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EXECUTIVE SUMMARY.

Objectives and Approach.

This study is intended to provide perspectives on the

- involvement of the federal government in ciQilian-sectdr R&D -~

.how it evclved, how it has performed, and ‘what guidellnes can

be suggested for 1mprOV1ng future effectxvene These judg-

ments are informed from a number of sources -- conséiously

selected so as to view these issues from differing perspec-

.tives -- but are disciplined by a coherent framework estab-

lished by the authors. The inputs were:

1.

Reviews of past trends and current status of
federal science and technology policy, industrial

- research, and economic theory related to technical
-change. : :

Analysis of recent experimental initiatives by
the federal goverament to support c1v111an sector

R&D through various approaches.

Group discussions and individuval interviews with
industry executives and government officials to
obtain their judgments on what has worked and
what has not, and on suggestlons for 1mprOVcd
procedures and program concapts. .

Substantive studies and analyses of the.influence'

- ¢ federal actions on technical change in seven

..2y industries -~ aviation, pharmaceuticals,
computers, housing, automobiles, agriculture,
and semiconductors. These. were conducted by a
group of distinguished economists, and provide
a firm base of historical anecdotal experiences
over a range of industries. g ‘

* Publxshed separately as Ricnaid- R. Nelson, ed., Techn;cal
Change in U.S. Industry: A Cross-Industry Analybls,

Elmsford, N. &.. Pergamon Press - (forthcqmlng in 1982).
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'sis on areas in which the government was not the final

The final presentatidn is in two voiumes,-of which
this is the first. The irdustry-sector studies will be
published separately, although its table of cortents is printed

" here and a review of its contents is given as Chapter III.

This first volume is intended to stand alone and its conclu-

sions are informed by, but not limited to, those of the

separate industry-studies volume. A summary listing of
criteria to be considered in future federal support of civil-
ian-sector R&D is given at the end of this Exacutive Summary.

" Contents.

The years since World War II have seen two distinct
trends -~ two changes of the tide. -- in policy towards

direct financial support for civilian-secter R&D.

Since Worid War II, a steady growth of activism in

federal funding for R&D evolved from thé support of technicglf'

infrastructure to a massive expansior of public-sector R&D
for areag -- e.g., defense, space -- in which the government
was the final customer. In the '60s and early '70s, the
first philosophical shift occurred, placing incfeasing empha

customer -- transportation, enerqy, housing, communications,”.
‘materials. This raised some very specific policy issues, S
involving such things as program selection, priorities,

conduct of research, and transfer to the private sector —-;  f

in short, the effiectiveness of the federal involvement.

Today, a secoﬁd shift is underway.  Many of these more
specific itsues remain. But they -- along with some newly-
importaht larger .issues -- must now be understood in relation
to the directions being established by the Reagan administra-

tion since January, 1981. Nowadays, the questidh’of whether
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a federal activity is called for at all precedes the

guestion of which activities will be most effective under
winich conditions. 1Inevitably, it seems, there will be a
retrenchment in certain types of R&D activities, an ebb in
those functions performcd by the federal governmeht that
had emerged almost as a by-product of the R&D momentum
Built up before 1970.

This current change of tide can be guided by an

. understanding-of how we arrived at our present position,

by~What we can learn from historical experiences, and by
the judgments of senior. executives from both government

l

'and industry.

:  The present status of the total civilian-sector R&D
effort in the U.S. derlves from three main streams of
gctlyxty and thought:

. - First, the federal government emphasized support for
‘technwcal 1nfrastructure -- basic research, generic technology,
tralnlng of scientists and engineers, It devoted very con-
siderable funds to the tecbnologles and facilities required

for pub11c sector activities -- national security, space,
health. And it moved somewhat into direct support of civilian-
sector R&D. ~

Second, industrial research grew steadily, so that
corporate funding of R&D is now about $33.9 billion, or about
47.percent of total national R&D expenditures. Thus, the
private sector became relatively self;sufficient.in generating
the R&D it needs to support present products and processes as
well as growth of new business.

Third, economic theory drew attention to the social
value created by private RsD; to the implications for R&D

-vi-
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investment of the appropriability (or lack of appropri-
ability) of an individual corporation's R&D; and to the
contributions of R&D to industrial productivity and inter-

!
¢
Lt
i
l
'

national trade.v This work- was used as phllosophlcal
Justlflcatlon for federal support of civilian- sector R&D,

and has served to focus atten*lon on the 1mportance of a

healthy technical foundat1on foeroth public-. and przvate—

sector objectives.

These trends serve to describe where we are on a’

‘ national scale. Further appreciation of the”efﬁecps'thaf

kave been felt by specific sectors is provided in our
detailed examination of seven industry sectors. The influ-
ence-of'federal_actions‘and poliéies on technical change in
éach of these industries gives us a rich background of
speC1f1c cases from which we gain a broad perspectlve about

" the effect1veness of federal act1ons under a range of

-circumstances.

It is clear that the federal government has in fact
played a role in producing technlcal change in almost every
industrial sector. "Direct R&D ‘support has been one instru~

ment, as in semiconductors, but indirect instruments have

:played allarger part. Procurement associated with R&D.

support has -been a powerful force.in_airctaf; and computers.
Regulations have -influenced the pace and direction of chaqge‘
in-autdmobiles, housing, and phafmacéuticals. Each ﬁndustry
has fo beAstudied carefdlly to understand the sources of

"technical change. The converse, of course, is that govern-

ment actlons intended to bring about technlcal change should

be tailored to each specxflc sector.
A number of experimental initiatives were attempted

by the federal government during .the middle and late 1970s.

These were intended'to stimula;e technical chénge ang ’
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innovation in the private sector. We look at seviral of
them in this study as possible sources of lessons for the
future.

Two of these ~-- CARP (Cooperctive Automotive Research
Program) and COGENT (Coop=zrative Generic Technology)'--
failed to take hold. This, we believe} is clearly bound up
with their failures to develop adequate political constitu-
ericies. The initiatives did not come from industry; they
did not represent what industry thought tc be the highest-
priority problems in basic science or generic technology;
and they did not necessarily represent the optimum alloca-

tion of available technical resources.

At the other extfeme, a program to encourage joint
university-industry research initiated by the National
Science Foundation has had moderate success. It is an
2fi{es o expose universities to the scientific needs of
:'ind::trj, and to stimulate better working relations between
the two sectors. Not évery industrial résearch‘ofqanization

chooses to become a partner, but enough have done so to

augur well for continuation at ¢ reasonable level.

An industrial energy cbnservation program in the
Department of Energy has demonstratad modest benefits for
both public objectives (saving energy) and private benefits

{reducing costs). Results were reasonable, though not

.dramatic, and the prcgram demonstrated an incremental ap-
proach{ ‘the.private'benefits did not justify the total R&D
investment required, but the anticipated public benefits
could be obtained by adding fundas of the federal government

to the private €funds.

Many themes emerge from the materials and analyses .
used for this study. A number are discussed in-detail in
" Chapter V. ' A ‘ '
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One obvious and pervasive theme is the r~ed to
achieve proper and constructive linkages between the
federal agencies and the industrial community. The con-
‘versioa of technical advances to new produéts, procesées,
and services occurs within the private sector. Decisions
about investment, manufacturing, andé distribution are made
in the private sector. Ihus, federal programs to support
‘civilian-sector R&D require private inputs for planning
-and setting priorities, and must obtain participation in
-some form to smooth the conduct of R&D and the ultimate .
ffransfer to use. Clearly, a preferred situation is for the
‘private sector to . identify a desired federal activity in
Aadvance,‘sometn1ng that was. demonstrably lacking in the CARP
jand COGENT projrams.
: !
_ here is w1despreao agreement that the prlmary federal
:,role in civilian R&D is to strengthen the technical infrx

'jfstructure ——.tralnlng, basic research, and generic

‘nftéchnologiesw Here, too, the snecific mechanisms are . uort-

”Eiént. Universities play the major third-party role between

-iéfederal funding and eventual civilian-sector use. Appropriate

‘fllnkages with the rrivate sector are critical to be sure that
f“he universities are aware of the basic sc1ent1f1c and engln-
.eerlng needs of 1ndustry; to encourage industry adaptation of
‘university research; and .0 provide exposure of graduates to

career opportunities.

A principal factor in the successful pursuit and even-
tual itse 2f -any technlcal advance is the existence of a
technlcul community possessing the range of knowledge and
skills needéd to imblement that advance. Federal programs,
which can develop all nceded skills in public-sector missions,
cannot control this availability for programs in the civilian
sector. Further, private sector involvement is needed to
- provide judgments on feasibility and timelinesc of technologies

potentially available for economic conversion.

—-1X-



Indir~ct actions cf the federal government can have

considercble influence on technical change -~ requlations,

tay. policies, and, particularly, procurement. Thus, federal
R&D pvograms of an applied nature can be most effective when
coupled with some specific federal mission; In public-sector
~areas -- e.g., defense and space, in which the government is
the customer -- federal applied R&D has been extremely
successful. There is some indicaticn that this combination
can also work to various extents in areas where the government
is rot the principal user, such as solar enerqGy, electronics,
and a2griculture. As the case of federal involvement in
synthetic fuels suggests, of course, such federal procurement-
cum-P&D it not therefore automatically desirable.

An important side-interest in this study is the by~

product eifect in many industry sectors of public-sector R&D,

There continues to be disappointment and over-expectation .
about direct "spin-off," i.e., the easy convers.ion of produc§§
and processes developed for defense or space objectives int o
economi=s cirilian use. But there has probably been an unde
estimation of the broad economic value of the stronger hase
ot sciencé and technology this public research Provided - é
base that has helped genecrate new industries, expand existiﬁggf

ones, and contribute to increased prcductivity generally.

A major trend that should pe encouraged is the

increased willingrness and ability of particular industries
to act collectively to strengthen their scientific and »
technological base. This ihas been shown in recent efforts
of the electric power, gas, and other industries. It is
also being shown in new initiatives by the chemical and
semiccnductor industries. To date, these efforts have
focused on basic research, and may thus have cbnsiderable
influence on relaced programs of ‘the federal'gOVernment'in.

tniversity research. These actions are in strict conformance

oY -




with anti-trust laws. Our garowing concern with international
competitiveness may lead to opportunities for coileétive
action in more applied areas. Such ini:@aﬁives call for
consideration of possible modification of anti-trust law

and policy.

f

.. Suggested Criteria for Future Policy

: The following is a distiilation of our tindings. We
.?hopo these points can scorve as, broadly speaking, a set of
:fguidolxncs for future policy toward civilian-scctor R&D.

Nature of Cpntcngﬁ

b Federal support for technical activities intended
for the civilian scctor, whether direct or ‘indirect,
should be specific to the industrial sector in
auestion. :

* The principal emphasis of federal support for
civilian-sector R&D should go towards. strengthen-
ing the technical infrastructure and encouraqing
Joneric sciénce and technology, but with careful
attention to those methods of implementaticn most
compatible with needs of the civilian technical
community.,

» Federal procurement of goods and services {(and
somotimes other federal actions) justified by
a mandate and supported by a constituency can
often have salutary effects on civilian technology
when such procurement is linked toe federal ReD °
on the technologics or products being bought.

* A balance of technical resources should be main-
tained by providing a level of federal support
for undirected basic rescarch adequate to ensure
objectivity and irndependence of "direction in the
rescarch community. '

...\:i__
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. Federal support for appliecd research and directed

basic rescarch should be guided by specific
- arguments about particular technologies and types
of projects undersupported" by the private sector --
not by general arguments about the overall
inadequacy of private R&D spending.. And any
proposals for programs to intervere.in civilian-
sector R&D should have a clea: and specific ‘
institutional structure in mind to allocate the
rescarch dollars. ' ' o o

Nature of Mechanisms

*  Cooperative R&D programs initiated and concucted
‘hy industry should be cncouraged by both direct
and indirect qupport of appropr;ate federal
agencies.

Federal support for directed bhasic rescarch
intended for the civilian sector should include
specific mechanisms for linkages between industry
and any third-party institutions conducting such
~rLsearch, whothor government- or ncadcmxc.

kednral support for applied rescarch ‘intenled’
for the civilian sector should include specific
mechanisms to obtain indiastry inputs, cooperation,
and, where approprxatL,Apart1c1nat1cn

* Federal actions in the cxvxllan sector should
flow from private initiatives whenever possible:
mechanisms should bhe |ovclopou to encouragce
private sector initiatives in identifying
technical necds,. recommending appropriate roles
for qovernment reclative to these needs, and in
suggesting tcchnxqueq for transter of the.résults.

* Public sector R&D, ec.g., defense and space, should
be corducted so as tc cncourago’linkaqos with the
civilian sector in arecas or basic science and
gereric technologies, wien appropr;atc, during the
p]annxng and. conduct of xeq;arch. :

Linkaqes“amqﬁq'univcrsity-inuustry-govcrnment
programs should be promoted. to strengthen the
general technical :infrastructure, improve the

flow of informatinn- concerning technical advances
and needs, and expedite transfer of ‘sich advances.. -

-xXii-
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I. THE CHANGING TIDE.

- In 1971, President Nixon assigned Mr. William M.
Magruder, an experienced aerospace executive, the task of
developing a list of major technical activities, to be sup-
ported in some degree by the federal government, which would
serve to utilize available technical manpower and knowledge
in programs that could support and stimulate economic growih.
This was referred to as the New Technology Oppcrtunities
Program (NTOP). . '

"In hindsight,. this initiztive appears as a tangible
divider between two eras in federaliR&Dvpolicy. From 1540
to 1970, federal sﬁpport of héD'was growing: but that suP;;:
port was directed larcely toward defense, atomic energy andh'

Space -- areas in vhich the government was itself the firal
customer for the R&D and the new technologies it produccd.
Other sectors benefited through "spin-offs." After 1970,
however, federal R&D support was used inéreasingly as a wa?};f
"of supporting and stinulating the geaeral eqonbmy == in aréésg
" such as transportation, housing, communication; an&fenergj‘

Mr. Magruder's assignment came at a time of slow-down..ﬁ
‘in the military'R&D spending, so that unemployment among -
certain high-technology perscnnel, notably acrospace engiﬁ—':
eers, became an unwelcome new phenomenon in the United i
States. Concurrently, an economic recession in the early.
1370s focused attention on industrial needs and on mechanisms
that might'revive_a lagging economy. An approach that would
appear tc address both problems had obvious appeal. But
witile the dimly perceived issues of both policy and prac-
tice were slowly being formulated and discussed, the economy
revived, technical épecialists‘were absﬁrbed (possibly

=1~
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involving conversion of skills) and the plan for major
government involvement in support of civilian-sector R&D
was filed away. ' '

From this first aborted step contemplating broad
éction, there followed a growing series of specific federal
- programs, each motivated by some particular problem concern-
'ing an industry sector -- e.g., energy or automotive -- or
an element in our general industrial basé -- e.g., materials
avéilability or adequate long-range research. By the. late
11703, federal agencies were conducting a wide range of acti-
'viﬁies, and there‘weré new legislative .proposals to add more.

.. Like all questicus of public policy, analzying the role .
;aﬁdieffectiveness of government involvement in civilian-
s?éfor R&D cannot be accomplished in an intellectual or poli-
_ﬁi¢él vacuum. Such an analysis must necessarily start with
_ihéipremises ~-- often unarticulated -- that accompany the
"pélitical and institutional structures it assumes.

Until very recently, the premises upon which government
policy toward civilian-sector R&D rested were developing in
‘a fairly clear and seemingly constant direction: greater
government involvement. '

. One indication of this tendency is apparent from the
numbérs. In constant 1972 dollars, federal R&D spending on
defense declined from $11.9 billion to $8.5 billion between
the Years 1967 to 1980, while the component devoted to civilian-
sector interests rose over that same period from $4.9 billion
to $7.2 billion.! But the trend is not merely quantitative.
Government involvement in civilian Kk&D .changed in character,

1. Willis H. Shapley and bon I. Phillips, Research and
. Development: AAAS Reprort 1V, Washington, D.C.: American
Association for the Advancement of Science, 1979, p.26,
and Shapley, et. al., Research and Development: AAAS

Report VI, Washington, D.C.: American Association for the
Advancement of Science, 1981, p.- 17. '




Amoving from a regime in which the support of basic research

and the molding of technological infrastructure was itself
the goal to one in which the support of R&D was an announced
means to various social goals -- notably the goal ‘of techno-
. logical supericrity in 1nternatzona1 trade. As such, this =~
conception of federal R&D*pollcy toward the civilian sector
‘was only one manifestation of what all‘political persuasions“

agree to have been an increasingly interventionist development

of general government after World War II.

Thls is not to say that the altered and enlarged
_federal role in Re&D evolved smoothly or without incident;:

in fact, as we will ‘try to document below, the premises of
federal R&D policy reigning in October, 1980, were the legacy
of a very eplsodlc history. Technology policy in the last
few .decades was shaped by at least three periods of policy
activism which, although failures polltlcally, were ult;-'
mately victories intellectually -- at least in the sense that
until recently-they set'the'tone for Executive Branch policy.

This_stcdy was commissioned and begnn cduring the last
of the activist periods, that of the departed Carter
Administration.  As a result, the study started out from
-what wevmight call a "pragmatlc base. Given the 1ncreablng
government supgort of civilian-sector R&D, we asked, what
criteria should the pollcy-maker use to extract optimum
effectiveness from the various government R&D programs?

There_were two sources of material from which to develop
such criteria. First, there'is historicai experience in each
industry relevant to understanding the sources of technical
change, the conditions for its’ introduction and use; and the.
- impact of federal policies upon - it. In our view, it is
important to recognlze that each 1ndustry is unlque in. 1ts‘

. needs and conditions -- a.fact far too often overlcoked in

-3



discussions of federal civilian-sector R&D policies. There-

fore, there is much to ke gained by a review and analysis of
the factors influencing technical change in each of a number
of industries differing in, for example, their R&D intensity
and the degrec of federally funded R&D.

Second, the expanding fedefal R&D actiQity in the past
ten vears that was intended to support or stimulate specific
industrial sectors has given rise to considerable empirical
data and experiences, viz., (a) new program irnitiatives put
forward by the government to explore various mechanisms for
interactions with industry -- e.g., the Cooperative Automo-
tive Rescarcha Program (CARP) -- and (b) a group of government
aﬁd’industry executives who have devoted increasing amounts
of time to working with these me:.'nanisms and with each other,
%:féking into account the combined government-industry technical
é_efforts in planning their own activities for creating techni-.
A:éal change. Discussions with these executives abon. the
?Eéffectiveness of both the newer exploratory procgrams and the |
;iélder, established programs could provide a rich base of

§judgmehts on the role and workability of federal R&D support.

The material for this study did indeed draw upon these
two principal sources, and this report is based primarily on
them, on other published references, and on the judgments and
interpretations of the autnors. A group of knowledgeable
economists has prepared a set of studies on the history of
technical change in seven major industries affected in vary-
ing degree by federal actions. An overview of these analyses
is presented in Chapter III, ard the complete set is appearing
as a separate publication. These provide references and
perspectives for much'of this present report. Chaptcr v
describes, categorizes, and analyzes seyeral of the new -

- initiatives proposed during the Carter term. '




We also did in fact interview and meet with many

industry and government officials both lndlvxdually and at

. several special seminars.

_ - But, althrough this study has its roots ‘in the ground
_ of the last administration, its fruit ripened in the climate
of the present administration. This has influenced in a
:cr1t1ca1 way the questions and emphases that govern the con-

c1u51ons o this study.

~ There is a‘strong case to be made that.thé last few
months have seen the beginning of a reversal in the post-
Qér trend in federal policy toward civilian-sector R&D.
~:ib put it somewhat crudely, the first question raised nowa-
5-;d§ys is: 1is there any appropfiatc role for direct federal
z?ﬁgb'support’ih the area under consideration? Only when and’
| i? the answer is."yes" does a concern with the "what" and )

"how" arise.

. This changlng tide affects the empha51s of this study,
2even though it arrives during the last third of the time
-allocated. Discussions with government and industry execu-
tives brought out sharply the increasing priority on
philosophy ~-- on the gquestion of "why?" -~ that has lately
replaced the earlier question of "how?"

_ All of this, of ccurse, required considerable attention
by the authors to the reordering and re-evaluation of the
material already in hand. For example, government initiatives
that were studied as possible exar>les of future growth now

become historical examples of largely intellectual interest.

But  this shlftxng of premises is not so much. a problem
for the study as it is a challenge and an opportunity. With
one foot in ecach of two very different realms, we perhaps



gain a perspective that is not confined by any particular
set of narrow premis=S. At the‘véry least{ the study offers
an element of-continuiﬁy in a time of change, and should
therefore provide a useful bridge between' past apd future
'science and technology policy. S o

e



II. R&D POLICIES IN PERSPECTIVE

In order to fill in some of the vacuum that normally
surrounds discussions of federal R&D policy, this chapter
attempts to place the relevant issues in a proper (a) histor-
ical, (b) practical, and {c) tneoretical context.

We need to begin with some definitions.

1. The participation of the government in an area of
technlcal actlvxty can be active or passive with regard to

its role in dlrectlng the allocation of technical resources
towards specific ends. Thus, government support for the _"
general scientific and technical base of the country -~ the
programs of the National Bureau of Standards, the basic '

‘research ‘objectives -of the National Science Foundation,
fellowship grants for unlver51ty study -- can be con51dered

passive. An example of an active intervention, by contrast,'
might be the government commitment to titanium dgvelopment{.

dating from the late 1940s, that specificaily sought the

development of light-weight metals for military aircraf :
(The term "active" is not intended to qescribe the physiéaif
intensity of the R&D effort, but rather to distinguish t§e :
specificity and goal-directedness of the government S

involvement.)

2. The mechanisﬁs used by the federal government to
influence civilian-sector R&D may be direct or indirect.
The specific allocation of money to'fund a desired technical
program like solar cells, whether in government laboratories
or by outside contracts, is direct R&D support. 'The provi-

sion of tax credits for the installation of solar collectors




is an indirect mechanism to stimulate a market for such

devices.'and thereby to create incentives for private R&D
‘efforts.. The former method specifies the conduct of an

R&D program approved by the government; the latter provides
incentives for moving in a certain dicection, but does not
mandate R&D Or specify its type or extent.  .Other indirect
mechanisms would include general tax and subsidy policies,
_tariffs, regulation -- both economic regulation and the
newerf“SOCial” regulation -- and even macroeconomic policies.

A. ﬁistorical Perspective.

fd the 19th and early 20th centuries, the direct efforts
of thé%federal government in civilian R&D were fundamentally

passive.

;§§ipatent system was specified in the U.S. Constitution
andgﬁhé Patent Office was the earliest federal presence in
R&béi’indeed} it is the Patent Office that was largely res-
ponsibie, in 1839, for originating the most significant direct
federal efforts of the 19th century: agricultural research.
By 1860, several states had already established agrichltural
colleges; and_1862 saw the establishment of the Agriculture
Department as well as the Land Grant College Act, which pro-
vided funds for agricultural colleges in every state. These
early educational efforts were focused on practical training
far more than on research; but the Hatch Act of 1887 provided

each state with funds specifically for research.1

1. See Robert Evenson, "Technical Change in U.S. Agriculture,"
in R.R. Nelson, ed., Technical Change in U.S. Industry: A
Cross-Industry Analysis, New York: Center for Science and

Technology Policy, 1981. [Hereinafter cited as Nelsor (1981)].

