cannot be justified in-terms of dlrect beneﬁts they cannot :
be 1ust1ﬁed e ST :

As a result, both ClVlll& . nd rmllta,rv R & D expendltures should
be judged on’ the direct benefits that they are: suppposed to. be: pro-:
ducing, In terms of secondary economic benefits, the differences are
the second.order.of smalls.and should-be 1gnored in decision making.

VI JUBTIFYING INPU’I‘S IN: TERMS or: OUTPUTS

Lomca,lly historical data 'and good feedback’ pmnmples should be:-
a reasonable place to search for guiding principles to determine R.-
& D. expenditures and their allocation. Expand research where it-has-
demonstrated-success; contract. research where it hasnot; demonstrated
success ; allocate. funds to those sectors where ouputs have ‘been rising
ith é résult of new knox_ edore ga.med from R &
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- Firgt, scientific’ personnel need to:be -allocated -across different-re-
search areas so that the country will be aware of break-throughs where-
ever they:oceur and so that the couritry Wwill be able to!absorb and take
advantage of these break-throughs whenever they do-occur. Funda-
mentally, uncertainty as to-where:advances will occur means that basic
capabilities research-expenditures need to be allocated across all pos-
sible areas smce 10 one knows oT: can know Where useful advanoes wﬂl
occur B
‘This does not mean that the Umted States has to be ina p031t10n to

getierate or even lead every break- through inknowledge. It simply:has

to have encugh trained manpower in an-area to: take advantage of a

breakthrough’ when it oceurs. This i is‘true‘evenin areas ‘where other

countries are apt to keep advances in knowledge secrét.. The problem
is similar to that encountered in chess books 'on end-games. Onee it is
known that a solution is possible-—the game can be won in: four
moves—it is not difficult to find a'solution. When‘the Russians kiew
that an”A=bomb' or H-bomb could be made, they. did not take long'to

_¢éateh up. Similarly our catehiup time in the space area was very: short

The difficult problem is toifund &solution to a problem or to advance.

Ymnowlédge when no one: knows whether a solutlon or an edvance in

knowledge is possible, i

‘Becond, to determme the TESOUTCes: necessa,ry to mamtam ba,sm ca-:
pablhtles ‘it is necessary toknow how fast krowledge can be dissemi-
mated and how fasthuman skills canbe built up in - different areas. The
faster the'knowledge can be: disseminated and the faster Human:skills
can be biilt up; the’ fewer: hie resources that need to be pemnanently
mamta,med in any area.

"To ‘determine the- amoun e,nd alloeaﬁmn of funds necessary to main-
tain basic capabiiléies, it is necessary to survey the different areas of
haman research to: determine the level'of funding that would be neces:
saty in each aren: It should be emphasized that basic capablhtles does
1ot el ¢urrent capabilities. Basic: capabilities hasto ‘do with mini~

Foum’ level of ‘tesources necessary to'be aware’ of-and’ absorb the ad-:

wancés in- Lnowledge in any-given area and’-the: minimum level of

resources consistent with a future need to expand actiivtiess: @ -ivd

' If the distinction is made between hot field whiére useful knowledge
is'expanding rapidly and cold fields where knowledge is not-expand-
ing rapily or cannot easily be used; basic capabilities has-to do with

the amount of resotirces that isinecessary to keep a cold.field in busi-

Hiess; Tt to be expected that hot'field will'be allocated funds for basic

reséarch, ‘applied” research, and development over and above What'

Would be allocated to ¢old fislds. -

“In tiying t6 determine the desirable: level of fundlng for basm capa.—
bilities, it is riecessary ‘to go beyond the traditional disciplinary -ateas

{physics, chemlstry, ete.) that have developed in the science and en-
gineering areas to a more functiondl approach that will cut across
traditional dlsc1phnary lines: A vanety of cabecronza.tlons are pos51b1e

but I would suggest the' fo]lowmg oner’ - R

1. Life Sclenees S b ST
2. Agricultural ‘ Sciences.
"~ 3. Environmental Selences
4. Material Sciences.
i 5. Energy Sciences.
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be nonetheless speclﬁed Inst1tut10na.lly this: Would requn’e that both
the éxecutive and congressional branches’of government organize them-
selves to look at commensurate programsitather than leaving:thepro-
grams spread out'in the-agencies'that are-to: admlmster them a.n the
comrmttees wlnch superwse these”'O’encms sl

IV : SUPPGRTIL.G

cn a,ddltlon to the dlstmctlon between m111tary and clvﬂla,n research
the other traditional distinction hias been- between that of basic re-
search, applied research, and development. TIn 1974, 14 percent-of the
$32 b11110n in'total R. & ‘D.-spending went into bas1c research 23 per-
‘cent-went;into applied research, and: :63:pércent: went into developiment.
As the data in table® indicate basic researchi is 60-percent financed by
‘government with universities contributing anothér 20 percent: of the
ﬁnancmg “Universities épending 64:perdentiofithe total funds; how-
ever. Within the $2.6 billion of Federal funds for basic research; NASA
provides-$0.7 billion, ITEW :provides $0.6 billion, the: NSF- prowdes
$0.4 billionythe ARC provides $0.3 billion, and the DOD provides $0.3
billion with: the remammg $0 ,3 Ab1lhon bemg spread across the rest of
government

1AL the apphed research ]evel crOVernment fundmcf drops to 52 per-
et of the total with industry: fundmg Fising to: 40 percent .of: the
total. Private industriés. perform: 54 percent:of all:applied-research
with government: performing slightly: more of swhat:remains than
universities (22-pereent versus 17 percent). Privaté industries:are:a
substantial net. recipient:of funds ‘at: the- apphed research: level. - In
‘the development ‘area:the federal: :covernment: funds- 52 percent-of the
total bill with all of the rest of the financing ‘coming:from private
industries which do 83 percent of the total work. Most of the remaining
work is.done by government-with:a Ver'y small role for both umversmes
and other nonproﬁt 1nst1t.ut10nS‘- : ; il el e