As noted above, .this companion volume to the present report
contains detailed analyses of technical change in seven
major areas of U.S. industry. The study's.conclusions are
summarized more fully below in Chapter III.
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Pederal'funding of agriculture could be considered

active in the limited sense that suﬂh reseaxch was seen as
a means for spurrlng 1mprovemert in a particular lndustrlal-
sector.  Yet, these efforts were entirely passzve in the
sense that the federal government did not -~ and still does
‘not -- have a 'strong influence on the-ditection_pf.the re-
search or‘fﬁe selection of‘projects.z ’

Another passive government aia tolsciencé and techno-
logy was the creacion of the National Bureau of Standards.
Begun in 1901 as the successor to the Office of Weights and
Measures, the NBS before WOrld'War II largely confined it-
self to setting standards ‘and conducflng research dxrectly

related to qtanddrds and measurement. 3

In the 20th century, the most characteristic 'influence-
of federal action -on civilian RaD has-been the "spin-off"’
effect from non-civilian -- usually militdry -- federal
' reéearch. A good>example of this is.the'commercialfaircraft_

ihcastfy, where developments in airframes and (eépecially)
~engines for mllltary aircraft found direct application in
'_c1v111an aviation.. "The Natlonal Advisory- Commlttee on Avia-
tion (NACA -- the fo+¢runner of present-day HASA) was set up
'in 1915 with explicitly military goals -- althouqh' until. '
about 1935, its 1aborator1eq provxded 1mportant emplrLCal
and - fﬂchnologlcal information that was as useful in civilian

applications asz in m111tary.4

S 2. Evenson, Op- C1t

3. See Weights and Measures Admlnlstratlon, National Bureau
- ~of Standards Handbook, 82, U.S. Department of Commerce,
1962. T '

4. David Mowery and Nathan Rosenberg,: "Government Policy
“and Innovation in the Commercial. Aircraft Industry,
1925~ 75,“.1n Nelson (1981), op.. Clt



This pattern of influence was not unique to aviation;

much the same story can be told about such industries as
computers and semiconductors by merely translating a few
decades forward in time.S In other areas, though, indust-
rial development was influenced only negligibly by direct

: fgderal R&D efforis, whether spun-off or otherwise.

In such areas as railroads, autcmobiles and housing,
the extent and direction of technical chahge was influenced
solely by indirect federal actions until the 1960s. In the
case of automobiles, for example, federal tax policy and the
subsidization of a massive highway systém -- not federal R&D --
shaped the modern American car.

"It is only after World War II -- and, for the most part,
i not until the 1960s -- that we begin to rind government

' involvement in civilian-cector R&D that is both dlrect and

- active.

The period in U.S. history from 1945 through the 1960s

'i;(and beyond) was characterized by a number of generally

:lagreed—upon attributes. Politically, there was a slowly
decreasing resistance to the enlargement of govérnhent and

to its extension into the civilian sphere. Furthermore,
?Apubiic attitudes toward sciunce and technology were extremely
favorable, with widespread confidence in the ability of those
disciplines to solve problems and produce results. Public V
" anxiety had other causes; a growing recognition of U.S. pre-
eminence in worid affairs, coupled with the sentiments and
intuitionslof the cold war, led ﬂo an attitude of "gappism"
that called out in alarm whenever the U.S. was seen to be

"lagging" in aggragate statistics of one kind or another.

5. See Barbara Katz and Almarin Phillips, "Government
Technological Opportunities, and the Structure of the
. Computer Industry, 1946-61," as well as Richard Levin,
"The Government and Technical Change in the Semlconductor
Industry,"” in Nelson (1981), Op..Cit.
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It is probably not too surprising that these factors

should have combined to yield programs to use government-
funded R&D as a "control variable" to effect natioﬁal civi-
lian objectives -- notably the prevention or elimination of
a "technology gap” relative to other devecloped countries.

. By 1980, the desirability of such progruims was virtually a-
ﬂzgiven in national science and technology policy.

This is not to say that this opinion was or is unani-
@éus or that its dominance in policy circles came gradually
énd uneventfully. 1In fact, the premises of science policy
feigning in Washingtoh at the time this study began were the
p#oduct of at least ‘three distinct and identifiéble periods
éf government activism.

i

The first of these periods came in the early years of

*;ﬁﬁe Kennedy administration =--.a time when, in the view of
‘féﬁéhy Sch@lars, the governing attitude in the White House
g?QaSnthat public policy is no longer a matter of ideolégy

?th of dispassionate technocratic management.6 The Commerce
‘ﬁepartment created the post of assistant secretary for science
énd technolbgy; and J. Herbert Hollomon, then head of GE's
‘Engineering Laboratory, was named to fill it.

ﬁollomon's major project wés to initiate a Civilian .
Industrial Technology Program (CIT). The program would have
'(a) provided funds for university personnel to work on indus-
trial research; (b) attempted to stimulate industry to under-
'take.more risky or expensive R&D; (c¢) developed an Agriculture-
like university-industry extcnsion service; and (d) provicded

: . ; . . . . . . 7
services for collecting and disseminating technical information.

6. See, e.g., Arthur Schlesinger, A Thousand Days, 1965,
p. 644, : :

7. D.S. Greenberg, "Civilian Technology: Concern Over Pace
of Growth Inspires Program for Rese..:ch ana Development
Effort," Science, Vol. 139, February 5, 1963, p. 576.
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resources into areas like health, ‘education and housihg. The
Nixon administration initially displayed a lack of—enthusiaSmi

in quiet despair over the administration's technology efforts

The raison d'stre of CIT was the perceived "gap" in

industrial technélogy, apparently measured not by a compari-

son of technological outputs but the proportion of inputs
devoted to civilian technology relative to other industrial-

ized cbuntries.8

Hollcmon saw many U.S. industries as "lag-
ging" in the application of science and technology to production,

a view he expressed with what the science press of the day

" termed a singular lack of diplomacy.9 ‘Industry officials,

with the help of labor, quickly succeeded in Ahilling the pro-
gram.10 Congrecs eventually approved the "extension service"
part -- and then killed even that in 1969, 11 '

The idea of an industrial R&D eftort lay dormant during

" the Johnson years, although spending on non—miiitary R&D

rose as the line agencies of the Great Society channeled

for an industvial technology program; indeed, the incumbent

successcer to Hollomon as assistant Commerce secretary resigne

: But, within a matter of months, the winds shifted.
Partly be- Te the economy, overheated by budget deficits and
moretary inflation during the Vietnam War, was beginning to

8. Ibid.

9. D.S. Creenberg,'”civilian Technology: Program to Boost
" Industrial Research Heavily Slashed in House," Science
Vol. 140, June 28, 1963, p. 1380.

10. D.S. Greenberg, "Civilian Tuchnology: Opposition in
Congress and Industry Leads o Major Pealignment of ,
Program," Science, Vol. 143, February 14, 1964, p. 660.

11. Andrew Hamilton, "State Technical Services Act: ' Congress
Swings the Axe," Science, Vol. 166, December 26, 1968,
p. 1606.

12. John Walsh, "Myron Tribus, Top Science Official, Resigns,’
Science, Vol. 170, December 4, 1970, p. 1065.



turn down, and partly bacause the imminert end of the

Apollo program was creating unemploymeni in the science and
engineering community,13 ttie Nixon administration, as part
of its economic policy, sudfcrly became very xntpr cd in

fosicring industrial technology. -4

: This time, the initiative came not at the assistant-
L seéretary level but at the level of the White House . staff,
Nixon brought. in William Magruder -- fresh from heading the
administration' s ill-fated SST ctfort -~ to organize the

15

New Technology Opportunxtles Program (MT72), .a four-mOnth

ii executive-branch policy study completed in January, 1972.

_ As a>praétiCal matter, this initatives program got
.'11ttlc further than -its predecessor in the 1960s. - There was
Jnitially much talk about tax incentives for private R&D;
“large increases in feder~l spending for applied civilian

' research; changes in the anti-trust laws; and even a reorgan-

' ‘ization on the federal R&D policy and management organization.

“~13. 1Initially, the administration's position had been that
"it would not try to stimulate R&D as a way of reducing
unemployment among technologists, relying instead on
special retraining and information programs. See
Philip M. Boffey, “Unemployment: What Nixon 1s/Isn'
Doing to Help .Jobless Scientists," Science, Vol. 171,
March 12, 1971, p. 985.

214. Nicholas Wade, "Nixon's New Economic Policy: Hints of

16

a Resurgence for R&D," Science, Vol. 173, August 27, 1971,

pP. 7294. On the New ECOnomic Policy qenerally, see
Herbert Stein, "Remembering the Fifteenth of August,”
The Wall Strect Journal, Auqust 14, 1981,

15. Deborah Shapley, "Magruder in the White House: SST Man
Plans New Technolcgy Take Off," Sc;cnce, vVol. 174,
October 22, 1971, p. 386.

16. Sce Claude E. Barfield, "High-Tech.aology Package Focuses’
on Domestic Needs, U.S. Trade Balance," National Journal,
October 23, 1971, p. 2114; Claude E. Barfield, "High-
Technology Research Program May include Tax and Antitrust
Proposals,” National Journal, October 31, 1971, p.2156;
and Deborah Shapley, "Tgchnoloqy Initiatives: Hints on

the Magruder Effort," Sc1cncc, Vol. 175, January 21, 1972,

p. 279.



There was also consxderable effort put into’ the preparation

of plans for. major cxvxllan orlented R&D programs. But when
the program reached Congress, it contalned oniy modest
increases in spending on goal- d1'ected research for social
Aconcerns and a $40 million cooperatzve program under which
the Natxonal Science Foundation and the National Bureau of
Standards would jointly "test incentives to stimulate R&D;“17
These funds were promptly impounded by the Office of Manage-

ment and Budget (OMB).18

A - On another level, though, the Magruder effort was a
success. For‘it signalled the ideological victory within a-
Republican administration of the proposition that civilian-
sector R&D is a lever that, in tﬁe hands of the government, -
can affect the macroeconomic problems of productivity and
international trade. No less a figure than.£h¢n~Commerée
sccretéry HaﬁriceIStans testified béfore‘Congress to the

administration's faith in this proposition.

The candor with whlch Stans presented the case is almost

' startllng. He cited figures -- based, evidently, on the’ neo-

Ly : _ 20
mercantilist analyses of an enterprising Commerce economist™ --

17. Fred H. Zerkel, "White House Shapeé‘Strafegié Approach to
. F&D," Chemical and Engineering News: March 20, 1972, p. 24.

18. Rokert Gillette, "Technological Initiatives: NBS Funds in
Holding Pattern," Science, Vol. 179, Jan..12,1973, p. 163.

19. Maurice Stans, "Science, Technology an¢ the Economy," State-
ment before the House Subcommittce on Scienrce, Research and
Pevelopment, July 27, 1971, reprinted in NBS Technical News
Bulletin, November 1971, p. 270. -

20. See Phillip M. Boffey, "Technology and World Trade- Is There
Cause for Alarm?" Science, Vol. 172, April 2, 1971, p. 37,
and Deborah Shapley, "Technology and Trade Crisis: salvation

. Through a New Policy,” Sc1ehce, Vol.,l79 March 2, 1973,
p. 88l. The coricern with a "trade gap" was also voiced in
the popular press. See "Making U.S. Technology More Compe- -
titive,"” Business Week, Jan. 15, 1972, p. -44. Fcr a move
balanced contemporary view, see Harvey Brooks, "What's
Happening ‘to the U.S. Lead in Techneclogy?” Harvard Business
Review, Vol. 50, No. 3, May-June 1972, p. 110.




linking an unfavorable trade balance with inadequate spend-
ing on civilian R&D. Then, listing all the other factors

cohventionally'thought to govern a nation's trade position -~
inflation, exchange rates, tariffs, quotas, etc. -- Stans

. argued that the only variable the government could realiz'
‘control is "technological ddevelopment” (read4 civilian R&D).
*{T) he major clement which we can. xnfluence decxsxvely for
the long=-run," he told the House 301encc, Research and
Development subcommittee, "is the level of techneclogical
development. It may be our only hope. cof maintaining a
~future trade position adequate to surport our balance of

payments in the years to come. nel The only dissent seemed

to come from that perenninl spoil-sport, omB. 22

.

Watergate and its aftermath put the question of civilian
R&D initiatives on the back burner at top. administrative =

levels. Only at the lower cchelcns of the civilian agencxcs

did the pot continue to simmer.

In May, 1978, President Carter called for a(domestié
policy review (DPR) on innovation. This review, completed
in 1979 under the direction of Jordan Baruch, the most r'_
assxstant Commerce secretary for science and technoloqy,_pfo-
_duced a more specific and more ambiticus set of proposals

thar did its predecessors. Analyzing this third Lnltlatlve

and its proposals is the topic qf Chapter 1V below.

21. Stans, Op. Cit. .
22. Wade (August 27, 1971), Op. Cit. p. 795.
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B. Functions and Role of Industrial Research.

In order t¢ inderstand the significance of the Carter
initiatives, though, more than a historical background is
necessary. One also_needs a bat kground on the principles
and procedures by'which science and technology relate to

~civilian objectives. In particular, one needs to know some-

thing about industrial research and how it operates.23

The activity in'séciety likely to be most important to’
an efféctive federal role in civilian-sector R&D is industrial
research itself. The industrial resecarch sector is the
principal instrument fér integrating science and technology
into thc U.S. industrial system, which in turn is the instru-
ment: by which the resulting products, processes and services

arc 1ntzoduced into the economy.

'i;%hus, the effectiveness of federal efforts intended to
SUépbe civilian-scctor R&D depchs very criticdlly on inter-
actibns with industrial research. 1t is at the least a vital
paftgbf the transfer process between any federal program and
the Qltimatg user, and it can be a major source of inputs and

assistance for such programs.

The evaluation of past federal actions and suggestions
for future guidelines call for some comprehension of the
principal functions of industrial research and how these are
carried out. Without ir any way attempting to describe the
history of industrial reséarch, this scction will set forth
simply:thosé specific Sspec:s‘which must be understood and

considered in the development and implementation of a national

23, For a fuller treatment in a slightly different context,
sce Herbert 1. Fusfeid, Perspectives on U.S. Industrial
Innovation, New York: Center for Science and Technology
Policy, January, 1981. This publication also contains
an annotated bibliography by Theodore W. Schlie, of
which see especially pp. 7-13.
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sciencé~poliéy. This rests to some extent on understanding’

S Co ‘ ‘the roléAof the private sector itself!

The characterxstxcs of the przvate sector relevant to
our dxscussxon are:
1. .It decentrallzes dPClSlon-maklng. Fach individual

firm makes decisions on the alloca-lon of those
resources within its control

‘2.. Each firm tries to allocate 1ts resources so as
: to produce maximum return on investment consxstent
_w1th long-term growth and stab;];ty. :

. 3. The profit motive (or profit constralnt) creates
’ an internal pressure within each firm to maintain
a proper balance among its resources.

Now, con51der the role and characteristics of 1nduqtr1a1
research in this envxronment. "It is not an independent acti-
v1ty, set apart, feedxng occasxonal ideas and technical '
breakthroughs along:a one-~way communication link to an eager
and waiting production llne.i It is, and must be, very much

" a part of the whole industrial system. Thus, the firm has

BT make plans for:

1. Technical programs and/or areas relevant to the
business strategy of the flrm,

" 2. The level of technical effort comoatlble with =
) the needs and abilities of the firm; and

3. Mechan1sms for conversion to use of successlul
R&D programs.

The key to all thesé activitieé'is balance. This is
v ' - -+ both qualltatlve, as in the case of bus;ness strategy énd
' ‘ management capabllltles, and quantxtatlve, as in the use of
avaxlable funds and manpower in light of probable return.
v - ' ':The process by which one a'rlveo'at these judgments ‘must con-
o ' ‘ sxder the cost and technical: feasxblllLy of adapting successful
"R&D to. workable manufacturlng processes using- economxcally

avallable materxals to glve satlsfactory pcrformance in use.
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There are, in short, certain disciplines that make up
industrial research. This is why otherwise 1dent1cal

technxcal projects concerned with (say) removxng sulphur

from coal would have fundamentally different attributes when

conducted by an industry, a university, or a government
enviroament. Among these attributes are:

1. Consideration of the system which will be used
to develop manufacturing processes and arrange
distribution.

2. Consideration of all technical characteristics
of a final product or process as defined by the
‘'needs and constraints of the user.

3. Consideration of the interactions among market
demands, cost, investmen%, and technical perfor-
mance of the product or process.

4. Consideraton of perceived options to meet the

" broad needs of the potential user with regard
to a specific mission-oriented objective, either
through competitive technical approaches, substi-
tutes, or non-technical approaches (e.g., use of

economic incentives or penalties). 4

The industrial research commuhity, particularly the

research manager, is the bridge between science and. the user

and must account for the transfer process between the two.
Thé'fesearch manager is aware that the function of R&D is

to provide options -- for solutions to problems or for
investments -- that are acceptable economically to society.
The R&D activities are integrated with a complete manufactur-
1ng and distribution system, and all parts of the system are

1nvolvgd 1n the earliest plannlng and the ultimate use.

These are, of course, precisely the approaches required
to answer the questions raised regarding an active scieﬁce'
policy in the civilian sector: how to decide on priorities
among technical brograms and how to brovide for effectiie
transfer. The mechanisms for both reside within industrial
research. The problem is how to couple this know-how with

government programs.

=18~
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Those federal policies that recognize and make use
of the characteristics of industrial research will be most
likely to improve the effectiveress of civilian-sectow R&D.
Those that do not, either through lack of understanding of
those mechanisms or because of the pressure of other national

objectives, will lower this effectiveness. -

These comments are valid for the.range of federal

.iﬁteraptions with the private sector in the R&D field.
.,?hese include the direct efforts where federal funding may
’?Support R&D conducted within industry, or where scme form
rbt cooperative efforts between government and industry is
. the mechanism. It obviously holds for such’ indirect effort
.1:§s tax incentives. In any instance, the unique aspect of
" :industrial research is the integration of the R&D organizétion

with the other resources ot each individual corporatibn, not

simply the R&D capability 'as an isolated resource.

Thls summary of the nature of industrial research can

P ﬂbe made more complete for the purposes of this study by add-
;Ajlng a few comments about spec1f1c operating characterlstlcs.
“ ' The most important feature is that each industry ig unique

" with regard to such factors as:

W Whether competition is atomistic or rivalrous;
'* The sizes and size-distribution of firms;

* The ease of entry for new firms;

* The R&D policies of the firms;

* The nature of the customers and their innovative
behavior;

* The proprietary characteristics of the knowledge
produced by R&D in the industry:; and

* The nature and extent of government regulation.

There are others. What comes through sharply in this 1ist

is that the rcactlon of industry to any federal effort in

" R&D will be dlfferent for each industry -- indeed for each

company.
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Thus, there is considerable variation among industries

in the lznkages w1th, and dependence upon, outs;de sources
of technical change. These diverse links include eoopera-
tive plans with unlversitiee, joint.ventures with other _
companies, liaiSonAactivities with technical organizations'

internationally.

In the broadest sensé, then, there are several princi-~
ples concerning federal support of civilian-sector R&D that
emerge from considerations of industrial research:

*  First, thv - effectiveness.of a program will be
related to the extent of "tailoring” to the
characteristics of the industry or 1ndustrles
affected

& Second, there must be a clear appreciation of
the strategic planning taking place in each
1ndustry for the integration of technlcal change
-in its economic growth. :

* Third, the value of direct vs. indirect federal
actions is dependent upon each industry.

C. R&D and Productivity Growth, and the Roles of Public
R&D Fundiug. '

Economic analyses sometimes lead, and sometimes lag,
policy deliberations. In the case of government policy toward
industrial innovation, economic'analysis ran ahead of general

policy discussions. .

During the 1960s, there was considerable supﬁort within
the .professional econoﬁic community for the proposition that
government ought tevplay an‘active role in industrial innova-
tion. That support rested on- two separate llnes of analysis.
F1rst,~several studies during the 1950s ied economlsts to

belleye that technalogacal advarce accounted. for the .lion'



_shq:e of the high productivity growth then being experi-

enced, and that research and development expenditures were
an important source of technological -advance. - Second, a
variety of theoretical arguments suggested that, in general,
profit maximizinghactivity by business firms operating in
competitive markets leads to a level of spending less than

the "social optimum."

In recent years, economists have learned that. the

relationships between R&D and-productivity growth -- and

the kinds of roles that government,fruitfully.can-play in
~industrial innovation -- are more subtle and complex than
these earlier formulations had indicated. But the development.
of these earlier theories strongly influenced the direction

of policy; and the intellectual history of those analyses is
dlrectly relevant to understanding the history of government

Folicy toward c1v111an sector R&D. 24

‘There has been a. long tradlt\on in economics of res,areh
- on productivity growth. "Adam Smith was 1nterested in that
topic, and he assigned much of the credit for the rapid pro~
ductivity growth then occurrlng in England to what now would

be called industrial innovation. He noted several sources:5

of innovation, including what we would now call "learning

curves,” and he recognized the background role of basic ;n?

science. Many economists since Smith have speculated on .

24. For a comprehensive review of earlier scholarly thinking
on R&D and .innovation, see Richard R. Nelson, Merton Peck,
and Edward Kalachek, Technology, Economic Growth and
Public Policy, Washington, D.C.: The Brookings
Institution, 1967. For a more recent viewpoint (by one

of the same authors) on the economics of innovation and
R&D, see Nelson and Sidney Winter, "In Search of a Use-
ful Theory of Innovation," Research Policy, Vol. 6,
(1977), p. 36. S '
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the sources of productivity growth and industrial innovation.

In the 1950s, economists at the National Bureau of Economic
Research began systematic studies to'idéntify'the sources

of experienced productivity growth. As a result of their
work (and that of Robert Solcw and Edward Denison) economists,
by 1960, were in accord that only a small fraction of the

- growth of output per worker experienced in the United States
" could be attributed simply -to increases in machinéry or other
. materie: inputs per worker. Most of the productivity advance
'rshowgd up as a disembodied increase in the capability to pro-
duce goods and services from given inputs; the couhtry's'
econbmists associated this increase with technological
advance. During the early and middle 1960s, many scholars
notgdltﬁat the technological advance, measured as an incréase
of.thé_producfivity of all inputs, seemed to have accelerated
siébificantly in the post-war years. It was recognized that
R&Déébending had increased greatly as well, and many scholars
,dre&lthe obvious connections.