B TABLE 21-PEHFDRMAN_ AND.F NDING oF: h_;:;..n'.',,lgf{._;" R

7 Basie ;.-
* research

'Source gy’ parform :

SR ©anc S[ aurte
- Insi!tutlons O ‘-';(pe,rc,énl) funds (percent) funds- ;- ance

Govemment_
Tndustry__

15 5 53 TR so,", 72‘2';‘_‘ 2
Umvarsmes i
Oth

18, 7

Whlle the dlstmctlons between basm research 'apphed resea,rch and
tévelopment are uséfal from some: perspectives, they-are not partlcu-
larly useful from the pointiof view: of expenditure allocation. A more
useful tripart categorization would be “basi¢c capabilities R. & D.”,
“mission oriented R. & 1.”, and the oceasional highly focused allout
efforts Trepresented by the ‘Mankattan project, the man-on:the-moon
program and perhaps the war on cancer. For lack of a better Hamethe
latter mwht be called “masswa moblhzatlon Rk D % All three of
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“worth! of . two objectivés.c Fortinately or.unfortunately. theré.sre;no
.analytical techniques that will let the policy rmaker.(Congress or the
‘President) avoid - the difficult moral -problem:of: shaving to- assigm
weights to ‘the;relative worth of national defense-and curing cancer.
These social moral ]udgmentq Slmply must come out of the pohtmal
process, . - -

- Because’ of- the Value ]udgment problem cost-beneﬁt ana.lysm has
:seldom . been-used .to ‘compare programs in different areds of govern-
-ment. Instead cost-effectiveness analysis is used within separate areas
‘to determine the best techniques-for obtaining some objective withont
any effort to determine the relative worth of different objectives in
-different, areas. Since R. & D. expenditures ¢cover many dlﬂerent areas,
the value-judgment problem cannot be ignored, -

- This does niot ‘mean: that policy makers will not eventually hwe to
determine the relative weights of cancer.and national defense. In:set-
ting their: budgets they implicitly do and will make.such.decisions, but
‘theve i is no analytically correct way to make such decisions. The prob-
lem is simply one of judgment and the judgment nature of the problem
cannot be changed by semantlca,lly describing the. judgment-as cost-
“benefit-analysis. To do 80 is only to: obscule the true nature of the
_problem.s :

. Because of the precedmg problems cost beneﬁt analysm has seldom
,been used in allocating R. & D. Various pieces of the apparatus, how-
-ever,-could.be modified and used. toimprove the allocation of T & .
funds., If there.were.one procedure that might 1 improve the process of
‘R. & D. budgeting, it-would be to insist that all projeéts show a range
_of possible.costs and benefits. Ideally each: projeet should: show.ranges
-of possible costs and benefits estimated by-more: than one individual
:or group..It.cannot be émphasized.too much that any singlé doflar esti-
~mate . (point estimate) is fundamentally misleading. With uncertainty
-no one knows the cost and-benefits of any R. & D projects. At best they
".can only: know the.range of possible costs and benefits.. Given: this
reahtv, neither the Congress nor the President should make their deci-
-sitons using point. estlma,t.es in: their dehberatlons of elther mlhtarv or
civilian projects.. . -

. TIn addition to- ranves of probable costs and beneﬁts, each pro]ect
should have an estlmate of the maximum possible benefit that could be
expected, it. would, for example,. be relatively easy to -calcilate the
-economic benefits - of an-R.. & Di breakthrough that let us double the
.yield.of soybeans. The.probable- eosts.and benefits might not be known
with any accuracy, but the maximum beneﬁts mlght be known Wlth
great accuracy.

Having an estlmate of m&xmmm gams ma.kes it posmble to com-
pare the range of estimated costs with the maximum gains to see if the
project makes any economic sense: An excess of the maximum benefits
over the range of possible costs does ot guarantee that the project
will yield po»smve net benefits (costs may exceed the expected range or
‘the-maximum benefits' might not occur)-but-it probably constitutes.a
godd’ minimum ‘¢iiterion. T the maximum possﬂa]e gains do not ex-
ceed the range of possible costs by some substantial margin, the project
should not be undertaken. At the very least mazimum benefit calcula-

¢ For a discussion of the limitationg of cost benefit analysly see : Peter O, Steiner, “Pub.

}:i{c Eﬁ%grliditure Budgeting”, in The Fconomice of Pullic Finance. The Brookings Institu-
on, .
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By 1969, R. & D. expenditures had quit growing.! Mlhtary and space
expendltures were falling faster than. civilian expendltures were ex-
panding. By 1972 both private and Federal civilian real expenditures
were also falling. Total R, & D, retreated from its peak of 3 percent of
GNP to 35percent of GNP in 1974 1th th nd-ot 4! declmmg shere
cléarly not yet in"sight. ¢ TSR ;

II. A Farse DIGHOTOMY OIVILIAN 'VERSﬁS LMmITARY

[

This paper focuses on t.he mterrelatmnshlps between civilian end
military R. & D., but this:interrelationship should not be taken to mean
civilian versus m111tary R. & D. Any attempt to dichotomize R. & D.
into two neat cat gories, eivilian and military; and to then make choices
between thie two is a mistake. Ultlmately cholces 1 nust ba made between
civilian and thilitary priorities, but there are many issies that span
both “sectors, 'Subsectors with the military or civilian budgets are
often more | similar'to Sibsectors in the other area than thev are to other
subsectors in their own “budget. Often it is, unposelb'l ‘
research is civilian or mlhtery '

- Initial researchers in atomic physics did not kno
search would Jedd to the atomic bomb or to nuclear powerpl’
this résearch m111tary or ian? Medical freatrients for gun shot
wounds have ‘obvious ‘mili ary, applications but in the normal year
thers are many more ‘eivilian guri ‘shot, wounds than rmhtarv gun shot
wotinds. Is research on. treating gun shot wounds military or civilian?
Research on ‘treating casualties from’ nuclear fallout _during wars is
obviously military research yetitis pertinent ‘to aceidents in riuclear
power plants and has moré in common with hezlth and environmental
research than it does with research on'weapons systems for destroying
lives and property. Research.on.chemicalsto retard or stimulate plant
growth may- be-equally useful in both the civilian and military areas.

#AS these examples indicate the allocation of research and develop-
ment funds requires a more complex form of analysis that:any simple
Cebegomzatlon into military.and. civilian will allow:. In the'end, how-
ever, it is ohly by buildingip thismore complex mode of: a,na.lysm that
will iake it possible to ma.ke mtelllgent chomes between m111tary and

éivilian R. & D. expendﬂsures
L

III A LI]\E[TED?ROLE FOR GOST-BENEFI’I‘ AN»\LYSIS

In theorv R. &: D expend1tures could be determmed 1‘ _a.n appllc
t1on of cost-benefit analysis, Using an appropriate interesérate to re-
fléct the value of alternative uses: of funds, discounted Benefits ‘counld
be comparéd with’ discounted costs. Wherever discounted benefits ex-

ceed dlscounted costs pro;|ects would be undertaken. Wherever dlS—

* 't Unless 1t is possible to measure output it is not gossible to construct an accurate deﬂator

to determiné real expenditures, Singe . & D. oufput cannot be neccurately meagured, current:
dollar expenditures are deflated by n deflator that 18 made up of 5O percent of the GNP

defiator for services, 25 percent of the GNP deﬂator ror duraglc goods, a.nd 25 percent of

the GNP deﬁntor for structure i : ) oo
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development are allocated and spent. An estimated $23.5 billion will
be spent by the Federal Government for research and development in
fiscal year 1977, Of that sum about $14.9 billion or 63 percent will be
spent for military and space activities. The Subcommittee saw a need
..to obtain independent studies from outside experts because of the high
wannual outlays of public funds, their.concentrationin the areas of mili-

ary and space activities, the fracrmentatlon ‘and apparent lack of co-
.} ordination of demsmnma,klnor and review in the executive and legisla-

 tive branches and the absence of good information about the economic
and social benefits:of research and development.

The compendium was undertaken to shed light-on the way Federal
research and development decisions are made, the relative priorities of
different types. of’ activities, the results of federally supported pro-
grams, and their effects on the economy. Tt - was hoped that the studle,s
would highlight the stren,gl'llzhs and weaknesses in existing decistonmak-
ing procedures. I believe the studies accomplish the intended purposes
a,nd that they also underline the need for additional studies.

The studies were performed under five topic areas selected by the
Subcommittee ‘arid the Library of ‘Congress. For each topic, a series
of issues of particular interest we, :"developed ‘to serve as general
0111dehnes to.the authors.” C )

" The responsibility for plannm,:, coordmatmg and edltmg the S’l‘;lldlEBS:
wag carried out, by Richard F. Kaufman, General Counsel of the Com-.
mittée, Susan Doscher Underwood of the ‘Library of Congress; and
Larry Yuspeh of the Committee staff. The assistance of Walter Hahn
of the Tibrary of Gonrrress and Ellen Orosby of the Committee staff is
wratefully acknowledwed SF e e, o ‘

Smcarely, :

- WILLIAM PROXMIRE, _
Gkam’man Subcommttee on meom
_ aﬂd Econom/y La dee?%ment
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-CHAPTER IV -
+ GENERAL COMPULSORY LICENSING

. Both the virtues and the faults of the patent system, it will be clear
from the foregoing chapters, may be traced to the monopoly powers
conferred under patents. Many . have seen in general compulsory
licensing of patented inventions a happy escape from this dilerama.*
Under. this plan patents would continue, but patented inventions
would be made available to all.producers at ‘‘reasonable” royalties.
The objective would be to place the use of patented inventions beyond
the discretion of patentees while preserving ‘fair’” returns for the
inventors. = Thus,; while patentees would lose power over manufacture
and commerce under their inveritions, they would retain “‘exclusive
rights’’ to the fruits of their discoveries. . And royalties would pre-
sumably ‘be set so as to preserve the role of patents as a stimulus to
invention and disclosure. : - g
_.General compulsory licensing would clearly remedy certain of the
deficiencies of the patent system. It would open the most advanced
technology to all producers, and so would. assure larger output at
lower prices (at comparable royalty rates), and greater effectiveness
and better balance in the use of productivé résources. There would
be less danger of inventiong Iying idle for want of rights under col-
lateral patents, or because of the shortsightedness or inertia of
patentees or deliberate nonuse founded on the desire to protect
existing investments. Independent{mventors would experience a
wider demand for their discoveries. atents would cease to serve as
an instrument of industrial concentration, or as a basis for industry-
wide controls over manufacture and commerce. And the opportunity
would be diminished for monopoly through product differentiation
resting wholly on physical composition.

In practical operation, however, a system of general compulzory
licensing would be likely to impair the effectiveness of patents as a
stimulus to invention and disclosure. The principal problems relate
to (1) the assurance of returns within the life of the patent; (2) the
rate of these returns; and (3) the enforcement of the patent. The
chief hazard is that general compuisory licensing would dim the
prospect of returns, upon which the stimulative influence of patents
depends at the inventive stage.

A. ASSURANCE OF RETURNS

. The effectiveness of patents as a stimulus to invention depends on

. the prospect of earnings during the period of the grant. Any delay
in exploitation results in a loss of earnings which cannot later be
recovered when the invention becomes available to competitors.