EE %t roughly the same time, a number of scholars were
inqﬁi}ing into the determinants of R&D spending by business
firmsiand exploring, within thé context of various models,
~whether the magnitude and allocation of R&D spending most
profitable for business firms 1s also "optimal" from a social
point of view. The results of these inquiries led economists
to arque that a more active government role in stimulating
industfial R&D would be in the social interest. There were
several arguments in the economistsf quiver. First, it was
argued, R&D expenditures ofténAyield "externalities": the
returns to one firm's R&D flow in.part to other parties and
are therefore only partially capturable by the firm that
bears the R&D expense. A second arqument was that efforts
to achieve significant technological breakthroughs inevitably
involve considerable unceptainty; when uncertainties are very

large, business investment is likely to be deterred even if
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the expected galn is reasonably hlgh., Both of these arqu-

ments suggested that, when Judged from a social point of

view, prlvate 1nvestment in R&D is. necessarily 1nsuff1¢1ent,
:ano thlS poxnted toward federal policies to supplement
'pr1vate R&D spending. It seemed plausible that federal funds
should go into the kinds of R&D and the industries where the’
externalities and uncertalntles were qreatest In addition,
~many economzsts were arguing, when 1ndustry structure is’
fragmented the firms tend to be too small to mount an effl-
cient R&D effort. Special federal programs for such indust-
rles ought to be’ consxdered.

These theoret1ca1 arguments were supported by a few
quantltatlve studies of the social returns to part1cular
R&D investments. These studies showed such returns to be
very high. Studles of federal R&D support, partlcularly 1n
agriculture, showed past government 1nvolvements to have been

excellent social 1nvestments.

Taken together, the economists"’ f;ndlngs about the
lmportant role of techno‘oglcal advance in economic growth

© .and their arguments about a tendency of private business

firms. to under~ fund R&D prov1ded strong intellectual support
for those ‘withkin -- and out51de ~-- government who believed in

a more active federal presence. . The' -economists'’ arguments

were presented in the 1962 annual ‘Econeomic Report of the

' President in support of the then~-developing civilian industrial

Atechnology program (CIT) mentioned earlier. They have also
‘been used, in one way or another, in all 1ater dlSCUSSlons

‘about the appropriate government role.

Economists now understand thét the relationships between
'R&D spending and productxvlty growth are more compllcated )
than they earlier believed. Durlng both the Magruder e>er01se
“and the more recent Domestlc Pollcy Review on 1nnovatlon,25 |

25.° Cf. Chapter I1.A. abOVe.
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the erosion in the American technologlcal lead aas a topic

of con51derable concern. Government stimulus of R&D was
'put forth as a means to halt the relative decline. However,
'a number of recent studies have shown that the differences
'among the industrialiied nations in their rates of'producti-
vity growth are not well correlated with their R&D spending,
either in volume or as a function of. GNP. Indeed, the two
countries which in the 1950s and early 1960s had the highest
ratio of R&b to GNP -- the United States and Great Britain =--
experienced among the lowest productivity growth rates. 1t
has been noted that both the U.S. and Britain allocated an
unusually large share of fhelr R&D to defense purposes. In
any case, productivity giowth among nations has been much
bétter correlated with physical investment as a fraction of
GNP than with R&D as a fraction of GNP, whether defense R&D
'is counted or not. .

Once one recogrizes the relative ease with which
technologlcal knowledge flows across national boundaries,
this conclu51on should not be partlcularly surprising.
Certainly in the 1950s and-l9605, the European countries
and Japan were benefiting greatly from their ability to
adopt technology developed or employcd earlier in the United
- States. There is evidence (for example in the form of patent

11censxng statistics) that, as technological levels among
countries have come closer together in the 1970s, the Unxted
States 1is- beglnnxng to benefit from technology developed in
other countries.

. This suggests a more subtle connection between a
country's overall R&D effort and its relative proouct1v1ty
,q*owth pelformancp So long as their physical investment
rates are substaniial, countries with productivity levels

and technologles well below the frontier can probably achieve

rapid productivity growth even if their RsD syending is modest.
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A country's R&D effort becomes more important_wﬁen it is

close to or striving toward the frontier, or trying to hold
a position at the frontier. For countries in this position,
a strong R&D effort is necessary for rapid productivity
growth, even though it may not be sufficient.

Just as differences in countries"' productivity growta

Erates have not been strongly correlated with differences in
ltheir R&D spending, variations in a country's economic '
. growth rate over time are not well associated with variations
-Ein its overall R&D spending rate. In particular, it is
1un11kely that the worsened productivity growth experienced
fln most countrles after 1973 was caused by a fall in their
“R&D spendlng. What is true is that the surge of productivity
:fjérowth that the1United States, Western Europe, and Japan
:enjoyed during the 1960s came at a time whan, by historical
;standards, all of these countrles were investing heavily in

;R&D.;-But the slowdown of productivity growth since 1973 has

' :ébeen ubiquitous.' Only ir the United States and France was

é;zthe productivity growth deceleration  fcreshadowed by any.
i;élowdown in R&D expenditure. And in those countriés, the
“:bulk of that R&D decline has been in government R&D sperding
:;on defense and space -- not in industrial R&D spending on

“industrial innovation.

Again, a more subtle analysis seems called for. Even

-for a country close to the frontiers of technology, it will

take time before varlatlons in R&D spending affect product1v1ty
growth, and it matters what kind of R&D spending is advanclng
6: declining. Nonetheless, it probably is true that a country
cannot long stay at the forefront if it allows the level of

its industrial RaD focused on new. products and processes CoOn-

tinually to erode.

The connectioné between R&D spending and productivity.

growth show up‘more sharply when one considers the differences
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in measured rates of prodvctivity growth and technical

advance among sectors and industries. aimost invariably,
“industries experiencing rapid productivity growth either
spend a considerable amount themselves on R&D or have equip-
nient or material suppliers who spend a considerable amount
on ReD. Those who spend little themselves on R&D, and who
are not fortunate enough to have techhologically progressive
suppliers, have experienced very slow productivity growth.

" The question of.why there are such great diiferences across
industries and sectors in the R&D attention they are attract-
ing is interesting, important, and at present not well
answered. One possible answer is that RSD on the technologxes
in some industries is not very fruitful, and the lack of R&D '
attention simply reflects this. Another possible answer,
‘consistent with the theoretical arquments that private firms
spend too little on R&D, is that a variety'of institutional
fdctors render R&D prlvately unprofitable in circumstances
in which it would be socially fruitful. And no coverument

policies have yet ozen devised to remedy the situation.

The~qdestion is particularly germane to this report,
since government programs in support of civilian applied R&D
inevitably will -- and should -- differ from sector to sector

What makes sense for agriculture may make little sense for

pharmeceuticals. Government policies to stimulate industrial:
innovation in general can make use of across-the-board 1nst1u-ff§
ments like the new tax credit for (increments to) R&D spcndlngf';
or varlous mechanisms to facilitate fruitful university- 2
1ndustry interaction.  Support of academic basic research
conducted at universities is also a general-purpose tocl, cven
though its effects (as that of tax credits) wre likely to

vary significartly from industry to industry; When the focus

is on difect support of R&D aimed at advancing technological
understanding or capability, it is essential to recognize

that particular programs inevitably will be targeéed on parti-
cular industries or industry groups. What is appropriate fcr

one industry may not be for another. . E j



What are the appropriate roles for the federal govern-

‘ment in stimuléting ané guiding applied R&D spending? In
particular, what kind of R&D should the federal government
itself finance? What industries and technologies especially
warrant governmen£ R&D support? Economists once thought they
knew- the answars to these questions. But, as economists
began to recognize more clearly the complexities of the rela-
tionships between R&D spendlng and pvoduct1v1ty growih, the
simple arguments that had once seemed to provide support and
i - guidance for an active federal role ‘in civilian-sector R&D

- began suddenly:to unraﬁel. _The situation is now recogrized
ii to be more complicated -- and directions for policy to Le

”f more uncertain.

In the first place, when a competitive firm's inventions

. are protected to some degree by psftents or secrecy, there are

. “incentives for the firm to do R&D that,  in effect, duplicates

' or "invents around" already available technology. Although

: "externalities" may lead firms to underinvest in R&D from a _
' “social point of view, these incentives to duplicate or "invent
" around” pull in the oppositc direction. While it is still
clear that the allocation of R&D resources generated in A
canpetitive industry by profit incentives may not be "socially

‘optimal," the problem is not easily characterized in terms of
~under-spending. Also, it is not obvious what, if anything,
-;féderal policy can do to improve the allocation of Rs&D spend-
iing, particularly when firms are reluctant to disclose their

iown R&D programs to public view.

Similarly, the implications of that considerable uncer-
'tainty which attends endecavors to advance a technology signi-.
ficantly now are understood to be far ﬁore compley and subtle
than was once thought. _Under cenditions of technological
uncertainty, the abpropriate strategy from a social point of

view would appear to involve the exploration of a number of

. N



dxfferent alternatlves, rather than a "big push" in one

dzrectxon or another. The aborted federal attempt to fund
development of a supersonlc transport 1llustrates the pro-
“blem in parad1gmat1c fashion. '

The argument that a federal role is partxcu‘arly war-
ranted in lndustrles where firms are sma‘l also began to
" come apart. It was noticed that in some lndustrles, technxcal
progress was slow despite the fact that firms were large, and
in some industries where techno]oglcal progress was rapid,
new and small firms were lmportant sources of the kcy inven-
tions. The experience with Operatlon Breakthrough vividly ‘
illustratcd the dangers of applying the agrlculture model
indiscriminately. EQen 1f the experience of agrzcultural
.policy is applicable to other industries with a similar,
"fragmented" structure, the necessary institutional arrange- -~

" ments remain complex and hard to-put togethcr in a polltxcal

settlng.

At the same‘time; analysts have also come more fully
to realize that government-supported RSD_associated with
procurement, and government-funded research undertaken_at
universities but tailored to particular social needs or
technologies} have contributed to‘ciVilian innovation in a
‘number of industries. -In considering;goVernment R&Disupport
to spur industrial innovation, it may be a mistake not to
consider very carefully procurement—related R&D and-support
”of R&D at universities. The'federal”government has a choice
about whether and the cxtenL to which it funds R&D oOn the
products it procures. Similarly, there is considerable rocom
for discretion regardlng the range of research topics that
the governmentlcan<support in a uniVersity setting with the

research results treated as non-oroprietary.

Thesc consxderatlons suggest some gu1dc11ne~ for the role-

of the federal government. Wé think 1t'apparent that the R&D
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.allocation generated by market incentives is not necessarily

"optimal.” But federal policies to improve that allocation
will have to be subtle, and formal theoretical reasoning
does not take us very far toward understanding which kinds
of policies will work. Thus, the question of appropriate
federal policies is largely an empirical one, not a theore-
tical one. The research we have undertaken on the history
of federai invelvement in seven American industries --
reported below in Chapter III -- and on recent federal '
technical initiatives in the civilian sector -- discussed
in Chapter 1V - is a start on such-cmpirichlhresearch.

b. Perceptions of Government Action: Inputs from o o

Executives in Government and Industry.

If, as we have suggested, understanding the process'

of technical change in industry -- and the involvement of

government in that process -- is a rather subtle and compl
institutional problem, then it becomes clear thét any
federal efforts in the service of civilian technology mus
recognize the institutional problem and work within its

constraints.

In particular, the messace of the foreqcing Sectionsi
is in large part that effective government R&D efforts in;
the c:v111an sector must understand and utilize ffectxvtly
the knowleoge and incentives of private 1ndu>try rurther—'
more, as history suggests, the political success of such.‘ IR
a program depends crucially upon the development and main-

tenance of a constituency for its support.

This 1mmec1ate1y implies that successful federal involve-

ment in c1v111an R&D requires a non- controntatlonal interactiog

with industry -- that government support depends for its
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effectiveness on the understanding, cooperation, and
involvement of the industrial research ex2cutives and
senior government officials who must set p011c1es and make

decisions on technical programs.

With this in mind, it seemed to us essential to examine

_the views of decision-maker -- both in industry and in govern-
‘ment -- who have been involved in public-private i.teractions

in éivilian-sector R&D. And an important aspect of this
study thus has been to engage such individuals in discussion
about the government role in civilian-sector R&D; about
spec1f1c program initiatives; and about specific mechanlbms
fori;mplementxng government objectives. “These discussions
occﬁfred partly in three workshops of abouv 20 to 25 people
each, and partly in individual dlscu551on§. There were two

pr1nc1pa1 purposes served.

‘First, these key pgrsonngl provxded critical persp;c-

tlues concerning the subjects examined in this study. These

value judgmients and anecdotal experiences were lelpful in
the ‘task of extracting lessons from the material assembled,
and were undoubtedly respcnsible in large part for the gen-
eraily pxagmatic.tone reflected throughout this réport.

Second, the commentaries and perceptions of senior
executives provided an impcrtant base for déveloping the
genefal themes summorized ir Chapter V and for suggesting
the criteria to guide future policy actions. The accompanying
induétry studies, the recent governhent initiaﬁiﬁes, and '
the historical evolution of public- and priVaté-sector R&D
offer a large number of specific examples of good and bad
interactions; but the selection of si@ply-stated criteria
that might serve as a mcre general guide was aided by the

experienced judgments we received.

Many of these inputs have aiready been woven into the

analyses of the preceding chapters, and also in Chapters 1I1
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and 1IV. Thete are some themes present in the perceptions
of those interviewed, however, that should be emphasizad by
presenting them berevas,general lines of thought, without

thinking of them only in the context of a particular
industry or program. '

One'Somewhat unexpected Observatfon was the general
agreement betﬁeen government and industry executives on
major approaches to government 1ndu<try 1nteractlons. The
51mp1e concept that effective government 1nvo1vement in
'c1v111an sector R&D called. for private~ sector 11nkages in
plannlng, in conducting R&D, and in converting reﬁults to
use emerged from both sectors. The need for guldance based
on market oonsidetations was axiomatic to all with regarad '
to technology that could lead to products-andlprooesses

integrated into the civilian. economy.

Thcre was eoual comparablllty in dlscu551ons as to
what factors could- justify government ac*1v;ty in civilian-

sector R&D -- questions of important public interest,

d1sdggregated industry structure, general needs for support—A

ing the techn1cal 1nfrastructure., This should not imply

'complete agreement, but remarkably slmllar llStlngb emerged-

from government ‘and indus try‘reprebentatJVLb.

_ Clearly,’ouf discussions were with'operating executives
'of both- sides, not-ideologues.' These were»thooghtful people
-who had spent their professional céfeefs in addfessinglthe
question of generating'and using technical'chénge}‘ The
-similarity seemed to override the advefsary tendency one _
often expects to encounter in government-industry dialogues

on economic c¢r social questions.
Thus} 1ndustry representatlv s prov1ded examples for

" constructive government act1v1t1es,not arguments for a

complete withdrawal from government 1ntervent;on. Thelf
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views mirrored to a large extent the conclusions of the
economic higtories described in II1 C (above). There was a
general consensus on these broad points: ' '

*  The government should fund basic scientific
research and support g=2neric technologies.

*  The government should stay out of applied
research whenever it is not itself the final
customer for the products involved.

* Cooperative research among companies -- or
among companies and government -- is possible
in a rivalrous industry only on matters
"peripheral" to the industry's main concerns.

# The government should support scientific and
technical infrastructure -- facilities, teaching,
and especially manpower training.

In a similar manner, government representatives
suggested a need for the sorts of interactions that have
long been advocated by industry. ‘Among these are:

* Involvement of industry perssonel to help set

priorities and to inform planning based upon
market developments and general business plars.

* Cooperation with active industry R&D programs
: in relevant areas. .

* Desirability of exclusive licensing for
optimum exploitation of government-supported
R&D when appropriate. ’

i B * Exposure to industry needs in uhderlying
scientific and eingineering fields.

An important substantive issue surrounds the fact _
) . that, historically, government R&D activity evolved from S
. strictly public-sector areas. This set certain precedents '
C . for contract instruments, accountability of funds, and dis-
tinctions between grants and contracts. The gene;al -- and
perhaps unfortunate —-_thrust hbas been to treat federal

funding of even civilian-sector R&D as ”procurément“-rather
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than as assistance.26

It is not critical to review the details of these
issues here. Major reviews have been carried out by OTA and

OMB, among others.27

The important point to note is that
the issues are being approached by government agencies with
the intent of improving the conduct and transfer of R&D,

and to stimulate interactions with the private sector.

Thus, a fzrst optimistic conclusion from these inputs
?’is that, at a vpry broad level, respon51b1e personnel in the
‘?publlc and private sectors have a 51m11ar appreciation of

‘i the factors enter;ng into the process of techplcal change
léin industry. This is not a trivial asset in creating a

4:$§future system for the effective use of our total technical

rescurces.

: The allocation of federal R&D resources intended to
" benefit the civilian sector appears to require at least

:;ijtwo conditions: support within industry and understanding

”; within government. Both rely upon a corps of senior execu-

"tives who approach the issues in a professional and rational
manner. The existence of these indiv:duals in government
and industry is an important basis for improved effectiveness

in. future activities.

326, This view is also expressed in a report by the Offlce
i of Technology Assessment, Applications of Rs&D, :
Waskington, D.C., June, 1978.

27. The Federal Grant and Cooperative Agreement Act of 1977
mandated a comprehensive two-year program of federal
assistance to be conducted by the ffice of Management
"and Budget, Office of Federal Proc:irement Policy. For
part .of this review see OMB, Toward a Uniform Procure-
ment System, Washington, D.C., July, 1980. ‘
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III.. GOVERNMENT POLICY AND.TECHNICAL CHANGE: LESSONS

FROM HISTORY.

A.'V_Analyzing §5Complete Historical Record. -

A This chapter is an -attempt to summérize and iﬁtetpret '
the results of this study's principal analytic project: .
historiéai case studies of technical change. in seven'major
industrial se¢tors.l The studies themselves, aloﬁg'With a
more detailed analysis, are available separately as the

second volume of this report.z The studies describé -- in
_some cases in conéiderable'detail -- what fhe most important
government policies}haVe been, ﬁhe reasons ‘or those'policies,
ahd {albeit often in qualitative terms) how ﬁhose pelicies

have influenced technological change. -

» Most aﬁalytic attempts at understanding the implications
of governmént involvement in technical change --'including
thosé prefatory to launching new-govérnment programs to stim-
ulate such technical chahge in industry -- have tiied'tol.
bedin de gggg.'~5qmetimes they have attached themselvés to
6nerr another. economic theory feléting'R&D to.écbnomic growth;

often they have looked about for.industries potentially in

1. Tk> case studies and their authors are: .agriculture
(Robert Evenson); automobiles (Lawrence J. White);
commercial aviation (Pavid Mcwery and Nathan Rose€nberg): .
computers (Barbara Katz and. Almarin Phillips); housing -
{John Quigley); pharmaceuticals (Henry Grabowski and

John Vernon); and semicenductors. (Richard Levin).

2. Richard .R. Nelson, ed., Technical Change- in U.S.
Industry: A Cross-Industry Analysls, New York:
Center -for Science and Technology Policy,- 1981.
‘(Forthcoming. in 1982 from Pergamon Press.)
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- ’ 'éial technologies were felatively undifferentiated, and

need of a stimulus to innovation. But few studies have

recognized that government involvement in industrial innova-
tion is a process with a long hiétory, one rich in clues for
those who seek the path of successful government policy.

The imperatives of theory and history are always at
odds. Theory simplifies; history complicates. But a theory
disciplined by history is likely to be a robust one, one
attentive to idiosyncrasy and detail. The U.S. policy exper-
ience in industrial innovation -- as captured in our seven
industrial studies -- reveals a good deal of complex detail

demancing our attention.

»i.- A Brief Review.

From the beglnnlngs of the lndustry,.the federal govern-

fment has been a major stimulator and support of technological
%_dvance in aircraft. Military procurement has, at virtually
g;inll times, accounted for a significant fraction of total sales
;%gof the industry. Direct government support of R&D has taken
'é;several forms. During the heyday of NACA, covernpent funds
'fisupported R&D and testing relating to aircraft in general;

:during this time the generic aspects of military and commer-

advances in understanding or design principles relevant to
one usually were relevant to the other as well. Of course,
‘the government funded R&D on airframes and components intended

! - for specific military needs, although in many cases the com-

panies invested their own funds in hopes of winning a procure-

ment contract. Since World War II, government R&D monies

have gone largely into work with specific military applications

in mind. It has turned out tha*t a good portion of military

technology contxnues also to be appllcable to'civilian aviation,

"although recently these technologles have been drawing apart. §
@'
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The post-war era was also marked by a government attempt

to instigate and support the development of a commercial
supersonic transport -- an experience that ended as an

expensive abort. CAB regulation of the airlines, and the

- constraints on vertical integration imposed by the Airmail

. Act of 1934, also have been important influences on the

way civil aircraft technology has evolved.

. There has also been a strong military, and space,
ihterest in computer and semi-conductor tecchnology. 1In

éémi—conductors, most of the early work that laid the found-

_ations for the industry was privately financed. Government

é@D funding came later. By contrast, much of the early

~ié$ploratory research on computers was done under government
~?§é¢ntracts. Government procurement accounted for a large |
%ééércentage of the sales of both industries in the early days.
;éﬁﬁile, as the industries began to tap commercial markets,
?éovcrhment procurement and R&D funding came to play smaller
ﬂfﬁQles. the government market continues to be significant in

‘both industries. Public monies have continued to support

advanced education and university-based research relevant

to these industrics. Anti-trust considerations have played

"an important role in the evolution of both industries. Had

Bell Laboratories and Western Electric gone into commercial
production of semi-conductors, the industry likely would

have taken on a shape very different than it did. Anti-trust
cohtroversy seems to swirl continuously around IBM because
bffthé'dominaht.positionxit ha§ achieved iﬁ'the cohmetciéiu

computer market.

For many years, public funds have supported applied
and baslc research, higher_education/ and'extension services
for agriculture. Unlike the stiuation in the three industries
mcniioned above, in the case of agriculture tﬁere has béen no

major oublic procurement interest. However, the farmers of
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" the United States have formed a strong political constitu--

. ency demandlng, and to some extent guldlng, government R&D
support. The publlc R&D system has been operated - largely
through the agr1cultural colleges and experlmentatlon sta-
tions of the state universities.. DeCLSlon making in R&D
Aallocat10n>has been largely decentralized.to the individual
statlons, whlch depend on thelr state leglslatures for a

hefty portlon of their- fundlng.

.In pharmaceuticals, aslin agriculture, sighificant_
federal monies have gone into basic research, and into the
establishment and maintenance of programs to train scien-~
tists, However, federal funds fcr pharmaceutical applied
‘research and deveiopmemt have been fenced into the are of
"orphan<drugs9,for_which the commercial market is likely to -
be small. It is apparent that there exists a strong political
cohstituency for,Basic research fumding; at'the same time,
thefe.are strong political constraints against significant
federal'encroachment into thé proprietary domains staked
out by the pharmaceutical companies. Pharmaceuticals is
*also an Lndustry marked by a- compllcated regulatory regime
'that affects the cost of R&D significantly.

The automobile and residential construction industries. .
have: experienced neither significant fedefai'procﬁrement nor
'much federal R&D support for either basic or applied work.
Regulatory reglmes, however, have stroncly 1nfluenced techno—
logical advance in both ‘sectors. ‘Both sectors have seen
federal attempts to launch an R&D support pfog:am. But poli-
tical suppor£ for these has been weak; and where programs
were initiated they were not sustained. . ‘
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2. The Analvtic Problem..