4 President Roosevelt suggested this approach in his message to Congress of Apr. 29, 1938, which led to
the establishment of the Temporary Natlonal Economic Committes. The TNEC in its final recormenda-
tions adopted this proposal. See S, Doe. 35, 77th Cong., 1sf sess., at 18, 36 (1541),

20
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substitutes. “While this rivalry to perfect patentable inventions may
result in patent concentration, it has also a tendency to disperse
patent control. : . ' .
A more prolific source of patent concentration is the desire to pro-
vide protection against existing rivalry in order to improve profits.
This 1s an objective in which all the members of an industry may join.
The existence of patents simplifies industrywide controls because
patentees enjoy legally enforceable monopolies in limited fields, and
the competition to be confronted is thus more readily defined and more
easily brought under control. Concentration of patent conitrol arising
from these pressures is likely to take the form of agreemernts among
individual patentees, rather than centralized ownership. However,
where one firm in an industry begins with a strong patent position,
it may be able to prolong and extend its control. _
- The pressure for such agreements has increased. Where capital is
growing in volume, and increased efforts are being devoted to research,
the competitive position of individual firms is more seriously in danger.
There is greater likelihood that new firms will be organized fo mauu-
facture known products under existing methods of production. And
it is more probable that new products and new processes and machines
will appear to impair or overthrow the competitive position of existing
firms. Moreover, the losses through such innovations are greater
where there are investments mn specialized facilities such as are re-
quired to employ modern technology. The growth of markets in a
spatial sense, resulting from improved means of transportation and
communication, has a similar effect by expanding the sources of new
competition. These hazards of competition are probably the prin-
c¢ipal, although not the sole, cause of restrictive patent agreements.

Firms with established research, manufacturing, and marketing
facilities are likely to be favored in the acquisition of new inventions.
They are assured of control over the output of their own research.
And, where they have related inventions of their own, they may be
able to bid higher than others for new inventions independently con-
ceived. TFirms already operating a plant or sales organization may
be able to exploit a new invention more economically than it can be
separately done; and the possession of these facilities may afford
assurance of prompt exploitation of new inventions.*

The larger firms in an industry have a stronger incentive to acquire
patents for defensive purposes than do the smaller. This is true be-
cause of the greater size of their investments which would benefit from
protection against competition. The greater the investment in spe-
cialized capital, the more is the potential loss through competing
products or processes. Hence the larger the financial outlay which
mere defensive protection will support. Nevertheless, the primary

stimulus to the development and acquisition of new inventions lies in .7

the competitive advantages which these inventions hold. It will
therefore be to the interest of any firm in the industry, large or small,
or of any possesgor of free capital, to develop or acquire control of the
more advantageous product forms or techniques of manufacture,
within the limits of the commercial value of the invention.

- a F%r an analysis of kow these factors have Wbrked outin s specific Indastry, ses Eottke, op. cit. supra
note 29. . . )



_ OHAPTER III _
CONCENTRATION or PATENT CONTROL

The requlrements of a-sound patent system have greatly a,ltered
since the last basic modification was made in the patent statutes more
than a century ago.® At that time new inventions were mfrequent
and they made up only a small part of the technology in wuse. In
those circumstances, disclosure requirements and limited duration of
the patent may have been sufficient to protect the public interest..

The rise of the Nation to industrial maturity has brought a profound
change in the role of patents. Increases in per capita income have
made it socially worth while to devote a larger part of the Nation’s
resourcés to research yielding benefits only in the future, and have
. provided the means to put new didcoveries to commercial use. -As a
result, through the years, the Nation has grown more dependent for
the best use of its resources upon- the enterprise of patentées holding

a degree of monopol power over new technology. To an important
extent the soctal effectiveness of the patent system now depends on
diffusion of patent ownership and the compemtlve use ol inventions
Whlch such diffusion will:bring.

Discussion of this general problem thh is closely bound up with
restrlctlve agreements among owners of competing patents, is deferred
to Fconomic Report No. 2 dealing with patent abuse. However,
since the corcentration of patent control is often unrelated to abuse
the prineipal factors leading to such concentration are examined here:
Three considerations have been important in patent concentration:
(1) the desire to diminish the risks otP inventive activity; (2) the desire
to provide safeguards against competing inventions; and (3) the con-
centration of manufacturmg control

A TO DIMINISH RISKS OF INVENTIVL‘ ACTIVITY

The most fundamenta,l cause of - patent ooncentra.tlon is the extraor-
dmarﬂy hazardous nature of inventive work. In all business activity
there are production and market factors which cannot be appraised
on a predictable basis. Inventive projects are subject to an unusually
high degree of such uncertainty. There is no clear way of estimating
in advance the product of inventive activity, nor the probable cost or
commercial value of any discoveries which may result. For this reason,
there is no reliable guide to the amount of capital and labor- which
may profitably be devoted to such projects. In other fields, produc-
tion and marketing experience ordinarily provide s basis for more
aceurate estimates of probable costs and returns, and 8 great many of
the risks are predmtable

# Although the patent laws were eodified and revised in 1952 (Publlc Law 593, 35 U. S C. sees, 1—293), and
a few minor substantive changes were made, the basic strueture and phllosophy of the 1336 st.atute was

retam.ed
168 -




14 THE PATENT SYSTEM: ITS ECONOMIC AND SOCIAL BASIS

the fugitive character of those made in the inventions themselves.
Nor are the risks encountered in exploiting an invention likely to be as
great as those in producing it, since costs and yields are subject to less
uncertainty. _ . - .