How can lessons be drawn from the rich experience
described in the case studies and from other studies?
in.principle, we want to draw up a matrix. The rows would
delineate various policy instruments; the columns would
enumerate various industry characteristics; and the entries
would measure the feasibility and effectiveness of a policy
under a particular set of industry characteristics:

The task, so deflned remalns 1mp0551ble. Simply classi-
fyxng the policies and the relevant 1ndustry characteristics
is a challenging task; tracing cause-and-effect relationships
is extraordinarily difficult.

In general, a wide variety of p011c1es have impinged on
each economic sector and each pOllCV has been complex and

changing over time. In both aviation and agriculture, govern-

ment funds have gone into support of applied R&D; but the
programs and the objectives are very different in these two
cases. Regulation has meant different things in automobiles
and in pharmaceuticals. And there is no obvious “list" of
pclicy instfuments one can think of to define the rows.of the
matrix. Inaeed} simply describing and broadly characterizing
the various government policies employed is itself a compli-
cated and worthwhile research endeavof, ’

What are the industry characterlstlcs that determine
thg*fea51b;11ty and likely effectiveness of various policy
instruments (assuming these can be well described)? Whyi
has major government R&D support proved feasible and effective .
in aviation, but not in residential construction? The gues-
tion suggests that one .important industry characteristic is
the presence or absence of a well-defined procur=2ment interest.

Perhaps so; but government R&D support has been feasible and

2
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effective in agriculture. What differentiates agriculture

from housing? Simply identifying the key industry character-
istics that seem to explain these differences is a challeng-
ing analytical task. ’

Even if we could lay out the rows and columns in an
objective manner, causc-and-effect relationships are not

easy to discern; technological progress in ar. industry might

- be fast or slow and take the particular directions that it
::did for any of-a wide variety of reasons. Given the current -
f}state of knowledge, it is not possible to estimate a poiicy's
éfeffect with any precision. To what extent did public R&D
:imoney simply replace private R&D monies in the early days of
' ‘the computer industry? In aviation? Has public R&D support
-f}réally made a difference lately in semi-conductors? To what
~;%§extent has regulatlon deterred pharmaceutlcal 1rmovat:1c>n’>

These are very difficult questlons.

In short, it is very hard to teasc out from the histor-

":ical record clear-cut lessons that are applicable to future

' . policy decisions. But let's try anyway.

Much of what follows will obviously be judgmental. We

.will be presenting, in effect, a set of hypotheses about the

kinds of poiicies that are feasible and effective in various

contexts. While we believe they are consistent with the his-
torical record as revealed in the case studies -- and with

bther evidence ~- this theory, like any theory that fits a

‘fragment of evidence, may prove quite wrong in a number - of

. places or even .in a broad scope.

We are interested ultimately in understanding the
souirces of variation. Different policies have been applied
in different industries. Some have been smashing successes;
others have been ineffect.ve 6r Qdfse. However, in order to

sort ou:t the characteristics, reasons for, and effects of
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- small portion of the uncertainties. Some of the semi-

variation, it is important to get hold of the common elements.

There are several general character.stics of technological
édvance that are apparent in all the case studies. One is
the apparent inherent uncertainty involved in,technological
advance. A second is thé central, tut often myopi~ and
stroagly context~dependent, role of producers and cbnsumers

in the generation and screening of technological advance.

‘'Tha third is the important role played by néri-market elements

(as well as market ones) in the institutional structurc influ-

encing technological advance.

‘All of the case studies reveal that technological ad-
vance invelves considerable uncertainty. -When a person or
organization begins the quest for a new product or a process,
it is néver clear exactly what the precisé outcome will be.
Design configurations and solutions take shape only gradually;'sﬁ
and the ultimate success -- or failure -- of the quest is :
revealed unly after the fact. The uncertainties take on a
somewhat different form in each technology. Thus Grabcwski
and Vernon describe the hunt for a new pharmaceutical as,

literally, a search. Katz and Phillips discuss thé consider-

able uncertainty during'thc 1950s regarding which new techno-
logy was going to replace the old vacuum tube in computer '
design. Mowery and Rosenberg point out that, in the design

of civil ajrcraft, theoretical calculations resolve only a

conductor. companics placed their bets heavily: on integrated

ciccuits; others hung back.

Technological uncertainties are compounded by market
uncertainties -- which future technologies will be useful,

ard which wiil be bouyght at a profitable vnlume and price?

~Just as different individuals and R&D organizations - lay their

bets differentiy -about- which téchnbloqicdl'paths are the most

promising, so the2y tend to differ in their assessment of the
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market. A numbecr of companies that developed stroag tech-

hologicalAcapabilities for the design of computers failed to
anticipate aAlarge business market. IBM made a bet that
such a mariet existed at the same time that it acquired the
technological capabilities to cover the bet. The American
~automobile companies had little reason to believe that con-
. sumer derand would swing sharply towards swmaller more fuel
-eificient vehicles, brt it did.

P This, while the cdetails differ from industry to
>industty, in none of the cases do R&D and,follow-on ‘techno-
?iogical work appear to be activities that are "plannable"

ej;n ény neat and tidy sense. The unccrtainties seem to be

. .innate. From a social point of view, effective pursuit f

;technological advance seems to-call for the exploration of

ia wide variety of alternatives and the sclﬂctlve screenlng

‘of these after their character stics have been better

'diﬂreveaied ~-- a process that seems wasteful with the wonderful

. lvision of hindsight. As the supersonic transpori case indi-

*fcates, however, hlndalght may be much ctearer than foresigh=.

All of the case studies also reveal the central role of
" the producer-provider (usually private enterprise} or the
demander-user (who may be private‘or'pgblic) in che g=2nerating
and screening of technological advances. The producer. and
the user, each have certain informational and motivational
advantages over other parties, Producers, live with the pre-
valllnq process and ‘product tecnnology, and know things aboug
it -- 1its strcnqths, its weaknesses, certain potentialities
for change -- that people and organizat .ons without that ex-
perience cannot know. Users have similar special knowledge
about the products and services they employ. It is natural,
~and essential, that this special knowledge and immediate
motivation for impfovement play a central role in inducing
and guiding the innovation process. Moreover, in a market



setting it is users who ultimately will determine whether

a product will be demanded, and producers whether it will
be produced and how. - '

This said, it should be recognized.that the vision may
be narrow, and that motivation is- very context dcpendent

. Both the computer and semi-conductor case studles reveal

_companies reluctant to move away from technoloqles»wlth

which they Qere'familiér to try radically diffcrént.ones.

In the semi-conductor case, it is intereéting that hew com~
panies, net the old.tube producers,. were the key innovators.
_similarly,'USer-consumers, like p;oducers; fall into comfor-
table habits. Had IBM waited for potential users of business
computers to articulate a.clear-cut démand_for them before.
deciding that a markgt’iikely existed, the advent of the

computer age‘would'have been significantly delayed.

Tbe“motivation of the producer and user is strongly
.influenced by the details of the technologies involved, and
" by the barticular'institutional and‘lcgél setting. ;here
"is little gain for a for-profit ééed vendor to develop better
SGIf‘propagatinq seeds..'(It does pay the sged:vendor to
-develop better hybrld seeds- since the farmer has to go béék
to the source each year; he cannot create next year's seeds
“from this year's plants.) 1t was a'delicéte, and not- inevi=
table, legal decision thét.ruled that ahtibio£ics, although
natural substances, were patentable. While patents don't
carry much force in the "semi-conductor industry, and innova-
tions. are quickly imitated, the advantagus of a head-start
“are still s;gnlflcant enough that firms have motive to innovate.
Government regulation, much more than prressed consumer demand,
has pulled innovatiop'towafds safer and less environmentally
harﬁful automobile designs. CAB rggulation, in the form of '
_'constraints on air, farés, tilted airliné compeﬁition toward
'prov1d1ng more attractlve serv1ce, and stlmulatgd Lhe market

for - faster and more‘comtortable,plangs.A It was a gov;rnmental
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"as competition in research and develonment.

market,:not a private market, that made it profitable for

Texas Instruments and IBM to invest in semi-conductor and
computer R&D. Both building codes and fluctuations in the
demand for housing signi:icantly dampen incentives for

- innovation in building construction.

3

In sum, while prcducets and consumeré play central
roles in the innovation process -- and they should -- their
informational advantages may also be associated with myopié.
Their motivations are strongly influedced by special techno-
logical circumstances and the particular legal and institu-
tional setting and by public.as well as private -demands.

More generally, it is important to recognize that tech-
nological change involves non-market as well as market
eleménts. In all of the industry‘studies presented in.thé'
accompanving volume, there was a "pﬁblic interest," expressed -
throﬁgh public policies, in certain aépectS”of'the perfétﬁance

of the industries. There were eleménts of cooperation as well

_In aviation, computers, and in semi-conductors, there

was, for obvious reasons, a public interest in how thejfeﬁh—

- nologies and the industries evolved that transcended t

interest of particular private purchasers. or producers :
the products. In these cases, the public intecrest wésfmani-

fested in a governmental demand for goods and services .of (a

‘quite specialized variety and in policies associated with:

procurement.

. i
In the other four industries studied, thcore was no such

important procurement interest. However, a public interest
in certain aspects of industry performance shows up in other-
policies. In thé case of pharmaceuticals, automobiles, hous-
ing, "and agriculture (as well as aircraft) a public interes§
in safety, environmental protection, and in ensuring certai

K
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_pPolicies to constrain or supplement market mcchanisms pervade
the american economy. And the workings of these policies sigy-
-nificantly influence the environment for industrial innovation.

general standards was made manifest in regqulations.  Several

of these industries also are marked by various forms of

subsidy to producers or consumers., Citizens énd scholars
may divide on the merits and demerits of these regulations
and subsidies. But this makes it no less a fact that public .

Further, the RsD systems of most industries involve

-both competitive and cooperative elements, the latter often’

university-based. In all of the industries surveyed, for-
profﬁt firms creating and taking a proprietary interest in
certaln technologles are a large vart of the stcry. But in
all of the industries one can also . observe a system of R&D
cooperatlon and the e\change of technologlcal information.

In ‘some cases, governmeﬂt pOlle has played a large role in

~bu11d1ng and supporting this cooperative system; in other

caes, a smaller role.

"  With these commcn elements laid out, we can now explore
vthe differences in policie-, in industry characteristics, and
in ‘the apparent viability and =ffectiveness of policies,
révealed by our case studies. (In what follows, we also draw,
where appropriate, on other studies.) As stated at the outset,

one cannot directly lay out a matrix. But there are several

.alternatlve paths to follow. We could try to asgess what in-

dustrles are success stories in some sense and discuss the
policies and structures associated with these -- and then go
on to discuss the failures. We could also divide the indus-
tries according to some kind of structural characteristics.

It has proved more st“aightforward to try to classify policies
(1nstruments) and procbed to consider where they were and were
not employcd and whv, "and how effective they have been in var-

ious contexts.

A A
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3. A Road Map.

One rough division among instruments places those that
involve'direct"gdyernment funding of R&D in one category
and those that indirectly ‘influence R&D or other activities

involved in industrial innovation ih-anothe:; While this

‘division is plausible on its face, notice that the lines
between the categories are blurred, not. sharp. How does one

treat, for example, procurement contracts that cover the

cost of R&D incurred earlier by a company who anticipated

~the'subsequent contract? How does one treat-spccial.tax
" credits .for R&D? These probléems notwithstanding, we shali

'hazard sdéh a break.

The objective here will be to categorize meaningfully

‘the various kinds of government R&D support programs. revealed’

in our case studies -- to analyze thc rcasons for the signi-

ficant differences in such policies. acrOSS industries and to

‘make judgments as’ to which kinds of programs worked and which
didn't. Wc should dlStlngUlSh among four kinds of qov;rnment

R&D support programs:. (1) those asqoglated with public pro-
curement or other well- deflned publlc objectlve (2) thosc

that involve an extension of support of scientific basic

_research to support of research to advance generic tcchnolo-

gical knowledge: (3) programs that arcAalmed at mecting
reasonqbly well-defined clientclé demands;_andf(4) the
policy of .picking or supperting “winners" in commercial

competition.

In Section C beloQ,.we Will_édnsidef a wide range of
gdvernment'policies that do not involve'difeét R&D'§upport --
procurement regulétion both old style and ne@, anti-trust’
policy regarding patents -- to name only the central ones.

But'simply listing these as instruments covers up some funda-

mental problems. Regulation,.for example, has meant fundamen- RS

‘tally different things in different industries; the thrust of

-45-



- e - =

—— ——y =

“never has been able to mount a sustained R&D prooram rblevan*

antitrust policies also have been different; etc. Relatedly
~and equally_imporfantly, the central purpose of these policies
often has little to do with spurring or guiding industrial
innovation. There are serious questions as to whether they
should be regarded as promising instruments for that purpose,

1

“B. Government Support ol Research and Development.

The case studies reveal sj--nificant differences among
the industries in the extent and kind of federal R&D support.
The government has been an important source of both applied
and basic research funding in the evolution of aviation,
computer, and semi-conductor technologies. The government
has also- produhtlvely suppoxted both applied and basic res-
earch‘in:agrlculture. While the governmcnt has been an 1o

important supporter of basic rescarch relevant to pharmaceu

ticals, public funding of applied research and deveiopment -

has been mostly constrained to "orphan drugs." The goverhmeﬁt
to the housan and automobile industries.

It is not easy to measure the efficacy of the various.

government R&D support programs. In the three dcfénse—relat¢d5
industries, they certainly have bought us technological pri=::.
macy . Critics have argued both that much of the bought- »

'tcchnology has not been necessary for national security but

rather has inflamed the arms race, and that many of the R&D
programs have been inordinately expensive and wasteful. It

should be noted that contributions to the advance .c¢f civilian

’tcchnology made by defense and space programs, while not the focus

of our case studies, has been a “spiill over” and certainly not

the..principal. lntcnt ol these. programs. .fhe advance of civi- .
lian technology was the central purpose of thn governmont R&D
@

sunport programs in agriculture, anu of basic bio-medical
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research. The rate of return on the public investment in

R&D for agriculture undoubtedly has been very high. Quanti-
tative estimates are more difficult with respect to the

returns from suppert of bio-medical-researéh: however, this

too is generally regarded as a very successful_researéh
program. The case studies also‘reveal two expensive fiascos --

'j.the supersonic transport project and "Operation Breakthrough"

in the housing industry.

_ Hoﬁ~can one make intellectual order out cf this varied
exper1ence° It is important to distinguish among the follow-
1ng categorles of government R&D support programs. First,
R&D support aimed to achieve a well-defined government pur-
bbse -- such as the procurement of a new weapon system or
;fhe solution to the automobile emissions problem. Second,

’iiéﬁpport of basic or .generic research relevant to a particular

‘?%iééhnologv br’technologies and not pointed tonward achieving
-:%any particular proauct or procegs - sdch as feséarch on the'.
~:?nutr1tlona1 needs of wheat or. the properties of certain exotic
3mater1als. Third, support of applied research and development
tdh'produCts and processes that serve-civilian, not governmental,
burposes aﬁd'whose acceptance. depends in large part on market
calculations made by non-governmental ¢ "tors. This last cate-
'gbry ought to be further divided, perhaps, into programs in
which the‘potential users have a considerable influence on
allocation and program in which a government agency has rela-
tiVely free-handed control over the setting of goals and
prlorltles. Programs obv1ously dlffer 1n the range of lnduq-
-tvies for whlch they are polltlcally fea51ble and in theé kinds

of circumstances in which théy are likely to be effectlve.
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1. RsD Support Associated with Procureme.t Needs or

Other Well-uvefined Purposes. A o 5 .

In three of our case studies -- aviation, computers,
and semi-conductors -- there was a strong and recognized
governmental demand for the products produced by the industry,

- which led to a particular and focused publlc interest in

certain kinds of technologlcal advances. A recognlzed publlc
sector demand for certaln tyres of technologlcal lmprovcment S ;0
lends two lmportant features to the pollcy context. First, A
it means that the government (or the relevant government

agent) is in.a position to define technological targets

according to its own criteria and that it -has (or at least
- has the motlvatxon to have} some expertise about the techno-

Logles in questlon. Second, the recognx*ed governmental
need ‘lends 1cg1t1macy to government attempts to stimulate
and gulde,the evolutlon of the rclevant technologles. -

"One should note that public pxocurement docs not inevi-
tably lead to active publlc sector effort to mold or stxmulate
technologlcal advance The fedcral goxernment protureb typc-
writers, office calculators, automob;les, and a wxdc variety
of pxaducts that are identical (or virtually so) ‘with -those
purchafed by non—qovernmtntal users. In these cases, the -
federal government usually has chosen’ sxmply to act as an‘
informed shorver. Even in cases 1n whlch government demands
‘are somewhat special, the govcrnmont has not always stepped
in with a special'procurement contract fo;.tne creation of

‘a product tailored to its use or even Strongly‘advertised its

- special interest through an 1mp11c1t promise of procurement.

In the three 1nduqtr1es in qutstlon, however, the relevant
government agencies dellberately tried to induce the develop-
ment of products that were.suited for their purposes. The
vehicles employed included procurement contracts written so
as to.cover the R&D cost’s of the paxtlcular de51gn (a dis-

‘guised form of R&D support), direct R&D supuort assoc1ated



general arguments against it later in this section.

.partlcular klnds of technologlcal advances.

with a procurement contract, and support of basic and

generic research.

If public-secto: needs and private-sector needs differ
sharply, the procurement and applied research and develop- -
ment funding aspeots of such policies would not facilitate . h
the evolution of technology for the private sector. At
least three cases suggest, however, that government efforts
to advance technology for public sector purposes can also
enhance technological capabilities to meet private needs.

In the early days of these technologies, R&D aimed at a

‘governmental purpose almost always had some commercial spill-

over. As these technologies matured, the governmental

‘(military) market and the civilian market began to separate,

with the civilian market becoming increasingly important to

.certain companies. Government-financed applied research .and

development assocxated W1th publlc procurement became’ Jn—g;;

creasingly distinct in form from R&D finarced by the Companles o

themselves and ‘aimed at pxoducts in the c1v111an market.

At the present time, the principal impact of the govern-

ment on the evolution of a civilian technology 1n these

industries would appear to come via public . support of basxc:E

and generic research. This fall-off in "spill-over" has:

to proposals that the government consciously fund pro;ec_erg
that have likely civilian benefits. The supersonic transpOJt

ought to warn against this stra* -ay; and we shall present some

The lesson to draw from these cases is not"basically' : .
one about the efficacy of "spill-over."” The'lcsson‘is that
the government has the capability intelligently to fund ap-
plled research and development as well as basic and generic

rescarch when there is a well defined publlc 1nterest in
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Orphan drugs are another case in point. Here, as with

the examples of defense procurement, a government agency
stands ready to see that the fruits of R&D are employed.
There is a recoguized public commitment to try to cure or
relieve the'euffering of people with grave diseases. 1f

. hecessary, public monies will go into the procurement of
' whatever it takes to do this. Thus, orphan drugs are not,
“as it were, in the position of having to make it in a
_cenventional commercial market. As withvthe case of the

decision by the Department of Defense to procure a new

flghter {or as w1th the space program) one can argue abouL

how much tax money ought to go into the pursu1t of the ob-
]ectlve, and about whether the program is being conducted
efficiently. But there is little question about the political

g}ééitimacy of the program, or about the potential ability of
,iégyernment decision-makers. to marshal the information needed

to ‘make sensible R&D decisions.

Y

‘The. case of pollution abatement is similar in Ccontext,

E1f ‘not in policy. Since the middle 1960s, there has been a
ewell recognized public interest a%tached to the develooment
- of ‘technologies that are less polluting than those currently

'5eing employed. Some public'monies have gone into R&D on

pollution abatement. But the Clean Air Act of 1970 marked
a commitment to a strategy for achieving the objective that
minimized the government's direct role in funding Ré&D.

Rather, the strategy was to induce private funding of R&D

.Lhrough the imposition of regulatory requirements that could

be mct only by the development of new technologlea. White
and other scholars have argued that this has proved an lnef~
ficient and costly way of drawing forth the new technologies.
Given a recognized public commitment to their achievement,
the government certainly was in a position to fund R&D on
its own and to Orqéniée to gain the information needed to

make sensible R&D ailocation decisions.’
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The examples:that come from our case studies suggest
two things. First, there is a wide range of technologies

'aésociéted with public procurément'(or public subsidy of
certain kinds of private purchases oOr rcgulatlon) for which
particular technological "advances are recognized public ob-
jectives. Second, the- government has adopted -a wide variety
of strategies on the extent and kxnd 5f RsD it will support
'ln thesz areas. At one extreme, *he government has financed
the bulk of the relevant R&D; and at the other it, has stood
passively as a consumer. While assessment of this assertion
depends on a case-by-case evaluation, one could argue thdt,
“in many cases, the government has becn too passive, that the
" returns . to public funding of R&D- on publlc neLds would be
very high, and that indirect means to "pull® technology {as-
 through regulation) often are more costly and less efficient
than direct R&D support. Note that the argumont here is not
‘that the. qovernment support of such R&D would have 51gn1fzcant
"spill-over” beanl»S. It is simply that there are a large_
numbér of technologles for which thcre is an idenhtifiable
'publlc 1nterest in certain kinds of advances, and in many of .
.these cases federal R&D funds could be soent to yleld a high

sccial rate of return.

The efflcacy of ‘such proqrams dopends, howevcr oﬁ the
.ability of the relevant qovcrnment agencies to gether ‘the
appropriate information and make’ sensiblce R&D- allocatlon
decisions. Access to such 1nformat10n 1mp11es strong parti-
cipation by uscrs. R&D, support programs have to be designed
to‘achiéve this participation. The development‘of better
technologles for the provzslon of public . serv1ces -~ €.9.,
for mass . transport, garbage collecfxon, reoalrlng city
streets, etc. -- can potentlally vield a very h1gn ratglof
return on the publlc R&D dollar. However, mhen -- untike .
the Dcpartmgnt of Dafense -- the Department of Transportation
or the Department of Housing and Urbun Detclopment make R&D
allocatlon decisions, they are not usual]y maklng ‘them regard- .

1ng 1tems ‘that they themselves w111 procure. The p:lnc;pdl
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a particdlar technology, certain constraints apba;f'on the

"gquo within an industry, may be questioned and such programs

users will be state and local governments. Similarly,

public financing of the R&D required by the environmental
and safety goals may yield high social returns and avoid

- the high private costs and tangled relations that come

from the current regulatory strategies. However, the new

' technologies will ultimately be employed by pri ite firms,

not federal agencies. The institutional machinery needed

to spend such public R&D monies efficiently will have to be
different from that of the Department of Defense or NASA.
Perhaps the pluralistic decentralized siructure of the
government's agricultural R&D support programs would provide
a better model. -

2. Support of Basic and Generic Research.

Absent a recognized public.interest in .he .. -olution of . ..

government's ability to fund R&D. 1In the first ; ace, a

governmept agency has no particular claim to be able to de*
mine R&D priorities, and may be blocked rrqm access to the
information necessary to do so. Sécond, the legitimacy of

pdbiicly financed R&D programs, which may upset the status -

blocked politically. These constraints are particularly

.’binding with respect to applied R&D aiming to achieve parti-g;;

cular new products and processes. They appear to be much

less conflnlng for Oubllc support of basic and generic

'rcsearch a ste3 or’ two away from speblflc appllcatlon.

- Qur case studies show the government actively involved
in supportc of such research not cnly in the three industries
in which there was a strong. procurement interest -- aViat‘on.
computers, and semi-conductcrs -- but also in agrlculture and

the scxentlflc fields relating to phdlmaccutlcal developments.

4



The aborted Cooperative Automotive Research Program repre-

sented'an'attempt to extend this type of oublic program to
the automobile industry.

To understand the nature and importance of these
public programs, it is important to recognize that tech-
nological knowledge inevitably involves a public as well
as a proprietary component. The public part of technological
. knowledge generally does not relate to the design or opera-
.tional deta}ls of a particular product or process but to
'ﬁbroad design concepts, general working characteristics of
'iprocesses,vproperties of materials that are used, testing
‘techniques, etc. Most of such knowledge is not patentable.
'iMuch of it 1is 6penly shared among scientists and engineers
';working in the field, whether they are located at universities,

} ;government laboratories, or corporate laboratories.

The kind of'reSéarch'ﬁhat’leads tc such knowledge is '

: hot generally the sort that an academic scholar,. pursu.ng

. fashionable questions in a standurd scientific field, woula

: i;éxplore. Rather, the research questions are posed by

" ‘technological precblems and opportunities, and the objective

“:is to enharnce that understarding and the capability to solve
1praética1 problems. In some industri:s, proéressive private
‘companies themselves support some of this type of research.
While some secrecy is involved, it 1is recognized thact the
findings from this type of research ought to flow into the
bublic domain. Such a research system fits in kotween more
-fundamentél,researchvdefined by *raditional sciences, and
ﬁhe appliea research and- developnient of the firms iﬁ the
industry. To be effective, the syétcm has to make good con-
tact with both sides but avoid too much overlap and duplication.
In the judgment of Evenson and other scholars. the ag-

ricultural sciences have in general managed to define . their
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_ the National Institutes of Health -- the principal support

operated by tha resecarch communities themselves. However,

niche arproorlately The researcn they do lies in betwe
the basic academic sciences like chemistry and blology on

one side, and the reseazch that goes on in public experi-
mentation stations and private companies on'the other side,
tc develop better see..: or fertilizers,.étc. Both sides
influence the kind of research that is done and monsitor
quaiity and efficacy. The bio-medical research community

is a similar svstem. It too is pullpd £rom one side by the
interests of practitioners (phys1c1an>) and nrlvate companies
in having practical problems illuminated, and is disciplined
from the other side by scientists in the more basic sciences.
It is interesting that both the agricultural sciences and

the bio-medical sciences tend to £ind their home in universi-
ties -- but in professional schuols rather -than in colleges

.of arts and sciences.

.The government p rov1do the bulA of support for these

two research communities. The allocatlon of research re-

sources, however, .is guided only loosely by government. agenc1es.A

The Department of Agriculture, the state legislatures, and

agencies -- leave the details of allocation. to machinery

in political deliberations about the level of funding and:
broad research strategies, the focus is very much on the

practical benefits that have flowed from the programs and;'

tke practical problems tha* tuture research oromises to

resolve.

Mowery and Rosenberg remark that the old NACA did not
sponscx much in the way of basic researcn. In the pulling
and tqulnq to be applied and relevant on the onn hand and .
to be rigorous and scientific on the other, the‘ﬁxrst kind
of pull clearly was ‘significantlv stronger than the second
during-the '20s and '30s. This well may reflect the fact




that NACA, unlike the agricultural experimentatidn4stations

.and the medical schools, was a free-standing organizational
entity not affiliated with a university or universities.
_Nonetheless, NACA undertook many experiments and studies
that were relevant to aviation techncloqy in general, ratﬁer
" “than conceatrating on particular aircraft designs that were
‘being cohtemplated or were on the drawing board. 1In thrt
'isense,‘NACA'certainly did support geneéric resédrch and,
fﬁistory téstifies, to strong positive effoct. The rol«IOf
léNACA diminished after World Waf II. In the poét—war era,
{ﬁhe armed services increasingly funded their principal
fontractors to do the kind of research that NACA used to do.
: No sharplyiseparate generic reéearch programs marck the
-computer and semi- conductor industries. While sometihes
s bpocxal government - agenc1cs were involved (for example,
wé‘thu AdvanCcd_R¢Search Projects Agency of DOD), government
:Jlfunds for generic research for these tzchnoiogics -- as in
: 3§§iatioh after World War II -=- have flowed to companies and
;tb the universities. But this resecrch support has beon‘

very impbrtant. Funds contlnuo to bc SLgnJLxcant.

The aborted experience in CARP suggest that government
programs in support of basic and generic rescarch can be
acceptablg in virtually any -industry, thouqgh the specific
conditions must be discussed with all concerned. Companics
dé?nét perceive such programs as posirg fharp threats to
thelr commercial positions, or the thr - = { perceilived ave
seen as diffuse and not readi]y ident. J'e s dangerous
to any particular portion of the industry. Such proprietary
knowledge is not needed to guia. . . cotion; machanisms ean
be established to allocate resources sensibly. However, this
must be done without. dlsruptlon .to planned prlvate rcs;arch

if it is to be supportlve.
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The key question - is the efflcacy of such programs.

In the 1ndustry studies we have conducted the verdict is
positive. .where private companies suppoOrt little generic
research, the case for public suppcrt seems specially

"strong. Where private companies support such research,

the case for public funding is diminished, but certainly
not eliminated. Thus in the computer industry and . in

.seml-conductors, where the companies themselves do . engage

in significant funding of generlc research there is.
advocacy of, not opposition to, government funding of research
at universities. (There is, »f course, a risk that'publ;c
funds  in such cases largely replace priQate funds rather
than ‘adding to them.)

Perhaps, then, programs like the Cooperatlve Automotive

‘Research Program (CARP) and the Cooperat1Ve Generic Techno-

logy Program (COGENT) proposed durlnq ‘the Carter admlnls;raf
tion,3r are not entirely- mlsgulded in concept. "Generic"
research programs might well be. an appropllate tOplC of
discussion durlng the next resurgence of concern within

pollcy 01rc1es ‘for boostlng 1ndustr1al lnnovatlon.

3. Support of 'Clientele-Oriented Applicd Research.

Public support of basic and generic research does not

reguire program officers to- form jhdg@ents about which par-

”ticular'technological7developments'would be most valuable.

Rather, the objecrlve is to. enhance understandlng of rela-

tively basic principles or to cxplor" certain potentxdlly

widely applicable technological routes. -Furthermore, this

kind of research seldom poses an immediate perceived threat

3. Cf. Chapter IV below. "
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to the proprietary interests of particular groups or firms.

In contrést, government programs of support of applied
research and development for an industry whose products are
evaluated largely on commercial markets requires a mechanism
for making commercial judgments and may provide som2 signi-

ficant perceived threats to particular firms.

! : ' ‘ The case of public support of applied research and
development for agriculture indicates that, even with these
constraints, a feasible government program may be effective.
It is interesting to consider which aspects of the industry,
and the program, have permitted an effective program.

In the first place, farming is an atomlstlc 1ndustry,
and farmers are not in rivalrous competition WLLh each
other. Differential access to certain kinds of technologlcal

knowlecge, or propcrty rights in certain tcchnologlcs,bare

]
N ~ U0 ‘not important to individual farmers. This fact at once means i
) : : [

that farmers have little incentive to engage in  R&D oh'theiér

own behalf and opens the possibility that the-farming commu-

nity itself would provide a political COﬂStlLUOan for publi

suppo*t of R&D

' SRS The federal/state agricultural experimentation system,
f established under the Hatch and subsequent acts, marshalled:
!- h that support and put the farmers in a position of cvaluatlng
: and influencing the publicly funded applied R&D. The sys tom'
is hidhly decentralized. The reégional nature of aqucultural

technoloyy means that farmers in. individual stqtcs see it to

i

i their advantage that their particular technologies be advanced
as rapidly as possible. Where private companies are funding

A significant amounts of innovative work and the industry is

R A ~ reasonably competitive, it is in the interest of the farmers,

- as well as the companies, that.public R&D money bé,allocated

to other things.. As Evenson describes it, a reasonably well-
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defined division of labor has emerged between publicly

runded and privately funded applied research.

Evenson - and cther historians of technical change in
agriculture have arqgued that the applied research and

development efforts of the experimentation stations did not

- yield particularly high rates of return until a body of more

scientific and technologlcal understandlng was devecloped.

‘It}was'tﬁis combination of an evolving set of ‘agricultural

sciences based in the universities ard suppcrted. publicly,
aﬁa applied research and development also publicly funded
buﬁ monitored politically by the farming community, that has
méde_pgblic support of agricultural technology as successful
_éséit has been. | ' .

Can the expnrlcnce in agrlculturu be dupllcatcd clse-

:where It is apparent that man" peoplL have seen housan

jand agrlculturu as quite 51m31ar.' Henry Wallace, who earlier

:served as Roosavelt's Secretary of Agriculture, clearly drew

‘the analogy when, after the war, he tried (and failed) as

Secretary of Commerce to initiate a major program of federal

qunding of building research. The cfforts to revive that

idéa under the Kennedy administration also were explicitly
based on the agricultural analogy. The analogy was also
drawn in "Operation Breakthrough." 1t is obwvious that there

areimportant differences.

"In the first place, while the building industry is
atomistic, constructicn markets are local and therefore
builders are, to some extent, in rivalrous compietition with
one another. However; since individual builders possess

little in the way of propfietary knowlecdge, this was not a

‘particularly important obstacle. What was more important

was that suppliers of inputs and equipment to builders pfo-

duce different, and rivalrous, products. Direct government
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"support. of applied‘research.and developmenﬁ was viewed_bv

many of them as potentially threateninyg. Had the builders

' of houses formed a- strong constituency. for government

support of R&D, these resistances of 1nput~supp11ers might

have been overcome. However, no such constituency developed.

‘Unlike the case in agriculture where furmers saw it to
"their competitive advantage (as a group) to have their

technolcgies advanced relative to the tcchnolégies.employed
by farmers in other regions, builders apparently saw no such
advantages for them.

Nor did there exist in housing, as there came to exist
in‘égricultdre! a scientific community that couldipoint per-
:suasively to promising ‘areas for}epplied reseafch'and develep—
ment. Residential construction lacks a broad scientific base"

from which to-hount applied résearch and development endeavor.

“Thus "agriculture-had both a-constituency interested in.
getting- applled research and dcvelopmcnt relevant to thclr

needs undertaken and, ultlmately at Ieast, a sound sc1fnt1£1c

,bas;b.beneath its technologies.- Res1dent;ql construction has-

'neither. One may conjecture that programs in support of

rL51dert1a1 construction technology will not be polltlcally'
feasible unt11 the clientele is established to support and
guard them, and will not be cffect1v; in the abscnce of some

sort of underlying sc1ent1f1c base.

"It probably i§~;he_case{.tnerefofe, that the agricultural

model of bublic suppdrﬁ of applied'R&D iq not readily extend-

ible to many other industries. There may be a few, however,

" to which such a proqram is appelcablc. Aqaln, the key ingred-
. ients would appear to be (1) a group of users of a technology
‘who are not in rivalrous competition witn each other, but‘who,:
together, have a 51gn1f1cant 1ntcrest 1n thtlnq their techno~iﬁ

logies advanced and (2) a sc1ent1f1c base sfrong enouah that



applied research and development can be fruitful. One’

might also note that these are the conditions under which -
- one might think of establishing industry "cooperative" '

' ;research ana development laboratories. Indeed, the agricul-
. tural experimentation_ stations might be regarded as just
that -- except for one important difference. Much of the
policy discussions about cooperative research and develop-
ment has presumed that public funds.shduld account for only
a smail portion of total R&D monies, and. that. the industry'
should contribute the bulk of the funds save for, perhaps,
the first few years of the program. Under such terms,- it
has proved hard to get much cooierative R&D underway and
sustained. The aqgricultural case suggests that the require-
ment for industry financing may be a mistake. In industries

like agriculture -- where such programs are plausible, prices -

tend to follow costs. The returns to.suctessful R&D go '
léfgely to consumers, not to producers4 The.difficultyAwiﬁh'Eﬂ
“extendiné'the agricultural“model 1s not that the public at
large would not benefit, but that the conditions under which

this model is applicable would appear to be rather special:

4. Government-Guided ﬁgplied R&D with Commercial Ends.

. In Operation Breakthrough and the Supersonic Transport

Project, the government got itself into the business of

trying to identify or develop products that would sell well
on complek commercial markets. 1In Operation-Breaktthugh,
the. Department of Housing and- Urban Development was neither
itself a major builder of houses nor a buyer of non-subsidized
housing. It thus did not have any particular expertise for
judging what types of designs would be most promising, let
alone which. would likely sell or rent. Thus it was easy for
the Department -- énd Congress ~-- to lose track of. the objec-

tives as the program was debated politically. Similarly, the
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-pléted product as well as the R&D on it.

FAA was not in the business of building, or procuring,

commercial airlines. The commercial airlines were singu-
larly -discouraginq when asked about their interest in a
supersonic transport. The aircraft pfoduéers showed no

particular interest in designing and building such a vehicle
until the subsidies grew very large. '

Very few of the héusing designs'created through Opera-

- tion Breakthrough proved viable commercially, nor did they
 serve as a significant basis for follow-up design work. The
iibritish/French éxperience with their supersonic tfén;port
-findicates how fortunate the United States was that the prog-
”fam was stopped before it resulted in’a téchﬁologically
'although not commercially) viable aircraft.

The lesson here is not particular to these two cases;

4 'it is a general one: - There are many other studied cases,
::Ehost of these European, in which the government has tried
'{iio identify and support particular products they hoped
‘i;wOuld‘ultimately prove to be commercial successes. While
:iéﬁhéfé were a few successes, the katting average has been
:erry low except where the government in question has been

:willing to Subsidizq or require the procurement of, the com-

4

This should not be surprising. In many of the indus-

tries in which this has been attempted (in Europe), the

‘private companies also were investing 1in R&D, and the

- government was in a position either of duplicating private

éffort; subsidizing that effort and probably therefore

4. Sece, generally, K. Pavitt and W. Walker, "Government .
policies Toward Industrial Innovation:'A Review,"
Research Policy, Vol. 5, No. 1, January, 1976.
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replacing private R&D monies; or investing in a design

that the private companies had decided to leave alone. In
the last case, it might be argued, there is a legitimate
public role in suppoxtlng work on designs that are a gener-
ation ahead of those that the companles themselves are

eéxploring. However, as the supersonic transport and a -

number of otherflike examples indicares, the sensible way

- to érplore the next generation of technolcaies is throuQH

- doing generlc research bulldlng and studylng prototypes,

etc. The appropriate research program 1s one modeled after

NACA, not one modecled after the supersonic transpor;‘prOJect.

If the United States were.to_drop.its anti-trust laws,
and the objective of preserving intra-U.S. competition that
those laws are supposed to embody, then it might be p0551ble

to mount a DOllCY to “help industry search for w1nnersr

-In various of the European countries -~ and Japan -~ compe- f

tition is viewed not so much in-terms of rivalry among

"domestic companies but in terms of competition from abroad

~In these c1rcumstances, ‘it is possible for a govcrnment to

work with 1ndustry as a- whole, and to part1c1p1fc in laylng.
the bets, and in d1v1d1nq of the market. As the law exists

“in the Unlted States, much - f the information needed to

guide a government program -to help industry find and support

"winners" is proprietary, not shared among firms, and not

accessrble to a governnental body. The experlence of the

Curopean governments in trying to plck ‘winners 1nd1cates

- the costs of these American constrainte are not" severe; con-

‘straints are looser in Europe- and thb‘rccord of public policies

to help 1ndustry 1dent1fy and support wrnners 'is not encour-
aging. The experience in Japan. may or may ‘not be different. .
As the present time not enough is knowntabout what the Japanese
actually do to make a judgment on this. In any case, modes

of governmernt-industry cooperation in Japan are so radically

‘different from those in ‘the United States that it is doubtful
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the effeéts. 'Thé same kinds of analyticél challengyes face -

- us in. this section, which is concerned with a variety of

-meant  very different things in the various industries

we can learn much of use to us from the Japanese

-experience.

It is a shame that so much of the discussion about

government . support of industrial R&D in the United States
"has swirled around the question: should the government try

to pick winners? The evidence from our case studies answers
that question with a resounding no. However, the exparience
a'so shows that there are many other potentially fruitful

ways that the government can support industrial research and

development.

C. Policy Affecfiqg the Climate for Private R&D.

Much of the préceding section was spent disentangling
various kinds of government R&D support, attempting to '
identify the reasons why such support has taken different -

form in. different industries, and hazarding guesses as to

government policies that have influenced the climate for
private R&D and innovation but which do not involve direct

gdvernmental support of R&D. Regulation, for example, has

studiéd.

The fact that the policies considered here do not

involve. direct R&D support may not be the most important

difference between these policies and those considered 'in
the preceding section. The policies discussed above were
obv.ously intended to influence technological advance.
However, many of the policies considered here were put in
place for quite other purposes. It is not cleér whether, or
to what extent, they reélistica}ly can be regarded as instru-
ments that might be consciously employéd to influence

innovation.
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Put another way, the problem is this. Virtually
every policy of government influences the climai= for

innovation 1a some way, in greater or lesser degree.

For only a few is the influence on innovation a major
factor considered in design -and implementation of the
policies. Which policies should be considered explicitly
here? Presumably those whose ‘nfluence 1s significant and
whose design might be improvec through evidence about the

~ policy's impact on innovation. Unfortunately, evidence of
" magnitude of impact is hard to come by. Therefore, the

focus must, and should, be on policies widely regarded --
whether correctly or not -- as having a significant effect
and as subject to modification to make that effect more

posxtlve or less negative. Since the case studies contain

1relatively rich material on them, we shall focus 6n four

such classes of pollcy procurement, regulatlon, anti-
trust- and patent and other pollc1es affecting’ Dropert3

rlghts on 1nventlons. And we conolude this section by

- dlscusqlng why it may not be particularly fruitful toc view

‘most of these instruments as capable of playing a pcwerlu)

LOle in policy packages designed for the expreqs purpose
of stimulating industrial innovation.

1. - Procurement.

In undertaking its many and varied activities, the
fedcral government buys a wide ranqo of productb. If one
also considers the state and local government activities
that the federal government helps to finance -- not to men~

tion the regulatory and other objectives of government --

‘it becomes clear that the government 1is a direct or indirect

purchaser of virtually everything. But the range of products
for which the government has actlvely and conscxously at-

tempted to spur tochnologxcal advances to enable 1t to
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achieve its objectives more effectively or in a less costly

‘manner is actually quite limited. .We argued above that

there miéht be a high payoff to extending the range of such
products c0n51derab1y Such an extension would enhance the

-capability of government to meet acceptcd public sector noeds,

while -at the. same time contrlbutlng to the advance of techno-

~logies for products sold and bought on commercial markets.

As_the case'studies show, there are a number of ways

in which the'government‘cah attempt to draw‘forth technolo-.

gical~advénces. At one extreme, it can itself undertake or

~contract for virtually all of. the R&D in the areé. At the

other extreme, it can adverflse its interest in products

with certain characterlstlcs, and entlce and support prlvatc

'R&D efforts through its procurement pOllCleS, with only

11m1ted dlrect publlc fundlng of R&D

_Much has bsen said about the role of'governheht‘ih
"makihgha_market" for certain klnds of technologlcal ad-

vances -- usually w1th the 1m011c1t assumptlon that thls

‘is,é kind of policy very dlfferent from ‘that of governmtnt

R&D support for -the work leading to those advances. - - In
fact, the distinction ‘is actually quite a fuzzy -one. When-

ever the government tries to "make a market" for a new

“technology, 1t.inevitably and appropriatély wili be drawn

into some R&D support. Conversely, government R&D support
of public-sector technologies doés not make sense in the

absence of aggressive procurement~oolicies which, in turn,

.will almost 1nev1tab1y induce tertaln prlvately financed

cfforts. In short, maklng a market" for tcchnologxcal
advances and R&D funding to fac111tate those-advances are
closely tied together, with thc mix of R&D inducement and
RED support a matter.of tactics not“étrategy.v Aggressive
procurement is one aspect of a policy designed to draw forth
better technologleu that have both public-sector and non—-
qovernmentJJ appllcatlons. such procurement pol:c1es are
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_consequences for technological advance.

a complement -- not a substitute -- for government R&D

support policies in such areas.

C 2. Regulation.

&

"If the reader approaches this study with any strong,
simple ideas of the effect of regulation on technological
change in industry, a reading of the case studies may quickly
disabuse him of these. The studies reveal how diverse regqu-
lation is and how complex and subtle its influences sometimes

are.

The automobile 1ndustry and, to a lesser ‘extent,
re51dent1a1 construction reveal what has been called "néw
style regulatlon at work. (Aa the hou51ng example testifies,
new style reguiatlon is not so new.) Regqulation here amounted
to the imposition of certain requlrements on the products
produced or the. technology employed with the objective of
assuring certain standards of quality, or saféty,_or.protect
ing the environment, etc. However,_regulation,hasAhad guite

different purposes in the two cases, and has had differenrt

In the housing case, regulation has been conservative.

Building codes and standards have stuck pretty close to

prevailing techniques and materials, or simple modifications: o

thereof. Far from being aimed at drawing forth new mater-

ials ‘and methods, hou51ng regulation has trled to. monltor

and screen these and, in fact, has made Q1gn1f1cant inno-

vation expensive if not downright impossible. In contrast,
regulation in the automobiles case has been used aggressively

to pull forth new teéhnologies. When the regulations‘were

. imposed, it was well understood that prevailing technologies

could not meet the standards. One can argue. about whether
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regulation was the most appropriate or efrficient method to

pull forth the desired innovations. White and other scholars
believe that the route has been inefficient and expensive.
Although this regulation strategy may have led the government
to neglect direct R&D funding,>it is certainly not the case
that regulation has deterred innovation.’

Prharmaceutical regulation.is something clse again.
Ofiginally concerned with maintaining purity standards and
saféty, in the 1960s regulation began to try to assure effi-
caéy as well and to constrain and menitor the séfety of the
'R&ﬁiprocess itself. There are very real gquestions about
whéther the post-1960s regulatory envirbnment has actually
1ncrbased the efficacy »f the new drugs that reach. the
;market or guarded the safety of .patients and experimental . A

ub)ects to any 31gn1f1cant1y enhanced degree. As Grabowski
. and Vernc.: argua, it is ‘not easy to pin cown and separate
:the effect of U.S. “harmaceutxﬁal regulation on the fiow of
ncw pharnaceutlcals into the cornucopia. It is clear, how-
over, that regulaticn has significantly. increased R&D costs,
and delayed the 1ntroductlon of new drugs compared to the
’daLc -of intr cdnction in countries w1th different regulatory

‘regimes.