The grant of but a single patent for an invention appears unavoid-
able under any system. In any other circumstance, competition
among the patentees would destroy the commercial value of the
grant for the reasons cited in the preceding chapter. The grant of
the patent to the first inventor has the further advantage of accelerat-
ing the perfection of the invention and its disclosure through com-
mercial use or the application for a patent.®

2. A second ideal in fashioning o patent system is to limit the powers
conferred so as to confine the patentee’s reward to the recovery of costs
within the bounds of the social value of the invention, and o wnsure,
insofar as compatible with the objectives sought, that production and sale
wnder patented inventions are competitive. In considering the costs
which ghould properly be recoverable under a pafent, account will
have to be taken of the unsuccessful experiments which precede the
final successful result. It is not true, as some have urged, that returns
under patents should be kept high enough to meet the costs of all
unsuccessiul experiments, for to do so would impair the incentive to
careful direction of inventive effort. But the costs of some failures
are no doubt properly ascribable to the inventions actually patented.

Since under & patent the inventor depends for his return on com-
mercial use of his invention, bis reward is likely to be proportioned in
some degree according to its social value.®® The exact degree of cor-
respondence may vary greatly, however, depending upon the limita-
tions over output imposed by the patentee. The extent of these
limitations will be conditioned by the degree of competition which
prevails with other forms of technology, patented or unpatented.®

Two factors are counted upon under our patent system fo limit
the returns to inventors and to insure compstitive use of the inven-
tions: the freedom to invent and use substitutes, bolstered by the dis-
closure requirement; and the limited life of the grant. The purpose
in conveying powers of exclusion under patents is to enable the in-
ventor to reap the benefits of the specific invention covered by the
grant, and not to provide effective control of the market; the “equiva-
lents” covered sdre also determined according to technical, and not
market, considerations. New inventions to provide effective market
competition with the old are, in fact, encouraged through the disclosure

3 Professor Machlup questions the theory that patent protection is exchanged for fhe disclosure of secrets.
Senate Patent Study No. 15, supra niote 14, at 52-53 and 76-77.  While in his initial discussion. he appesrs to
he considering only one of the purposes of disclosure—to assure workable specifications at the expiration of
the grant, he does later consider the nsefulness of disclosure as a means of stimulating further research and
avolding the duplication of inventive effort, Iis rejeetion of the ““diselosure’ theory is founded on the judg-
ment that “Inventions probably are patented only when the inventor or user fears that others would soon
find out his seeret or independently come upon the sameidea.”” It is not at all ciear, however, that this fear
can be equated with actnal independent achievement or discovery. Professor Machlup’s suggestion that
eomparabie dissemination of teehnical knowledge could be achiseved by special ageneies in the absence of
patents is meaningful only if it can be sssumed that patents ave rarely sought where thero is any real likeli-
heod that the invention would otherwise remain secret. This is an assumption of doubtful validity. Tt is
the uncertainty of competition which confronts new inventors, and the added proteotion against this un-
cortainty provided by patents, that leads them fo seek this safeguard. In these eircumstances, the assump-
tion would mere probably have to be the opposite of that made by Machiup. Tn any event, the duration of
the patent grant is not necessarily at issue here, as Machlup seems to suggest, since patents are designed to
foster Invention as well as disclosure. . ) :

3 Foranoit-guoted statement of this Gefense for patents, see Jeremy Bentham, “The Rationale of Reward,”
2192 (1825). : ] _ j _

» }grofegsm' Machlup challenges the view that any proportlonslity, or even approximate proportionality,
can possibly be shown between the “rewards’ of inventors and the “social usefulness” of inventions. Senate
‘Patent Stedy No. 15, suprs note 14, at p. 54 However, he bases this judgment en the timing of inventions
in relation to the appearance or creation of public demand, larpely subjective views of what is “trivial,” and
on a prediction that the socially most impertant inventions would not be allowed to be monopolistically
explolted through patents. These considerations are, at mast, limited in thelr applicability to the issue,
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" are thie’ market: uncertamhes which prevail. i explmtmg patented-
“inventions usigue. . In fact; many patents are for improved means of
- manufacturing known ploduots orfor. nnproved forms of- sueh

products, . i

There. is, however 4-more fundamental ob]e('tlon to the grant of
monopoly powels speolﬁeelly to aid in the exploitation. of patented
inventions, Where market prospects are uncertain, .cauticn .in the-
nse of the Nation’s resources serves-a social purpose. ~And if cannot
be demonstrated. that society will benefit by &coordmw to patented
inventions a generally preferred status in the use of these Tesources.
In any event, where the only bar-to entry in an industry is uncertainty
of demand, rather than conditions of supply such as in the ‘‘public
utilities,” monopoly is not neeessaly to sustain produe’men onee
undertaken C ! ‘

Tn supporting the argument for monopoly to ingure the explo1tet10n
of patented inventions, a great des] of stress has been laid on the
coste which the pioneering firm will have to bear which its rivals
- will be spared, thus producing -a constraint against initial market
development. The problem differs a,eoordmD o the stage of e*cploh
tation,

During - the pilot plant stage, the knowlodge aoquu'ed takcs such
“forms as records of tests and experiments, the production of models -
and samples, blueprints, plans for plant organization and layout, and
other results of a similar nature. "Such information is closely akin to
patentable inventions in the sense that acquisition by competitors
may be costless and accordingly re ]%ures protection -to assiire its
supply. However, it is not usually difficult to keep such information
-gecret, In fact, even where licenses are granted under a’patent, it is
-often difficult to transmit to the licensee sufficient know~how to
assure effective operation under the invention, '
; The second stage, which consists of the erection of produetlon facﬂ-
ities, entails expenditures which any rival will have to duplicate. - An
extended market for such facilities may produce so-called external
economies which will lower costs, but these conditions prevail in
many: industries other than those Whlch operate under patent pro-
_tectlon and are unlikely to be sufliciently significant or progressive
to ]ustlfy the grant of monopoly powers for mltlal market develop-

ment:

© . The thn'd stage, commermahza‘mon, entails market development
expenditures such as advertising, salesmen’s salaries, transportation,
and warehousing. It is said that the benefits of market development
are shared by those who follow in the paths broken by the innovator.
Per unit costs of sales are likely to be greater at an early stage than
- after market acceptance of a new product has been attained. - Com-
petitors, however, will not always benefit from the market develop-
ment aectivities of their rivals, since such activities often attach trade
to a single seller,® and may in fact create an obstacle to entry by
*gompetitors. “The advantages which do fall to latecomers as a result
. of the general demand for a product created by the pioneering firm
are not, moreover, confined to patent-protected industries, nor are
they hkely to be important enough to warrant the grant of monopoly
powers for‘the mere task of initial market development. -

31 See Edward H. Ohamberhn ““The Theory of Monopolistic Competltion" (6¢h ed. 1946) and Joan
: Robmson, “Tha Economics of Imperfect Competition™, (1933).



: CHAPTER II , ‘ ‘

THE ESSENTIALS OF A SOUND PATENT SYSTEM
. ‘The more extreme advocates of the patent system have credited it
with a large share of our economic and -technical - progress. - Its
severest critics, citing evidence of abuse; have markedp 4t a - failure.
There is & measure of truth in both views, but in-the present analysis
no-éffort will be made to appraise the gains and losses we -have experi-
enced under our patent system. Qur concern will be the limitations
and defects of the patent system and the measures of reform’ likely
to produce a socially more satisfactory result, on the presumption
that a patent system in some form will serve a useful purpose. There
are certain ideal standards which may guide this appraisal, and these
will be outlined later in this chapter. Since others judge the patent
system by different standards, however, certain of the more eommon

of these opposing views are briefly discussed. '

. "A. BOME POPULAR MISCONCEPTIONS_:

1. The restrictive effects of patents sre regarded by some as a virtue.
They point to the inventive effort and the industrial diversification
gtimulated by the inaccessibility of patented technology to competi-
tors as a social gain. By this standard, there would be almost no
limit to the fragmentation of industry into isolated monopolies, and
mere innovation would take its place alongside the test of inventive -
contribution which we now apply as a proper basis for the grant of
patents. Governmental license, and not private enterprise, would
then chiefly determine the usé of the Nation’s productive resources
throughout the economy. o S

It is the search for new technology undertaken in anticipation of
patents, and not the search impelled by limitations over the use of
known technology, that the patent system is properly designed to
. foster. Society could, in fact, afford & gredter volume of inventive
affort if a way could be found to encourage inventions without accord-
ing powers to limit their use. For these powers, far from benefiting
society, constitute a social cost of ‘the patent system, since they
diminish output by inhibiting the use of the best technology. It
* may be found desirable to grant such powers as the most practicable
means of fostering invention, but if so they must be carefully limited
according to that need. And that need is itself limited because of
the competing demands for the use of the Nation’s scarce resources.
It is only because commitments made under the patent system must
be honored, if that incentive is to prove effective in fostering invention,
that any publicly conferred powers over the use of known technology
are socially justified. - ' .

2. 'Even those who hold a more positive view of the functions of a
patent system sometimes argue that it is uselul as a means of pre-
serving competition, particularly the competitive position of small-

.10 o -
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“The precise degree of monopoly power which should be assured
under patents, 1h order to seciire o socially adequate supply of new
tecﬁnoiog—a‘y it products, 1z difficult to judge. ~Tmvémtive activity

conditions of greater uncertainty than are found
in ‘most lines of production, sinee inventors cannot know beforehand
either the effort required to reach a succdssful result, or the prospec-
tive coinmercial value of the outcome. This risk may attract those
who prefer a gamble ovér a sure thing, even though the prospect of
loss may be greatly out of proportion to the prospect of gain.2 Others,
however, may require the hope of high reward if. their reluctance to
undertake such Tisks is to be overcome. - The exact effects of patents
are not predictable. High profits on suceessful inventions may draw
$0 many to inventive activity that returns generally will fall below
those In less hazardous enterprise,® with a consequent misdirection
of productive resources. The high returns occasionally expenenced'
however, may do no more than generate self-limiting competition
which prowdes a supply of mvenmons while holdlng profits generally
in check2" -

TDeéspite these hazards and 11m1tat10ns of a patent system, the choice
of means to foster invention remains a matter oi alternatwes The
other chowes—-pubhcly ‘conducted.s blicly i

j ptsfatory.  Apart from the mven‘mons de81gned dlrectly

Gely public néeds, % the production requirements of private in-
dustry and private constmer wants constitute the proper guides to
inventive effort, ‘Where demands are private, a more vigorous and
sensitive adaptation to need is more likely through privaté incentives
than through direct public provision.”® There are, of course, fields of
scientific inquiry guided neither by commercial nor public considera-
tions, but to the support of such resea,rc,h a paternt system has httle
to contnbute

‘The support of 1nvent10n through public subsidy’ would entall
serious a 1mstra,t1ve difficulties. TIf the subsidy were indiscrimi-
nate, no correspondence could be achieved between public outlays
and pubhc benefits. - Yet, if the reward were fashioned according to
some standard-of ‘value, thete would be fieed to rely on experience to
determine worth; and it worth of the invention were measured by
actual market reahzatlon, it would vary with the extent of promotion
and the rates set for competlng inventions.*” Compensation could be

1 See Alfred Marshall “Prmciples of Economies,” at 400 (8th ed. 1936); and Adam El.mith “Weulth of
Nations," book 1, ¢h. X (17 .

2 See Frank Knlght, "Risk Uncertamty and Prefit” {1921). :

% See Merton, “Fluctuations in the Rate of Mdustrial Invention,” 49 Quarterly .Tournal of Economics
454474 (1935), Stmon. Kuznets, “Secular Movements in Production snd Prices” {1930); and Edward H,
Chamberiin, “The Theory of Monopolistic Competition,”! at 57-64 (5th ed, 1946).