The effects of new-stvle requlation show up less
strikinqu in the other industry studies. However, environ-
mental and safety revulation has in recent vears come to
play a significant role in 1nf;uenc1nq the fertilizers and
) pustlpldcs that farmers are allowed to use and, relatedly,

the tests and hurdles a new agricultural substance must ovér-
come before it can be introduced to the market. No study of
-the effect of such regulations on the fldw of fertilizers

and pesticides rompara“le to the studies of the effects of
rgculatlons on the intr oduction of new. pharmaceuticals has

ever been made.
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..Utlllty regulatio ifles innovation; this most emphati- -

‘regulacion of air transport was a desircbhie policy from a

control on routcs._ ile the new xeglne of aircraft compe-

in our case studies, civil aviation appears as the

~industry most strorgly irfluenced by what has been ca11edA

“old styie" public utility regulation'—Q regulation aimed

at constraining prices and requiring certain standards of
service delivery. 1n this particular case, the airlines,
whilz regulated, were in rivalrous competition with each
other. -Further,‘the industry doing'mQSt of the relevant

R&D -- the airframe industry -- was not regulated. The.
consequenceé of regulation undoubtedly was to spur innovation.

As his been the case in other rgguiatgd but riVa;Lohs
industries -- for example, railroads -- tegulation in the
aircraft industry must be understood as setting floors under
prices as well as establishing ceilings, 1In the airline

case, the result was that, since rate competition was blocked

on lucrative competitive runs, the airlines' competitiVenesct

spllled over lnto the pLOVldlng oL better servxceq and aeato
on more attracti‘re aircraft. The ronsequcnce was that the:
airlines pirovided a thong, indeed eager, me rket for n~v '

aircraft. It. bab been often argued that old style publlc

cally was not the casc here. This is not to argue that the

social peoint of view or ever that the stimulus provided !
ragulation for the development of transport aircraft was

socially desirable. It simply is to warn against the siug.i =

minded notion that rcgulatibn generally dotprq all klnoq ufzjf

innovation.

Ir . ow of the diversity of regulatinn and its impact,
aerejutation or reculatory reform means different things in
dszetont industries. Tor the airlines, it has meant the

abandonment nf rat cq xlétion and the relaxation of CAR

tltlon may provide stzonq demand for new alrcraft, it is
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hard to arque that the demand will be any stronger than

it was under the old regulated régime, although the pattern-
of domand may be different. Airline deregulation is part
and parcel of the deregulation movement for industries
which, in the past, have been treated as public atilities

despite the fact that their structure permitted consider-.

_able competition.

Reform of onvironmental and safety regulation involves

a differont set dﬁ‘isshes7and strategies. There is a move-

~ﬁhent nowadays to create regulatioh-setting machinery that
:will consider costs as well as benefits; toward using pér-
(formance standards rather than_prescribing phrti:ular
ffechnoloqies: and (in some cases) toward the use of fees or

‘markcetable licenses rather than gquantitative restrictions.

wwh a reformed regulatory regime would quite likely provide
:avttey, Uf not necessarily a stronger, environment for the

qencevatis f technological advances that respect environ-

coomental oand safce’ ) values.  However, what is needed here is

"ihbrc sophis®icated regulation, not "deregulation." JUnfor-
‘iihna;uly, much’ of tho apparent thrust toward modification of
“"new style" regulation is toward abandonment raiher than

Croeform.,

roru the pharmaceutical industry, requiatory reform
laragely means simplifying and speeding up the evaluation

vrocadures for new drugs. Grabowski and Vernon argue the

ccurrent requlatory regime has significantly retarded and

increased the cost of pharmaceutical innovation in the

Unlted sStates, and that the most effective available vehicle

for spurring ilnnovation 1is regulatory reform. However, of
the industries studied in this report, pharmaceuticals

probably is unique in this respect. |
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3. Anti-trust.

Just = wlth regulatlon, many peOple carry around in
their heads an over- blmpllfled and dlstortcd view of what
~anti-trust hd: meant for technologlcal advance. The case

studxes reveal qulte compllcated and Varled storlcs.

The phliarma.- utxca1 and aufomobllc 1nthLflOS hav" becn
"traditional’ targgtb of anti-trust prosecutlon.. Ucunllv,
however, the anti-trust cases have not involved 1nnovqtlon,
or RdD,odirectly, but rather havevbéen COncernca with such
olo?fashioned‘matters as price‘fiXiné or other "oonsgiracies
in'tﬁe restraint of. trade." 1In the phafmaceutical ihdustry,f‘
a ‘few of these have lnvolved'patent 11CLna1ng and other rela-’

ted issues. However, nelther the Grabowski and Vernon gthdy,“

. nor other studies of the phaxmaceutloal industry, have

arqgued that anti-trust has had mhch of an influence on

innovation in the industry, one way or another.

In thé automobile industry, it is quite possibl¢ that
concern about anti~trust action has deterred Géneral Motors
from being as aggressive technologically as it miaht have
been. On.a few occasxonc anti-trust has touchad direc tly.
on issues Lolatlng to RsD and tochnoloQchl advancoe.  The
restrictions on patent pooling and on ce rtaxn forms of co-
operative R&D were noted in White's .casce stud;. Thc:lawyers
for the automobile company certainiy had miqqivincs about
what the anti- ‘trust lel‘lOn would do. 1‘ thoey 101n‘d the
proposed Cooperative Automotlve RLoLarCh Proqram. However,
present anti-trust guidelines, whlch.pcrmyt.cooporutivc RaD
if the results-are not treated as proprietary, would appedr
to leave room for programs of this sort and for wmost fruitfhl
kinds of government-industry cooperhtive programs -- wvrovided,
of course, that the iﬁdustry is pefsuadcd‘thnt such auidelines

aré a suitable guarantce of future Justice BRepartnicnt behavior.



_proposed include some that would significantly limit the

‘freedom of action of IBM regarding R&D and innovation.

The computer industry is an interesting case for think-

ing through certain conundrums about anti-trust and industrial
innovation. The history presented in the:.case study stops

at just'about the time that IBN achieved the dominance which
it now has maintained for close to twenty years. As Katz

and Phillips sho&, IBM was successful in part because it

quessed rlght technologically and in part because it Judged

_the market correctly. Other scholars have remarked that its

previous dominance in the punch-card calculator business gave
'IBM a special advantage in the sale of computers to business
users. Scholars and lawyers may argue whether it was techno-
logical leadership, shrewda judging cf the market, effective
markéting, taking advantage of old ties, or behavior subject-
to prosecﬁtion under the anti-trust laws that have enabied

IBM to preserve its domirance in large scale civilian compu—

ters. Nonetheless, the ant1 trust cases havc involved, 'in

an CSSLhtlB’ way, Lomplalnts about the way IBM gous abou*'

designing and. introducing new computers, and the remedies

Thc case studlgc revcal at least twe btrlklng 1nstances

whore anti-trust and other structural policies preserve

created a competitive market structure with apparent sa
tary effects on industrial innovation. Although some sc%glérs
maintain that AT&T had no interest in going into pLoductlon
for sale of transistors anyhow, the 1956 consent decrcugﬁ'

legally forcclosed that optlon._ The evolution of the scﬁi—

condnctor 1ndu¢try might have been different had AT&T dLClde.

to get into the cqmmercxal market. One might also note ‘that
the consent decree, while most visible in our semi-conductor
étudy, stopped AT&T from going intc any commercial market not
direcfly connected witn the telephone service. The cvolution

of the commercial computer industry might have been signifi-
cantly different-absent the restraints on Bell Labs and West g
49
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- on ATs&T.

Electric.. As this report is written, Congress and the

Administration are debating proposals to relax constraints
5 o _

A secoha éxample of government p01iciés that influenced

‘an industry's structure in a way that had a profound effect

. on technologi¢a1 advarce is the revised Airmail Act of 1934,

This Act broke up vertical integration among‘airlines{,air~
line manufacturers, and engine manufacturers, and left a
mQre open and competitive structure. ‘Again, it is difficult
Eé judge what would have happened if the industfy‘had ré-

mainéd vertically integrated, but it is hard to imagine that

- technological advance would have beenfany‘fas;cr than it was.

~Patent and Related Policies.

How about public policies that affect. patenting and,

“ﬁbre generally, the ability of the company to appropriate
Eft:l:f\e’returns to an invention it makes? Again, the -picture

©is mixed and complex. .

In the pharmaceuﬁical industry, it_is apparent that

the ability to patent a new drug is virtually essential

"if that drug is to be profitable for the company that creatcs

it. Indeed, the whole history of the pharmacceutical industry

-woﬁld likely have been different had the courts ruled that

antibiotics, as natural substances, cculd not be patented.

However, in pharmaceuticals the question of the effective

duration of a proprictary market hinges not only on patent
life but on the decisions of physicians and pharmacists and
on laws impinging on these de;isibns (e.g., regarding whether
to prescribe and give out a "generic" or brand-name drug
when. the  former is availablé)( ~Arguments against generic

5. See, for example, Ernest Holsendolph, "Senate Passes

AT&T Decontrol,” The New York Times, October 8, 1981,
p. A-1l. C '
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prescription.are, in ‘effect, arguments that protection

- provided by a patent ought to ektend:beyond its legal limit.
- Of course, the effective life of a patent in the pharmaceut-

ical industry‘depends'oh the relatibnéhip'between the date
of patentlng and the date of commercial 1ntroductlon of the
product. The testlng and llcenSLng requ1rements mean that
there is often a very conslde:able sag: between patent -

application and commerciaiization. Returns to 1nvent10n in

the pharmaceutical industry clearly depend on a wider set of

-varlables than the strength of tht patents.

-For many of the other industries. studied "legal proF'
tection of propr 1etary rights seems to be less important

than in pharmaceutlcalo. " Key patents have played a role in

- the evolution of mechanical machlnery in agriculture, and in .

inducing new chemical compounds like fertilizers and pesti-
cides. However, while hybriqs wereAjudged*patentable, it
is not apparent that a pdtent*adds-m@ch to the prbtection a
seed cdmpany'has:for its”particular'hybrid.-:A pbtential

‘competitor cannot really discern the eXact nature of that

crossing that led to the particular hybrid ‘seed. 1In this
‘case the patent may be a minor rather than a major element

Tinc ‘assuring appropllablllty

In semi-conductors, while firms patent .their new '

devices, thesc patents do not have much force. Sometimes

- producers of new devices are able to hide their design from

potential compctitors by "potting." But in this induastry

imitation is generally quick. Indééd, the ins.stence of

"government and other purchasers of seni-conductors on "sccond

sourcing” requires in cffect that a firm's new design be pro-

- duced by another firm as well as-the innovator. The profits

to a successful innovator in this industry would appear to

reside largely in the .head start that provides a short period

“during which the innovating firm is'thé‘SOIGVSupplier and an,f1.-
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5. General Purpose Instruments, Morc Generally.

-material to extend the list of government p011C1es that ir

ability to move down the learning curve before other firms .

get into production.

" With a few interesting exceptions, patents appear not

to have played a particularly important rxole in inducing,

or making profitable, innovation in automobiles of éiﬁii
aircraft. Indeed, in both industries there has bcen a
tradition of relatively easy patent licensing, or even-
patent pboliﬁg The reason for the lack of: interest: in a
particular patent would appear to be that automoblles and .
aircraft are complex systems, and that pdrt‘cu]ar patentable
components .do not really play much of a role in determining -

the attractiveness of the overall system. It is the general

‘overall engineering of the product that counts, and that is

not réadily patentable. = Much the same situation seems to
apply in computers. While patent suits marked the early
history of the industry, IBM's prominent position does not

rest on its patent holdings.

1t would bo easy to draw on the case studies and othcr

fluence the climate for industrial innovation. Some of thesq
policies are broad in scope, although their influence dlffer5

from industry to industry. While the influence of the ta\

code 1is pervasive, particular features, like the Lreatmcng;

of capltal gains, appear to be partlculally important to
certain 1ndust11es. Thus it has becn argued that the. hlghcr
taxation of capital gains that came with the tax bills of the
early '70s had an especially strong negative effect on funds
to finance innovation in the semi-conductor indusﬁry. It is
unlikely that these stat'te changes had a comparable effect
on aviation. While monetary bolicy is cross-cutting, our -

*
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partlcular monetary 1nqt1tut10ns segregate the hou51ng

industry and make ‘that 1ndustry bear. . the brunt of the

economic fluctuations to a great extent. Some policies

~are aimed at particular industries. Spe01a1 price support

programs certainly have influenced technologlcal advance
in agxlculture.u The trade agreement with Japan regard‘n~
the 1mportat10n of telev151on sets espec1ally affected the

1 U.S. ‘semi- conductor industry. One could go on. However,

o 1i£_our(search is forginstruments that ‘can be considered .
‘powerful toole;for a policy tO'stimulate industrial innova—

}tion; such extended llstlng and . analy51s ‘is‘not likely to

ibe fruitful. The*e are several reasons.

1

‘ First, the broad pollc1es in’ questlon have been. put 1n

~fplace for a variety of reasons. Arguments about thelr
teffect on industrial innovation will carry only limited’

vgﬁweight in influencing the debate about their reform. This

s not to say that such arguments have no influence. A

‘tax credit for R&D was proposed by several groups as an

aportant instrument to spur innovation,  and such a tax’

:-ﬁoredit was part of the recent Reagan tax modification package.
“‘But an ‘R&D tax credit was only a small part-of that bill,
and it is unlikely that the particular proposal would have .-

been heeded had there not been a general thrust toward tax

reductions of various kinds.

Second, the broad policies in question often differ in

‘the particulars of their application from sector to sector.

Therefore, it is virtually impossible to_identify any general
nules for reform of any of these instruments for the purpose
of spurring industrial innovation. Rather, the most salient
proposals would appear to be industry-epecific -- for example,

particular reforms of pharmaceutical regulation.

Third, while undoubtedly in some cases there is a trade-

off between stimulus of industrial innovdtion and other policy
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'objectivesf'our~perusai of the case studies suaqests'that{

in most instances, the reforms that make sense as a stlmulus
to the right kind of 1nnovatlon makes sense in terms of more
general crlterla as well. Thus, while regulatory reform is

Anot a broad panacea for- stlmulatlng faster or better-

directed technologlcal advance, the klnds of reforms that'
scholars long have proposed on grounds of general economlc'
eff1c1ency for - pharmaceut1ca1 rtguYatlon and auto emlsslons

lcontrol probably would affect rnnovatlon in the rlght dlrec-

tion. Our case studles reveal a few 1nstarces whcre antl—‘

trust may be acting as a restraint on certain types of

“industrial innovation, but they certa:nly provide no general
’1nd1ctment of anti- trust polidy on these- grounds.‘.The antl—l

trust issues 1nvolved in the sults agalnst 'IBM or AT&T are' _
complicated. As.a general rule, however, it does not appear

that anti-trust is hobbllng 1nnovatlon b] bu51ness. Simi-"

larly, ‘there appears to be no general maglc in reForm of the

patent law or in the patent pollcles of partlcular government

'agen01es that und ‘R&D. o A ' .

‘Let us not be'misunderstood.-'it may well-be that estab-

‘lishment of a generally supportive climate for industrial

R&D is the most 1mportant thlng the ~government can do to
fac111tate 1ndustr1a1 innovation. We would put partlcular

stress on the importance.of strong aggregate demand, rela-

tively stable demand growth, and predictable prices.

When business conditions are good, and incomes and

_ demand are growing rapidly and predictably, ‘business firms

can anticipate an expanded market and make their anCStant
and R&D plans accordlngly When demand ‘is stagnant -- or
uncertain -- investment in new plant and equipment is '
deterred, and RsD aimed.toAtap new markets may Jlook like a

very 'risky proposition, Of the industries studied in this

~-76-



e v e 4+ T R

T

"y

report, hou51ng is the one - that is most notlceably influ-

enced by chanq1ng macroeconom1c condltlons. Qulgley and
others have argued that the cyclical seneltivitylofAresideh-A

t1a1 construction is .an 1mportant factor explalnlng the

.structure of the industry and-the limited incentives for

1nnovat10n,a55001ated with 1nvestment”1n durable equipment.

However, Virtually all industry is subject to some cyclical

'influences. The demand of farmers for new agricultural
" implemernts .is cyclically sensitive. A non-trivial proportion
. of the demard for semiééonductors is cyclically sensitive.

Economic slumps. hurt the airlines, dlmlnlsh their ability

‘and 1ncent1ve to invest in new equipment, and reduce returns

.to the deSLgn ahcvdevelopment of new aircraft.

However, even 1f there were no nffects on 1nnovat10n,
it would be the ob]ectlve of macroeconomlc pollcy to achleve
a sustalned.groweh, hlgh employment, steady,prlees. " As with
regulatory and anti-trust policy, the objective of stimulhf.”

tlng innovation carries no partlcular 1mpllcat10ns for f1 eal'

and monetary p011c1cs.

It seems to be like this in general. AIf the specifid
interest is in stimulating innovation, it is a mistake to

look largely to general-purpose policies. The design of-

them can be influenced only marginally by cencerns about
innovation, and often concern for innovation does not p01nL
o departures from policies that are sensible on more gcncral
grounds. If "innovation" policy is to have any meanlng,‘

search for one must be focused on more specialized instruments.

-77-



O DRI BN Pt e s

(ERRT A

S e e rae o e T o B, A Salrraay. 34 o ¢

D. A Brief Summing Up.

In thenpreceding Seetion;:we'identified a wide }aﬁgé-"
of government pol*c;os that deflned the .climate _1nf1tenccd

incentives for, and 1mposed constralnts on lnduatrlal

?;research and- development.‘ In v1rtually alY of our case
' studies, one or more of these government policies was an’

:‘l_important'part'of the story. However, the most important -

such polltles differed from- industry to industry. ‘While it
1s aoparent that a number of spec1f1c reforms mlght have

SLgnlfltant beneflts, the case qtudles -do not seem to reveal
any general and powerful gu1de11nes for regulatory or anti-

. trust or patent pollcy reform.ﬂ‘If a serlous mandate re-

emerges to £1nd and xmplement government p011c1es that w111

51gn1F1cant1y spur 1ndustr1al 1nnovatlon, debate should try .

:ito:av01d the understandable temptatlon to. 1look to mOdlf1Cd-
-{tlons in these general instruments to. do the trick. There.
iglsn t much leverage there. Moreover, the kinds of 1mprove~
~;ments'1n macrOtconomlc and other policies that make most
;sense for stlmulatlng the right kind of innovation make good

_sense in terms of other crlterla ‘as well

If government must look specifically for policies'that

may have a significant stimulating effect on industrial

innovation, the place to look is in the bag of R&D support
policies. This chapter has not attempted to give a general
rationale or justification for active government support of
R&D nor to draw up fine theoretical argquments to guide such
policies. A decade or so ago, economists had much clearer
andimore pointed theoretical views about these matters. The
externalities from R&D and the uncertainties involved led,
according to the theoretical perspective prominent at that
time, to a divergence betwcen the quantity of R&D expenditure

that firms would find most profitable and the quantity that
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- was optimal from a soc1a1" p01nt of v1ew. The flrms would

spendﬂtootlittle.> Publlc support. or sub51dy therefore was

”warrented”andlought to be focused on those klnds of ‘R&D and

- on those 1ndustr1es where the’ _externalities and the uncer— e

ta1nt1es were the greatest. Subaequent theoretical work

ihas led economlsts to draw a more compllcated plcture. _A

' competltlve reglme in which flrms gain property rlghts on

certaln of thelr technologles draws forth some R&D that 1s

» socially wasteful Major technological uncertainties call

for a varlety of approaches w1th open knowledge of routes

'_belng explored and what 1s belng found along the way, and -

not .a blg oush along one partlcular road _TheAproblemywlth:j;

.market 1nduced-1ndustr1a1 R&D allocatlon lies ihlthe oort4

.folio --'the allocatlon of resources == ratherztheh in a
total magnltude of effort."' ‘

But'if the problem is not simplyloherecterizabie ac
'"toorlittle" researoh and development, the design of
approoriate government policies‘requires mechanrsmsvto
identify thevparticular kinds of;researchivand sometimes
theiparticular-projects, thatvare being'under:funded.f ’
Therein.lies the problem. Government agencies are seriously:
constrgined in the information they are able to marshal

directly or lndlrectly to gu1de the a110tatlon of publlt ;
R&D monies. '

"The-histOrical experience,canvassed in this~study sug-

gests that there are three routes that can be followed.

One is to associate government. R&D support with: procurement
or another well-defined public objective. A second is to

define and fund arenas of non-proprietary research and allow

" the appropriate scientific community to guide R&D allocation;

The thlrd is to develop mechanisms whereby potential users

gu1de the allocatlon or"applled research and developmcnt
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; funds. A fourth kind of policy, in which government
officials try themselves to identify the kinds of projects
: that are likely to be winners in a commercial market compe-
47l,, '-tltlon, is, seductlve -~ but the evidence collected in thls
) : ‘ volume and other studies suggests that it is a strategy to

&

o be avoided. } o .

i‘ S ' These are qualitative judgments drawn from qualitative -
and. impressionistic case studies. While we can provide ‘
some,reaSOning to make them plausible, we can provide no
tidy and powerful _general theoretlcal justlflcatlon for
them. - Perhaps-tne lesson hat economlsts ‘should draw from -

thelr earller attempts to base prescrlptzon for government

RV R I

. R&D pollcy on theoretical arguments is that thla 1s a. .
dangerous game. Economic reality is too complicated to be

fit well by any simple theory. More complicated theories

3
) generally point in differenc poti-y directions, depending
on the gquantitative magnitu L +in key parameters.
The design of good ¢’ oonds o Loed emnirical rescarch
g - + . ’
and not simply on - CotLear teasuning.
b ' S " There are (w0 major weaknesses with the cvideonce
rovided in thi, study supportlio; the 4uuve Proposiitliouns
Y I3 3 ks Py
‘abcut policios First, the cvidenc . msr L, raely from
studies of o s dedastrres. oo oaud, Loe evideace is
qualitative ond juwdgmens o o0 guantitative and readily
' verifiabio.
b
b o This first wearnoss 1s 1ot as serious as it might seem, i

although this study would have been enriched had covorage

been wider. There are available a number of other industry

studies, some of the United States, some of Europe. There

are also several across-the-board evaluations of government

solicies in support of industrial innovation, particularly
I P Y
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policies of European countries. The conclusions drawn in

this chapter were influenced not only by the case studies

but also by this other avidence, and are concistent by &nd

“large with both bodies of data.

The second veakness is more serious. One can try to

avoid having to base conclusions laréely on gualitative

. and impressionistic evidence by constructing formal mecdels
f{and hypotheses and.éstimating and testing‘théSeA'ith statis-
iltics. To some extent this.kind'of work has been dcae for
"agriculture. But such quantitative conclusioﬁs are no bettex
',:than the models and the data on which they are based, and

‘:these contain large elements of the subjective and judgmental.