BJ K. Galbraith in “The Affient Soclety ' (1958}, particu]ﬂrlych XIX, a,rguespersuaswelyforexpanded
research supported by public funds where the Tesults cannot he spemahzed 6 ot sustained by-any market-
able product, ‘While views may difier on the extent or forms of public needs for new inventions, any defi-
ciencies which may exist in the publie sector will probably call for eorrective measures different from: those
which would apply to the private sector, Nor s it likely that reform of the patent system, which operates
essentially by influencing private incentives, will prove the most effective means of meeting deficiencies in
the public sector, Direct pmcurement or subsidy appear most appropriate where the need to bo served is
pub].m rather than private, .

- For an analysis of the eon51derations which make this very likely to be true in the ease of invertions
ses Pigou, op, cit. supra note 16, at 306—401.

27 For an early an,alysm of some of these problems, see John Stuart M, “Prinulp]es of Palitical Economy r
boolr V ch X ( 848) ) . .
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t_iv];a treatment which inventions have been accorded in our public
policy.t L _ : Lo o

The problem of public policy is to determine the desired supply of
new inventions, and the safeguards to inventive effort which must be
erected in order to insure that supply. A limited number of new in-
ventions is assured to soclety even without any special stimulus,
Accident or observation unrelated to deliberate inventive effort will
provide some inventions, Others will be produced by those with an
“instinctive bent’’ for invention, or who find sufficient reward in the
joy of the effort or the satisfaction of accomplishment.’* Purely eco-
nomic factors will also support some inventive effort without assured
safeguards. Where changes take place in the relative prices or avail-
ability of labor, materials, or capital, it may become profitable for
business firms to undertake adaptations not requiring costly research,
designed to economize the scarce or costly lactor or utilize more
effectively the plentiful or cheap factor.’® The obsolescence of existing
equipment may spur a search for means to reduce losses. And the
competitive advantages which lie in market priority, or the hope of
at least temporary secrecy, may lead to a degree of Invéntive effort.

By any social test, however, the communiiy’s needs for new in-
dustrial technology are unlikely to be satisfied through such incidental
efforts or incentives. If, in determining adequacy of supply, we apply
to inventions the same test that we do to most other products under
our free enterprise system, we will measure performance according to
cost-price relationships, By this standard, it will be in society’s
interest to assure, as a minimum, the supply of any invention whose
costs of creation can be recovered through savings made possible in
manufacture, or through the profitable sale of a new product. Solong
ag the hazard remains that the profit potentialities of inventive effort
may be dissipated through competitive use of the invention, this social
aim cannot be achieved.!” For some with inventive skill will be
atiracted to this work only if their prospective incomes appear as
great as in other fields open to them; while others will be more likely
to direct their inventive activities to the satisfaction of social needs
if they can see in this manner a way of increasing their incomes.'8

- % Fritz Machhip eontends that the difference helween material and intangible goods has “nothing to
do with the problem’ of Government intervention to support the private value of inventions. - Machlup,
“An Economic Review of the Patent System,” SBenate Patent Study No. 15, at p. 68 (1058). It is his view
that: “What really matters is the difference between ‘variable’ and ‘sunk’ costs.” “Sunk” cosis, hows
ever, are comunon to nesrly all indnsirial and commereial veptures. Where inventicns differ from most
other forms of produetion 18 preeisely in their intangible nature. It is becanse of this fact that in the short
period the price-determining, variable costs of expanding supply are negligible, and in the long period there
ig no fixed investment (“‘sunk™ cost) which requires réplacement. These conditions do not prevail where
“mmk” costs are embodied in tangible instruments of production, which are subjest to atirition through
use, ars costly to reproduce, end the output of which is inherently limited and can easily be controlled.
Professor Machlup appears to acknowledge thess points in the illustrations which he himself refers to as
“unrealistic,” eited by him at p., 50 of his study. i

15 See Joseph Rossman, “The Psychology of the Inventor” (1031); 8. C. Gilfillan, “The Sociology of In-
vention' {1935): and A. P. Usher, “A History of Mechgnical Inventions™ (1929, rev. ed. 1854).

¢ See J, R. Hicks, “Theory of Wages,” at 121-130 (New York 1948); A. O, Pigon, “Economies of Wel-
fare,” at 412, 671-080 (4th ed. 1952); essay on “‘Inveniion”, in Bir Josiah Stamp, *Some Economie Factors
in Modern Tdfe’” (1920); and Hugh Dalton, “Some Aspects of the Inequality of Incomes™ (1920).

17 Professor Machlup contends that because of a “Headstart' inventors can make “some money’” without
patent protection. Senate Patent Study No. 16, supra nofe 14, at 50-6¢. Tle doas not indicate, hewever,
whether he believes this incentlve would suffice to supply seclety with all the inventions whose social costs
eould be jugtified by their social usefalness. Indeed, he seems to despair of ever selving this problem,
despite the fact that he deems it possible to determine the direction of socially desirable reforms (p. 80).