We are more concerned about the ‘a:th that lay persc.s.

épolicy makers, and even scholars often show in quantitative
‘conclusions drawn from shaky models and data than ahout
?éonclusions that are explicitly qualitative and judgmental.
-Ef%when our knowledge is stronger, when we understand things
‘%§§weil enough to have confidence in the basic form of the

B _ . . L]
- models we write down, when we have data that are more con-

formable with our operating models than they now are, then

- quantitative studies can play a greater role. We would

argue, however, that, at the present time, the most promisinc

route towards such stronger knowledge 1s to pursue case

studies of the sort reviewed here and the kind of qualit: ni.vz,

- judgmental analysis developed in this chapter.
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"IV.  RECENT FEDERAL INITIATIVES IN CIVILIAN SECTOR.

The last chapter examined the history of t.~hnic"i
change in U.S. industry and tried to draw f*om that hxstory
lessons for governiment policy. Thie chapter looks at the more
recent history of seyerel pdlicy initiatives for“boostlng
civilian technology -- with an eye toward analyzing these -
programs in light of the lessons from our c;seﬁstudies;

~ We focus primarily on three programs proposed or acti&e
.under the Carter adminiStration:--_thé'Cooeeratiye Generic
Tachnology Program (COGFNT); the-Cooperative Automotive Research
Program (CARP); and the industrial energy .. productivity -

_ program in the Department of Energy- (DOE) -- that have been
eliminated under the ‘new admlnlstratxon.l, We also discuss
more brxefly some Nat10na1 SC1ence Foundation effnrtg that

remsin in. operatlon.

Each'of these programs has features the reader of the
-last chapter will find familiar; there are a few novel features‘
as well. Evaluation in any strong form 1s dx‘fxcult (even for '

the DCE_ program which, unlike the other two, was a functioning, .-

and not'merely an incipient, program); ‘but we hope'to be.. able,
novetheless, to draw a few tentative conc1u51ons alonq the way,

. ekeut the programs and their effectxveness.

‘ . The dxscu551ons of the programs presented here -~ their
hlstory, ob)ect1ves, ratlonale, and’ methods -- are based prl-
macily ‘on publxshed reports. But our analys1s has- also been

e et

1..' Oon the Reagan administration view of poiiey toward civilian-

.sector R&D -- and on the demise of COGENT in particular --

see Arlen J. Large, "A 'Monument' Industry Innovation Law |,

Crumbles Under Reagan Admlnxstratloﬁ," The . Wall Street
Journal, July 15, 1981, p. 34. . .

_éz- - . .
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informed by interviews with both federal officials and ; ]
 1ndustry representatives, whose ideas and views were aired a
during three meetings we held with senior executives from all - A
phases of the ReD anterprise. The first meeting (on November
30, 1979) looked :ic government officials involved in civilian-
sector R&D; the second meeting ;»n February 22, 1980) sought
~primarily tﬁe industry perspective. The third meeting --
significantly, on October 29, 1980 -- brought the twod groups BN
together. Thgt meetihq's format consisted of presentation
by senior federal officials of five progréms of government
1nvoivement in civilian-sector R&D. An audience that includnd
many executives from the private sector provided comments

. mmm m—

. and raised questions.

The Cooperative Generic Technoloqy Program .

L COGENT was an outgrowth of assistant Commerce Secretary

_ bé}uch's 1979 Domestic Policy Review on innovation. The p:ogram
Qag'announced on October 31, 1979, as part of what was des- '
c?ibed_alliteratively as the “President's.Industriai.lnnovationv-

. Initiatives."”

Like their precursors in earlier administrations,2 the

- Carter initiatives -- and COGENT in particular -- were intended
as (an at least partial) cure for a "lag" in U.S. technological

innovation -- and, by implication, for various macroeconomic

problems. “Incfeased-indus;rial and technological innovation,"
as Congress. found and declared in the legislation authorizing
COGENT, "would reduce trade deficits, stabilize the dollar,

PV AP
.

2. C7. Section II.A. above.
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increase productivity gainsg, increase employmentland stabi-
lize prices.”

The key feature of this program, of course, was its
focus on “generic"” technologies. As such, COGENT arguably
repregented an intellectual advance over earlier schemes to
boost_innovation,

. The program's operating requlations suggest cautiously
that government involvement in qeneric technologies is indicatgd
whenever cboperation within the private sector alone is “inap-
prdpriate"}é- and the Ccngressional committee report is explicit
that "'generic research,' like basic research, is not likely
to attract fundxng from individual firms because they cannot

w5

capture the benef1ts directly. Yet, an 1nterest in the

g;nerxc"3 = in technologies that cut across and might prove

-fundamental to several industries -~ suggests a somewhat richer
uqde;standxng_of the process of -technological change than is
implied. iﬁ host externality arguments. Innovation is not

simply 1 watter of mechanically pumping 'sufficient" or "ade-
’quate" amounts of R&D. fundxng into an exzstlng firm or industry
and expectxng it promptly to produce a proper level of producti-
vity growth. Technical change ;s in fact an immensely compli-

cated process in which technologies connect together in often

3. S. 1250, 96th Congress, 2nd Session, Section 2, Paragraph 6.
Called ‘the Stevenson-Wydler Technology Innovation Act of .
1980 -- and now zero-funded under the Reagan administra-
tion -- this bill gave the Congressional stamp of approval
to COGENT, even though the Carter administration had planned
" to go forward with some form of generic technology program
anyway under existing legislative authority. :

4. COGENT Regulations, 15CFR17a, published in the Federal
Register, vol. 45, no. 159, August 14, 1980, p. 54029.

5. U.5. Senate, Commiﬁteé on Commerce, Science and
. Transportation, report no. 96-781, May 15, 1980, p. 8.
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unexpected ways and in whichlfirms -- and entire industries --
occasionaily appear and disappear.

In particular. advances rave often been most dramatzc
when} 1n a kind of space-warp across tha industrial structure,
a technology developed in one industry suddenly becomes appli=-
cable to a previously unsuspected wider range of industries.
This is often called "technological convergence§“§ .

B A progtam of generic research, under th;s xnterpretatxon,
is an attempt to antxcxpate and cash in on such convergence.
The government, therefore, is not engaged in the business
1of "picking winners" -- whether firms, 1ndu5tr1es, or prOJ’CtS

thhxn an 1ndustry -- in-a specxfxc or adetailed way. O£ course,

the government must somehow pick "generic winners," and tnis
-may not be as easy as squeeted by COGENT program documents,
_which assert with a confidence bordering on epiétemological
“hubris that "a study of generxc tecnnologlee can: 1dent1fy _
latent technologles yet to be invented {or those which are

in use in one: 1ndustry but are candxdates for applxcatlon in
other 1ndustr1es) or promlslng new 1ndustr1eb whlch do not yet

“exlst wlo

Selectxng generlc technologles was in fact ‘the flrst
step in the COGENT process. The Commerce Department engaged
the Industrial Research Instltute Research Corporatlon, an

industry group, to study nine potential areas of generic =

6. See'Nathan Rosenberg, Perspectives on Technology,:
Cambridge: Cambridge University Press, 1976.

7. U.S. Department of Commerce, Office of Cooperatxve
" Technology, "Cooperative Technology Program Key to
Industrial Innovation," Rev;sed Draft, January 24,
1980, p. 2.
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teéhnology.8 The group was charged specifically with f

- determining not only the technical and economic benefits
likely from pursuing each technology but also the willingness

[ ORE R)

of industry to cooperate in each area. Based partly on this
' report, the Commerce Department at the time of COGENT's demise
had settled on -- and was beginning to set up projects on -- T 3
‘three areas: powder metallurqgy, welding, and friction (or
"tribology"); two other areas under consideration were

artificial intelligence and something called "near net-shaped
9
"

processing.

e

The institutional structure of COGENT was to have been
built around "Generic Technology Centers." Each center was
to have been an independent entity which, although perhaps o
aff111ated with a unlver51ty or other institution, would none- Q

theless have required its own charter and by-laws as a non-

' proﬁ;t.corporatlon. Industrial firms who wished to partlclpate
in»fhéiresearch were to become members of the center; each
firm‘ﬁbuld send a representative to the center's board of
.governors, and each would be assessed -dues according to a
formula conqlderlng such factors as the member's size and

;he dlrectness of its interest in the research.

8. Industrial Research Institute Research Corporation,
"Cooperative Technology Program: Evaluation of Nine
Candidate Areas for Iadustry Participation and Support,"
Revised Version, December 10, 1979. The nine original
areas- studied were: automated watch manufacturing;
composite materials; welding and joining; tekxtiles;
‘powder metallurgy; organic coatings; semi-conductors; -
radiation processing; and corrosion. Of these, only o /
powder metallurgy and welding were in COGENT plans at
the time of the program's demise.

‘9. Comments by Lan51ng Felker, assistant dxrector of COGENT,
at our October 29, 1980, meeting.
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The principal function of a Center was to have been
the performance of "in-house™ generic R&D. The program
regulations are insistent that'most'qf.the research h2 con-
ducted "in-house" in ordér "to take advantage of cumulative

n10  1he research

research and problem-solving expertise.
agenda for a Center would have been set by its board of
governors, with an expectation that the projects chosen be
relevant to the Center's generic technology and promise results
- significantly outweighing costs.
Centers were to haQe,other functions as well. Oné of

these'was'ﬁhe provision of technical services, comprising
vcbnsultingzservices{ information systems and data library
services{ﬁtraining; and "technology evaluation" to monitor
.proqzess;ih the generic technology. (The pfogram reguiations
,emphasizéfthat~the consultation services must "complemént"
and noti?bmpete with private consultiné services; it's far
from clééf’Vhat‘this'Would -- or should -- have meant in
practicé:): A center was also to maintain a "strategic
planniné?%capability to guide the progress of its tesearch
"magenda; e - , o

VOné interesting provision of the prdgram regulations
stipulated that Center membership "may not be conditioned
upon adherence to agreements which ur.xeasonably restrain-
trade."ll - This was interpreted to mean that firms could
not be reqdired to sign, as a condition of Center membership,
agreements restricting them in their use of technical,informa- 
tion -- or patents -- developed at the Center; in their use
of technology developed elsewhere; or in the research'they
themselves conduct outside the Center. The regulations also

provided that the Center dissemirate its findings to members

-10. - COGENT Regulations, , D. 54029.

Op. Cit.
11. COGENT Regulations, Op. Cit., p. 54031. (15CFR 17a8(b)
- S (2)(iii).) ' o ' | :
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‘at reasonable cost without disciimination;‘and they left.
the matter of dissemination to'non-mehbers up to the discretion
of the Center's board, with a proviso that "no significant

anticompetitive result ensue from such‘decision's.“12

COGENT plans called for a mix of éovernmentfand industry
"funding. The firet-year budget was to haveAbeen $5 million.
Planne:s viewed this contribution as "seed money," though,
and anticipated phasing out government support within five
yedt;, thus requiring'Each Center to beeome self-sustainihg'
oh_members' dues, contract research, and consultation revenues.

Although the program woﬁld'héye had in the end to stand
o:,ﬁall on empirical grounds, the program's design had much
to recommend it on theoretical grounds. ' ' ‘

* .The.notion of keeping COGENT centers independent
of universities might have had thé effect of =
establishing a healthy tension between the basic
and applied. (Cf. the case of the NACA research
center in the .early aeronautics industry, as well.

" as the system of  sequestering agricultural- and.
medical research in professicnal schools outside
mainline. university research departments.’)

*.  The idea of requiring most research at a COGENT
center :o0 he conducted "in-house" ~- thus helping
to develop a "memory" for the generic technology --:
is consistent with the (desirableé) objective of
developing a strong scientific base in the field.

. * . The system of center membership by interested

* © firms and the guidance of research by a board .
‘of directors representing those members suggests
a structure that, despite initial resistance; might
ultimately have led to a successful worklﬂg rela-
tionship with the prlvate sector.

Whether COGENT would have been effective ~-- let alone deslrable -

is probably not a questlon whose answer could be kncwn in

12, Ibid (i's CFR 17a.8(b) (2) (v).).
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advance of actually trying out the program. Of all the les-
sohu:to be learned from the agricultural example, perhaps

the most important is tnat a successful institutional ‘structure

comes ‘about through a slow process of adaptation, aligning
the interests of the various groups one with another. There

- is a suggestion in the COGENT planning documents that program

planners were aware of thls. Many of the oarameters most
crucial to the outcome of this adaptation process =- notably

- the proprietary structure and patent policies of the Centers -~

" were left unspecified in the regulations.

In other areas, it is less clear that COGENT learned
éllgthe lessons of history. For example, there is no a

'Eribri reason to suspect that the "externality" prchlems

COGENT was supposed to correct would have cleared up in time
for a Center to . become self- sustalnlng after five years. The
agrlculture example suggests that continued governmenL funding

'méy be a key to success; and the NACA example suggests that,

were the . "externallty" to be conquered, it mlght 1nstantly
obv1ate the ex1stence of the CNGENT Centers.

"Bf:' The Cooperative Automotive Research Program,

‘The auto industry in recent years has become embliematic
of the sort of industrial "lag that mot1vatos programs for
boosting civilian- techno;ogy “In December, 1978, a time

‘when the prob,;ns in the American car industry were very much -

on the public mind, then-Transportation Seeretary Brock Adams
suggested at a much-publicized news conference that the

governument ought to enter into a massive effort to "re-invent

‘the car."

What emerged from the resulting furor ih Washington and

Detroit was CARP, 'a program whereby industry and government

-89~
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would jointly fund basic research on automotive-related
technologies.

The Carter administration held a conference in February,
. 1979, attended by some 700 scientists and engineers, to talk
about ditections'fOr basic automotive research. Then, in May,
1979, Carter met at the White House with the heads of the
domestic car companies to discuss the principles of what be-
came CARP. "

~ Under CARP -- which has'been entirely dismantled by the
new admlnxstratlon -- the government and the car makers would
have ]Olntly funded research projects in twelve general areas:
combustxon, thermal, and fiuid sc1ences, structural mechanics;
‘ electrochemxstry, aerodynamlcs, materials; control systems°

tribology; . acoustics; surface science and catalys;s, environ-

.mental scxence, biomedical science; -and behav:.oral scieice.
The adminisération ‘had worked up a lengthy research agenda in
each area based on advisory reports from a team of 1ndustxy,

13
»unlver51ty, and government scientists, >~ .

'CARvaés to be a "50/50 sharing arrangement.f But it~ T

would not have involved joint or cooperative research in a
literal sense. Auto companies were independently to fund basic
research projects, which could take place "in-house," in uni-
versity labs,Aor in government facilities as each'company saw
fit. For all such pro;ects deemed “countable" by.a CARP 4
Over51ght Committee (in light of the aforementioned twelve'
categories), the government would have funded -- 2qually
independently -- a matching amount of research whose type and
location would have been at government discretion. Program

13. This report was published in The Congressional Recorgd,
‘Senat2, Septimber, 1980, pp.S12813-S12834.
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planners descrlbed the approach as "decentralized" and
wld . .

"plurallstxc.

The $12 million slated for the first year of -operation
" had 1ncluded ro contribution from the private sector, but pro-
gram planners had hoped to “"ramp up" to $100 mllllen per vear
in three to five years, with half of that coning from the

15

domestic auto makers. Each manufacturer was to have been

ascessed an azmount in proportion to its market-share. -

The Department of Transportatlon'was to have Lezn the
lead agency'for CARP, ‘allocating 60 percent of. the qovernment
research iunds, the Natlonal Science Foundation was to have
contro] of the renalnlng 40 percent.

hs of November} 1980, four domestlc auto makers - _
Ford Chrysler, Amer1c°n Motors, and Volkswagen of Amerlca --'
had agreed to part1c1pate. General Motors was somewhat recalf
c1trant.‘ Slnce a CA?P w1thout GM would ‘have been a b1t like °

‘Hamle# without the Prlnce, thls created problems from the start.

GM's reasons for discontent are. unclear, but seemed to 1nvolve
uncertainty about antitrust *mpllcatlons and akept1c1sm about
the program s abll1ty to nllocate technical reSOches
"cffectlvely. It was equelly unclear as to,whether GM's hold-
out was intended merely to maximize its influence on the'ehape
of a program it expectmd ultimately to accede to ~- a strategy
perhaps 1nvolv1ng the- susp1c1on that Jlmmy Carter would not
long remain in office -- or whether GM had no 1ntent10ns of
ever signing on.

14. See, e.g.. testimony of Philip M. Smith, Associate
Director of the President's . Office of Science and

. Technology . Policy, before the Senate Subcommittee on
‘€c1exce, Technology and Space, Aprll 30, 1980, p 5

~15.° Op. Clt., p.-12.
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'As was the case with COCENT, the Justice Department

and the Federal Trade Commission gave their assurances that
participation in CARP would not plunge a firm into anti-
trust difficulties.16 Patent provisions for the fruits

of CARP-sponsored research were never fully worked out,
although the basic research character of the program made
‘these concerns somewhat less bressing. CARP planners articu-
lated the principle of w1de and open dzssemlnatlon of results

to ‘all interested parties subject to the approprlate patent
provisions." w17

Although also aimed at "generic" technologies in some
sense, :CARP was a program with far less institutional detail
than CQGENT. Indeed, it seems to harken back to earlier
approéches'to stimulating jndustry through R&D, implicitly
suggest1ng that the problem in the car 1noustry stems from
an " 1nsuff1c1ent” level of basic research by car firms. Ex~

cept for specifying a review board to pass on. research projects,
~ the de51gn of CARP was- almoot stud1ous]y non-1nst1tut10na1 1n'

character, and one mxght almost be. forgiven for applying to
CARP the uncharitable cliché& that it intended merely to "throw
money_at the problem."”

" Those who would contemplate similar efforts in the
future might well wish to create a structure somewhat closer
tc the COGENT model.
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C. °  The DOE Industrial Enerqy Program.

The DOE ihdustfial energy productivity programle_was
similar to CTOGENT in that it was concerned at least in part
with. "generic" technologies -- in this case technclogies that
could'be applied to save energy ir a number of industries.

"The program differed from COGENT (and CARP) not.only in that:

it was an. operating program at the time of its dem_ise19 but

also in’'that it did not confine itself merely to directed

‘basic research.

Parﬁ,of President Carter's National Energy Plan, the
ihdust:i?iienerqy program was intended. to speed the introduc-
tion:dfiénergyASaving technologies in industry. The program
operaﬁeaédh the theory that, althouéh increased;energy prices -
had alréédy spurraed industfy to.a 9.7 percent- average effi-
ciency iﬁprovenent'between'1972 and 1976, all the easy

.Asolutlons had ‘been exhausted; future results "would depend

princip~ ly Tt larger ﬂap1ta1 investments and major process
cﬁangea‘“fo The DCE approach to this perceived problem was
+2 contribute governmant funds to commercial research,

development, or demonstration projects to develop new energy-

saving technology.

The program had two principal thrusts. The first, which
could be described as "generic" in focus, was toward "wide4»

-application projects." Such projectsiwere to "impfoVe the

energy efficiency of processes and equipment that are common

18. The full correct title is the Fedérgl Industrial Enerqgy
Conservation Research, Development, and Demonstration
Program. : . -

19.  The program was zero-funded under the Reagan budget.

20. U.S. Departnent of Energy, Office of Conservation and
Solar Applications, The DOE Industrial Conservation
Program: A Partnership in Saving Energy, Washington,
D.C., no date, p 6.
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to many induatiies."?l. anmples included wascz-heat utili-
zetion (e.g., high-temperature recuperator syztems, .ndust-

rial heat pumps, etc.); alternative materiais (e.g., coal as
a feedstock for acetyiene); and advanced cégeneration. The

~second. thrust was - toward "industry-specific projects."~which
were intended ?to;ihcréase the efficiency of prccesses used

by the most energy-intensive industries, and to achieve the’
" substitution .of abundant. fuels for oil and natural gas -in’

- these industries’."22

The target industries included steel,
aluminum, glass, and cement (high-temperature processes);
textiles, paper, and general product manufacturing (low-
tenperature‘processes); and agricultural and food processes.
The program also boasted a third and more "vaguely defined
thrust -- “"technology deployment” -~- which’ involved plannlng-

for the market penetratlon of new technologies.

Although the program s llterature is llttered with what

-are fairly dub1ous justlflbatlons for goverrment 1nvolvement -

e.qg., that "capital 1slacarce or that firms tend to weigh

a dollar saved on énergy equally with : dollar saved else-
wherez_3 -= the program ultimately rested its Justlfxcatlo _
on falrly solid economic ground- -- or on whdt, at. any rate,y
was regarded a few years .3jo as SOlld ground.' The basic
notion was that DOE should contribute publlc funds to an R&D .
project only when the project wonlo otherwise be "too rlsky"

for a private firm to undertake’ unalded More prec1sely,

they implicitly argued that soc1al rates of return may dlverge

- from private rates because a firm is risk-averse whereas

society as a whole should be risk-neutral; therefore, government

21.° oOp. Cit., pp. 16-17..
22. . Op. Cit., pp. 17-20.
23.  Op. Cit., pp. 7-8.
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shr'd get involved whenever risk-aversion is suspected;24
Thxs prilosophy of intervention was formalized by DOE in a-
comput--ized project-selec*ion technique.zs

a

which calculated
the expected return. and riskinees of each project;-bos'would S S

. funl only projects with an acceptable rate of return whose
riskiness placed them outside the domain of likely private
sponsorship. The prébabilities employed in this procedure
were estimated by DOE on the basis of technical, commercial,
and institutional factors. Each applicant was also required
to assert that it would not have carried out the project in o
guestion in the absence of government assistance.

- s

. ————— e

Thezéroqram included no provision for_the'beneficiéry'
of the R&ﬁ;support to repay"DOE'in the event of 'a ‘successful
project. The federalvshafe in projects was typicelly 30
percent.A'Program budget okligations were €21.7 million in

. fiscal 1978 and $36.3 million in 1979. The program's goal
was a 3I2 gpadrillion Btu/year energy saving in 1985. = f  ' :

ot el e a1 s bt A 8 mA et e . 2t

L-ke uARP the. DOE. pqurdm was also arguably based on
an older wqdel o‘ government intervention; one whicls, desplte
1Ls part‘a‘-fogusion-the “generic," ultxmately_znvolyed the
goverament ' in "picking winners" and évaluatinq carticulai
research projects. Nonetheless, the DOE program seems by all
1nd1cct10ns to have been an effective program, in that it was
embraced and utilized by the private sector. ' |

24. The economic models from which this risk-aversion argument
derive are closely related in form and assumptions to the
appropriability-externality models discussed in Section II.C.
above. See especially Xenncth Arrow and Robert Lind,
"Uncertalnty and the Evaluation of Publiec Investment,”
American FEconomic Review, June, 1370.