1 Sea F, W, Taussig, “Inventors and Money-Makers'” (1915); and Arnold Plan$, “Keonomic Theory
Cioncerning Patents for Inventions,” (N.8.) Economiea 30-51 {1934).
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as we know it today, provided that, upon petition, any person could
secure the grant of a patent,; but only if he had—

% % nvented or discovered any useful art ma,nufacture
- engine, machine, or device, or any 1mprovement therein not -
before known -or used * * *:[which was deerned] oKX
suﬂicmntly ugeful and Important -* * *. . -

The powers conferred under patents were o’ compnse—'

. % ¥ % the sole and exclugive . rlght and liberty of making, _
constructing, using and vending to others to be used, the
-sald invention or discovery * * % : : 4

And no éxpress obligations concerning use or hcensmg were 1mposed
beyond the requirement of disclosure:

* % * 5o particular * * * ag not only to . d1st1ngmsh the
invention or discovery from other things before known and
used, but also to enable a workman or other persons skilled =
in the art or manufacture * * * to make, construct or use
the same, to'the end that the public may have the full benefit
thereof, &fter the exp1rat1on 'of the patent terma * * *.-

_ The grant of patents even for new inventions was not, ‘however,
without opposition. Madison, in 1788, raised the questmn ‘whether
it might not be wise to réserve the right to abolish patent grants at
& price.’> ] And Jefferson challenged the claims that these grants were
supported in natural law, which at that time was looked to a8 the
foundation for all forms of property right:

.. If nature has made any one thmg less susceptlble than all
others of exclusive property, it is the action of the thinking
power called an idea, which an individual may exclusively
possess as long as he keeps it to himself; but the moment it is
~divulged, it forces itself into the possessmn of every one, and
the receiver cannot dispossess himself of it. Its pecu_har
character, t0o, is that no one possesses the less, because every
other possesses the whole of it * * %, Inventions cannot, in
nature, be a subject of property. Soclety may give an ex-

_ cluswe right to the profits arising frow them, as an encour-

" agement to men to pursue ideas which may produoe utility,
but this may or may not be done according to the will and
convemence of the society, without claim or complamt from
" anybody.t

When hg_}h;&g&ngﬂ_gmmmmh&_admlmstramon of the jatent

stafutes, however, Jefferson came eventually to favor the grant of

patents tgr inventigns,

Two principal factors account for our adoptlon of a patent system
at a time when public distaste of monopoly was strong. An'inventor’s
right to retain his discoveries in secrecy was generally acknowledged
to be supportable in natural law.!'* - At the same time, the pubhc dis~

“18 8ep “5 The Wntmgs of James Madlson,” at 274 (Hunt ed. 1900—1910)
dﬂ %tﬁr of Aug. 18, 1813, repmduced in *"The Writings of Themas Jefferson,” vo‘.l 13 at 333—334 (Mem.,
o
i William Robirisen, op. oit. suprancto 2, at 38, “As Miltstated “** * * Thave scen with real alarm several
recent attempts * * * to imphgn the prineiple of patents * * * which, if practically suceessiul, would en-
throne free stealing under the prostitated name of free trade, and make the men of brains, still more then at
resent, the needy retainers and dependents of the men of money bags.” J. 8. Mill, “Prmmp]es of Political
%conomy, ? book V, ch. X, p. 549 (bth London ed., 1877).
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sure for greater freedom of enterprise. And there were outcries against
the arbitrary and high-handed tactics of patentees and the high prices
which many of them were charging for necessities. The towns and
guilds, when they could not reach agreement with patentees, resented
the latter’s intrusion, but they were already declining in power. The
_sentlment grew that patents, far from encouragng enterprise, were
proving a burden.!

As patents grew in number and came to be used for many purposes,
the courts applied to them an important distinction under the com-
mon law. Those which were granted for new manufactures or for
introducing new trades were held to be lawful, but those in industries
or trades already established were declared contrary to the common
right of every citizen to enter those fields as a means of earning a
living,? The courts had no means, however, of preventing the issu-
ance of unlawful patents and they remiained common, and in many
instances were successfully enforced, up to the enactment of the
Statute of Monopolies (1624) in the reign of James 1.

This statute provided that all monopolies  before or thereafter
granted should be ‘“utterly void” and should be judged according
to the common law. It exempted from its operation, however:

LR xR 1etters—patent and grants of privilege * * * of the
... sole working or making of any manner of new manufac-
" tures,: ¥ ¥ ¥ to the true and first inventor and inventors of
" such manufactures which others, at the time of making such
: letters-patent and grant shall not use, so as also they be not
contrary to the law, nor mischievous to the state, by raising
. prices of commodities at ‘home, or hurt of trade, or generally

- ingonvenient. * * ¥

Patents for inventions thus for the ﬁrst time received: express legis-
ative sanction in an ach which sought to outlaw monopolies Zen-

erally, and they have since that time enjoyed a favored posmon

among monopolies.

“Other forms of monopoly were not, however, wholly eliminated.
The Statute of Monopolies did not deal with charters and after its
enactment, this latter form of monopoly grant continted for a long
time to be employed for many of the purposes for which patents had
been ‘used.* ‘They were particularly important in encouraging risky
ventures such as settlement of the New World or the conduct of trade
with distant lands then growing in volume. :

-In thie limited role assigned to patents by the Statute of Monopolies,
they flourished with the progress of the Industrial Revolution. The
basic new inventions of that pBI‘lOd gave a strong impetus to research,
and from that time forward patent control of imdustrial technology
formed & vital and universally accepted part of the economic scene.
The vast increase in production potential which these inventions
brought, and the improvements in transportamon and communica-
"1 For excellont accotints of the early history of patents, soe, Willlam Hydo Price, “The English Patants
of Monovoly,” particularly at 3-46 (1908), and George Unwin, *“The Gilds and Compames of London,’”
293"830}5 éllleoavo famous cases of Darey v, Allein, 77 English Reports 1260 (King’s ‘Bench, 1602), and The
Clothaorkers of I,pawrch 1 Aldg, P.C. 6 (Ku:lg sBench 1614); and diseussion in William C. Robjnson “The
Law of Patents,”.at 9-12 {1880}, .

4 See Prics, ob. eit. SUpre note 1, at 36; Georee Unwin, “Industrial Organization Tn The Stkteenth and

Seventesnth Centm-ies Ych. ¥V (1904) and William . Cu.nmngham “The Growth of English Industry and
Commerce Vol. IT; The Mereantile System” (6th ed. 1925-29).
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