25. See U.S. Deparument of Energy, Office of Conservation and

“ Solar Applications, "Industrial Energy Conservation Program :
Project Evaluation-Threshold Analysis." Washington, D.C. ‘
mimeo.
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A primary reason for the program's success seems to
be its concentration on process innovation, which limited
* the uncertainties brimarily to technological and engineering-
economic --"as oppor:d to commercial or marketiné -~ areas.
Competent-managémeut and a low profile were undoubtedly"
important ingredients as well, ‘ -

D. . The National Science Foundation Programs.

In the years immediately after World War II, some 12 _
percent of ‘university research was funded by industry. The -
figure today is closer to 3 or 3% percent .(although it is
increasing). This signals a breakdown in communication bet-.
“ween businéss and aéademe, according to Dr. Jack Sanderson,
Assistant Director for Engineering and Applied Science at
'6_ {This dxrectorate has since been anamed the.

' Enqxneerxng Dxrectordte )

In 1972, NSF began establishing industry/university
~;ooperat1ve resLarch centers. Examples in dperation/include
" the polymer center at MIT,-the7“submicron"QCGhtér at Cornell,
and the rather 111-fated'furniture center in North Carolina.
The main difference.betwgen these centers and those~propbsed
for COGENT seemed to be that NSF centers are affiliated with

. C L 27
~uhversities.

‘ ‘A slightly different kind of center funded by NSF is
an "innovation center" aimad at tcach'ng ’ntrcpreneurlal

- skills to engineering students. There is evidently a pro)ect

26. - Remarks at our October 29, ‘1989, meeting.

27. For a ful;er dleUSSlOﬂ of NSF's cooperative rLsearch
program, see Neal H. Brodsky, darold Kaufran, and John.
Tooker, University/Industry Cooperation, New York:

Center for Science and Technology Polxcy, 1980, pp. 34-41.
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along these lines in operation at the University of Utah,

PP O,

NSF also retains a small-business project, in which ’ : :
- o firms thh an innovative idea in need of development can
receive support. An important requirement of the program
) - - is that applicants have venture capital already lxned up :
to finance the developed idea if it proves successful.

NSF was also to have been involved in the CARP program i

(it was to allocate 40 -percent of the funds initially), lend-

ing its expertise in university research matters to the

Department of Transportation, which was ultimately to have

taken full charce of CARP. ’Another*NSFAventUre"is'a*project

to refit the infamous Glomar Explorer for experimental oil ‘ ) ;
vdrxllxng in the deep ocean and Continental Margin areas.

Sandorson also mentioned projects in robotics and fluid-bed

.combubtxon.-~

Another part of NSF attempting to increase communica-

tlon between the academic and the industrial is the Joint.
.Un1vgrbxty -Industry Research Program. Frederick Betz, who
headé the program, described himself as a sort of "banker"

w1th a pot o money for research projects 101ntly undertaken
byzunlvors;ty and industrial ucxentlsts.“s The procedure
is . this. A proposal involving joint efforts of both industry

and university is submitted to the seqment of NSF appropriate

e ¢ s i &

.to the project's topic; the prooosal then undergoes peer

PR

A review; successful proposals then go to Betz for funding under
this program. - (NSF funds only the university share; industry

bicks up the tab for its researchers.): This is now being changed.

LTI S

. The program was funded at a level of $5 million in FY78,
increasing to $7 million in 1979. Unlike CARP, COGENT, and the
- '~ DOE industrial program, the NSF programs were not cut completely

~ by the Reagan administration.

28. Remarks at our October 29, 1980, meeting.
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V. CONCLUDING COMMENTS ON MAJOR THEMES.

What type of conclusions does one derive from a study
‘based largely upon anecdotal experiences ‘and judgments?

_ A nuaber of important themes have emerged from our study
of reéentAfederal initiatives, from a number of the industry
studies, and from the comments of_industry_andjor government.
executives; They have surfaced in the analyses of both
governmentzscience bolicy and industrial research. Thus, a _
primary type of “conélusioﬁﬁ is the identification and signi-~
ficance ofithese important themes, placed in a'perspective

. that permits us to take them into proper account for the form-

ulatlon of future policies and the initiation of future
programs." '

Tﬁété“is-a second type of "conclusion" one- can draw
from thpoe common themes and- from the anecdotal data of this

'study We can set Jown statements about the 1nteract10ns of

‘public dnd private sectors that appear to uharacterzze des1rab1e

or effective rclatxonsh‘pb for federal support of civ:lian
R&D == statements that can serve as criteria to guide future
actions.

The perspectives derived from this study consist of a
number of féirly simple principles or cbservations drawn from
the evolutiqn of, and recent experiences in, public- and p.ivate-
segtor intefactions, along with evaluations of the several
principal themes. We will therefore consider the generél
principles that apply to the present status of civilian-sector
R&D as one theme, and address separately the other individual
topics, although some of the general principles will refer

briefly to subjects discussed more fully as specific themes.
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A. General Principles for Fublic- and Private-Sector ' - I

R&D_Interactions

It is important to state first those aspects of the
civilian-éectqr R&D structure that are most critical to the
effectiveness of federal activity. Every Western 1ndustr1allzed
country ‘has developed a pattern of goverament involvement: in
civilian=-sector P&D. . But there are two factors which, taken"
togeéher, apply to the situation in the'United-States-tQ a-
far gféater'deqtgé'thah to the other countries of the OECD

(Organization for Economic Cooperation and Development} :

1. The private sector has the responsibility in = . ;
almost all areas, subject to boundary conditions = = , .
set by government, for the manufacture and dis-

_tribution of goods and services for the civilian
-'sector. - It thus has the primary responsibility .. s
for investment and marketing decisions related = DR
to the’ exploxtatxon of technical change. o ’

9 T AT ks 1 it s &g

2. Industrlal research fundgd by the pr1vatb ; C : .
' sector constitutes a very sizable resource
- in absolute ‘terms ($33.9 billion in.1981).
and as a percent of the total national R&D
expenditures (49 percent in 1981). The amount
- of R&D conducted within industry -- both industry
and government-supported -- is far more substan-
tial (q49 2 bxllxon and 71 percent of the total
 1n 1981) , ‘ o

We thereforeAhaye a picture'of the'priVaté sector in
.the U.S. as relatively self—sufficiéntAin its ability to-
generate the R&D 1t requires for growth. The'indusffial
research conducted within the private sector is surrounded
by a wealth of technical activities throughout the world
‘that are not necessarily intended for iﬁs suppq:;, and by a
number of federallyﬂfunded'aqtivities that are. The linkages
through which the private sector extracts benefitys from this

broad technical reservoir are generally loose and -informal, . ) . v

[

1. Willis H: shapley, et. al., eds. Research and Davelogment.
’ ;AAAS:ReEortvgl, Washington: Amerlran A55001at1on for rhe =
- Advancement of Science, 1981, p 87. -

-99-



T . S RO TRYI ST NN T T T $ MBS 1o TOIRY e e i e e GRS e YT ey, ey

based more on professional interactions than on mechanisms

set up for deliberate exchanges.

It is in this broad context
actions of the federal government
private sector. When we consider
sector R&D, there is the implicit
activity supported is expected to

that we must consider the

and the reactioné of the"
federal support of civilian-
assumption that the technical
be converted to use, i.e.,

it will be integrated by some mechanism into the operations

of the private sector; emerging in the form of new products,

processes, and services.

Thxs is why the question of

improving the effect1ve-_

ness of federal support for civilian-sector R&D turns upon

the more fundamental quest10n of whether the federal

government should enqage in a specific area, partlcularly

when the private sector is relatively self-sufficient and

ﬂLot balance technical change with f1nanc1a1 and marketing

: resources.‘ leen the implicit desire for conversion to use,

an - act1on that should not be engaged in by ‘the federal

government by this )udament will very probably not turn out

to be an effective action. That,

in fact, is a principal

his;orical observation emerging from the analysis of industry

and individual experiences during

this study.

This provides a working model with which to extract

some Qeneral prineiples from the material assembled in this

_study. Federal support of civilian-sector R&D must develop

appropriate linkages with the private sector so that our

economy can derive the benefits from that support. On this

basis, we can now set down a number of general principles

' illustrated by these materjals.

* The economic basis for government involvement
in civilian-sector R&D should be seen as
involving more than merely an assessment of
the "social returns” to various levels of Ré&D

funding.
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Economlc theory in recent years has begun to realize
that the process of. tochnxcal change in industry is a com-.
plex one, and that the rationale for government involvement
is more than a simple matter of the sufficiency or insuffi-
ciency of private R&D funding. The important problem --
economists are increasingly recognizing -- .is the identifi-
cation of which technologies and types of projects are

”insuffiéiently supported by the private sector. And programs

for governmenf involvement in R&D thus must be attentive to

the mechanlsm p*oposed for the allocatlon of federal resources

to RsaD.,

*ff There must be widespread support for the need
.. for a federal role in supporting a specific
" program of c1v111an—sector R&D.

Thzs is the common sense doctrine stated at the E

beg1nn1ng of this sectlon. For any proposed pollcy of

actlon, ‘there must be a loglc as to the proprlety for the
partlcular action by the federal government. Further, there
should be a reasonable agreemcnt as to this need on the part

of all interested pa:ties.

ox ° Technical change in almost every industry
sector can be influenced by some federal
‘action.

There is not, and has not been, a neat separation
between the private-sector pursuit of technical change and
the actioos of the federal government. The amount of feder-~
ally funded R&D conducted by eachvindustry may vary, but this
is not the main principle at issue here. The point is that
the range of federal actions, including procurement and tax
policies as well as the direct support of R&D, is so wide
that it has been a factor in technical change throughout
indust;y_at many times in our history. ‘The image of an in-
dustry planning, conducting, and exploiting all the technical
change it requires independently»of any interaction wiih the
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" federal government is not a realistic picture of the
actual growth of U.S. industrial technology. o S

s s+ e s

* . Effective federal R&D involvement is related to
a federal role as user or supolier. ' ’ ' ’.
Selacting the highest-prxority research programs, 
'setting the most realxstlc objectxvee. and 1ntegrat1ng the
results in the manufacture and’ use of a producr or ptocess -a
all of these functions are expedited by some fam111ar1ty
with product specifications or. market needs. The famxllarlty

is possessed by those who buy and use it. Thus, ‘the out-
stahdinq successes of federal R&D activities during'and after
World War II were in those fields in which the federal govern-

ment itself was the customer..

mr e A oA R Ban ®

ok Support for c1v:11an -sector R&D should be
B 1ndustry spccxflc." : :

The varyxng characterlstxcs of each 1ndustry (cf
-.Chapter I1.B.) define the" relatxve 1mportance of tecbn1ca1

o ittt s e T,

. change in the growth and competitive- relatlons for that .
industry. They also indicate which category of research ‘ 4 f
may be lacking, whether there is.a role for gerrnment to :
£fill a void, and whether the capabilities and opportunities
for exploiting technical change are pfesent; vThe use of -
direct or indirect instruments of government support will
depend critically on these characteristics; Federal support
for R&D in the metal and mining industry, for ekample, should
be radically different from any such support.in microeslec-
tronics. ' ‘ : '

* ' Federal RiD activity is most effective and least
controversial in .strengthening the 1nfrastructure g
of science and technology.

'There'is reasonable'cohsensus and a-SQUnd'raﬁiQnal
_argument for the federal governhent to be concerned .with

the .health of the hational technical'enterpriSe. -Such con-=-

b et e bt i

sensus and rationale disappear quickly when federal support

* 2102~
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for R&D turns to specific missions, even to specific
‘industries, which call for considerations of cconomic and
market factors, and can disrupt the épmpe;itivgmactiops
‘within the industry in both domestic and international
markets. ) '

* Federal support for civilian-sector applied
research is more likely to be effective when
coupled with some indirect federal action, 7
such.as procurement. -

. The fundamental weakness in federal support for C1v111
sector R&D is the lack of coupling to the manufacture and

. use of products or processes derived from technical change.
' Thus, government agencies are at a disadvantage in assxgnlng

traaner of the results. But when there is an overriding -

: _natlonal obJectlve that justifies government procurement of

VaIIOUb civilian goods and technologies, the government is

'1n a much better position to understand the technical and

ma:ket parameters; ana government R&D support coupled tO' 

'this procurementican help spur technical change in the civi-
.Iién sector while serving its own procurement goals.

*  Civilian-sector R&D derives benefits from
the stronger technical infrastructure and
increased reservoir of science and technology
provided by public-sector R&D.

Programs conducted by and for the civilian-sector --

_our very considerable body of industrial research -- have

access to a higher level of science and. technology because
of the continuing public-sector technical efforts, e.g.,

S sl e s
- S ran > - - i Sra A ’a PO

an=

: prlorltles, settlng 'specifications, and achieving succeseful

by NASA and Department of Defense. Thus, the technical- efforts

of the civilian sector 1tse1f 1s more effective for those
personnel engaged in its research. The level of knowledge

.. for new graduates, particularly those with graduate degreés‘
" who have experienced some research operations, is higher .in
part because of public-sector R&D.

-103-
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*  Federal support of civilian-sector RaD is more
effective when there is reasonable involvement
of the industry sector concerned.

This is the fundamental rule for coupling government

efforts to the system which must integrate and convert

Atechnicalvactivities to useful products, processes,. and

services. . The nature of the programs and of the national -

'obJectlves may justify government involvement, but industry

inputs and activities can be a critical factoxr in plannxng,
conducting, - and transferrlng R&D. When national objectives

appear to preclude such government-industry cooperation,.’

" the resqlﬁs;will»surely be less effective and more expensive.

:i Successful federal support of mission-oriented
i civilian-sector R&D must be compatxble w1th,'
; 5ex1st1ng technxcal commun1ty.

Success 1mp11es transfer to use.  Construction of a

.final prototype or pilot plant4resu1t1ng from a major program,.

the ability.to manufacture something economically -- these
things requife a particular level of technical capabilities

in fields of materials, controls, chemical englneerlng, and

so on, Federal efforts in a public~- sector mission can and

do finance the parallel programs required to implement R&D.
Federal efforts in a civilian-sector mission must rely upon
the existerce of the appropriate technical skills in industry.

“The appropriate balance of knowledge and capabilities is

a critical factor in any program, and.one that is normally
not within the control of the federal government in civilian-

sector missions.

B.  Support for Infrastructure of Science and Technology.

The most pervasive, acceptable and effective form of

federal support for civilian-sector R&D is strengthening cf
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the technical_infrastructﬁ:e; This means:

| support of mechanisms to prov1de traxned
technical graduates.

. 2. -Increasing the reservoir of"science»and'technoLogy.V

These act1v1t1es ara conducted typxcally in non-

'1ndustrxal institutions. Our comments thus are focussed

‘primarily on universities and government laboratories.

] However, new. forms of mission-oriented research institutes

or other mechanxsms have been considered for pursuit of
broad generlc technologles, e.g., welding, and these could
be ‘established as-: 1ndepenuent institutions, poss1b1y with
ties to un1versxt1es.

Any.federal involvement in c¢ivilian-sector "R&D repreé-

sents a separation between the funding source and the user.

Support. cf basic research or generle teahnology Creates-a

~ further separation between the general nature of R&D belng

conducted and the specific needs of product and process
requirements within industry. Thus, particular issues arise

concerning priorities. for research programs and transfeér . .

- 0of results.

There is general consensus within 1ndustry and, 1ndeed,
within the entire technical communzty that a proper govern-

ment role exists for supporting infrastructure R&D.- There

is no consensus on mechanisms; on criteria for establishing

. priorities; on relations among funding agency,. R&D producer,

and ‘user; on provisions for proprietary positions; on trans-
fer mechanisms. Public consensus about the role may mask
serious differences,abouf approaches- and effectiveneéss,.

" These - 1ssues raise questlons angd’ potent1a1 confl1cts

'for the unlverszty Our data base for this sub]ect.arlses

. - - - T e it a5 DT ST SO —,----7-4-.—..,‘. .
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'Pélicy. Anecdotal and quantitative data are contained in
~a report currently being submitted to the National Science

- government~-industry interaction, define the strenéths and ]

unive:sit; or industrial communities to move the university
_systems toward applied research. But there has been some

- evidence of misunderstanding within the i{eleral government

O vins

S S
S,q

. 3

It

partl’ from the interviews within this study, and even
more from a parallél study on university-industry research
cooperation by the NYU Center for Science and . Technoingy

e on ¢ ATttt gt e
-l e

PO,

Foundation under Contract No. NSB-80-24731, titled University- ;

ane e

Industry Cooperation: The Examination of Existing- Mechanisms.:

The emphasis of universities on basic research, and
the fact that the university is a third-party in any - - S

weaknerses of the university as a component in civilian-
sector ReD. Let us consider this three-way system in more
detail.

PRSP SN N I

. There is a clear consensus among universities, industry,
éna:the'federal government that university researcn is strong-
'é$£'and most compatible with the functions and obligations
¢£éa university when it is devoted to basic research. There
hébe been no substantial considerations from within the

and of concern within tha university community about the

various expressions of interest in "supporting" industrial

needs, in providing new idezs to stimulate "innovatiorn,“

that have .arisen in recent years.

There have indeed been several attempts within the
history of the National Science Foundation, for example, to .
establish programs that would support applied research, most
of which would i.ave been conducted at universities. To the
extent that such activities were addressed to some need in
our'ﬁational technical effort, they are within the legitimate

mission of the Foundation. However, to the extent that such
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activities are perceived to be a response to the needs

vt i bk e g s )

Cmtrars ca o3

and desireg of induscry, such efforts are ¢ misunderstanding

of the preferred relationships between university and I

industry.

When thev .re articulated at“all,nexpressionsvof;; _ S
industry prel.rences for changes in traditional university
procedures fz11 loosely into two categories. ‘One is’ a desire
to strengthen basic englnoerlng sciences in addltlon to the
basic pnyszcal sciences. The other is a wish to strengthen
interactions in qeneral so’ that unlver31ty ba51c research i
can be planned with at least a knowledge of those ‘aveas of
sc1ence .in which 1ndustcy can 1ndent1fy .a need for more
>effort.f;‘ ‘ ' '

Y

7fhus,iany actions of the federal government to support - e
civilien;sector R&D through funding of basic research at
’universifies would be in line with the expec-tations and
understanding of industry. Having stated this, it is also
clear that there are strong opinions within industry and
. universities as to how such actions can be most effective.

These separate ccnmunities are not in complete agreement
on the most desirable conditions, but the area of disagree-
ment may ﬁot be as wide as the caricatures. of university
and indusgry approaches might suggest, and there are indi-

cations that such disagreements are lessening.

There are clear examples of this within the university
structure. Many of these issues that appear disturbing to
the basic physical sciences have long been resolved in those
departments and schools which have a tradition of partner-
ship with associated industries. |

Thus, agricultural research and medical research have

had important linkages with the relevant components of the

-107-
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- food . and pharmaceutiéal industries. 'ﬁngineering depart-

~ ments in generar have close research ties’ with the chemical,

mechanical, and electrical industries. There appears to

be an aecepted equilibrium among research support .from
industry,'graduate'training, and freedor of research.
Probably the 51mp1est comment of this section would be that
the unlver51t1es themselves would proflt by stadylng the
mechanisms used by ‘the professxonal schools "in develop1ng '
relatlcnshlps w1th the users of thelr research and the1
educatlon.

) At the start of this se&tion, we suggested that both

‘strength and weakness are -inherent in these two un1vers1ty
characteristics: (1) that the ‘emphasis is on ba51c research
‘and (2) that the university is a third party in any program
of federal) support of c1v111an sector R&D .These statements

should be clarzrled.

Tne strengths are .obvious. It is valuable to have
an 1nst1tut10n which can pursue new frontiers of knowledge
with some continuity wlthout an imperative for near-term
payoffs. The limitations inherent in strongly mlsslon-

‘oriented institutions could inhibit the pursuit of new
’ direetions and militate against lorger-term commi tments
and risk-téking. The third- party 1ndependence of unlverel-'

ties 1s some 1nsurance of objectivity, thus nlnlmlzxng
considerations of past commitments or biases related to

‘traditional procedures that could influence the choice of.

technical options.

But characteristics that provide strength in the
independent pursuit of hew knowledge can be sources of
weakness for the 1ntegrat10n of ‘technical progress into
social and economic systems, i.e., the civilian-sector.
There are finite resources'available?for any activity}i
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including kasic research. Thus choices are being made
conscantly on allocations to fields of zeseérch, to depart-
ments, to specific projects, and so-on. These allocations
are made at many decisicn levels: within a,ﬁnive:sity,
within a federal aQency, within a private COrporétion,
indeed within the imind of an‘individhal researcher.

Stated simply, not all areas of basic fgsea:ch are
équéliy likely to be of value to all technical needs of the
civilian sector. Any advance in basic science or engineer-
ing can lead to further advances and future Eenefits: unex-

pected..  And serendipity is a valid fact of pasic research,

méiven ﬁhat unplanned app{xcaplon of results can follow any

research effort. Nevertheless, the current need to develop

alternate secure economic sources of raw materials, ineluding

‘pursuitiof ocean mining, is more likely to be aided by basic

reqearch in process metallurgy and geophysics than by baszc
research in the atomic structuxe of allqu, to taLe an

example from the materlals fleld.'_

'EHQw dc we achieve greater compatibility'between the

distrivation of basic résearch within universities and the

needs of the civilian sector for basic science and engineer-
ing? Should wa try to influence this distributicn in ordar
to derive the optimum value for society from such activities?

The answer, presumably, is that there is no reason

to select either the extreme of pure randomness for university

- research or of a completely detailed allocation system by

fields and projects. There can obviously be a realistic
balance between (1) undirected basic research, supported
principally on the criteria of good research, growth of a
field, and quality of the researcher; and {2) directed basic
research, supported on these criteria Plus the relevance

" of subject matter to needs of society, in practice, to the

objectives of the sponsoring organization.
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- cooperation. Whlle much of  this 1ntergst derives from p05~

To achieve such a balance requires, i addit;on to
mauy intellectual’ capacities, a healthy communzcatxon system
"that brings university researchers in reasonable contact
with the system for. 1ntegrat10n of technical change into
the civilian-s ector. It i here that the third-party nature
of universities, a fundamental reqa;rement for freedom of
inquiry and 1naependent actxon, can be a bar*zer to the
"necessary linkages that should ex1st between unxversxty
4 researcn -and those 1nst1tutxons wh;ch can extract oenefxts
from 'it. The nhallenge lies in overconlng the inherent
disadvantages of ‘non-involvement while preserV1ng the inher-
ent virtues of 1ndgpcndence -and obﬁectxvxty.

This is of partxcular lmportance to the’ specxflc -‘ Co - ?'A
subject of this study. That is, when the federal government. .
fun¢s‘gniV¢rsity_reqéarch as a means of strengthening
rivilian-*éc¥or R&D, ‘there is .a particular obllgatxon to. - j ;*
devolop approprlate lxnkagLs among all three sectors. Great

interest is evident to day in university- 1ndustry rosbarch

.sible mlsunderstandzngs as to whc needs wnom and for what,
there is a solid legitimate functlon that such ‘interaction
fulfills. At the Very ieast, it is an important factor in
achieving the allocation of national efforts in basic
reseatch that will accomodate both the traditional indepénd-
© ence of university research and the nceds of the civilian
sector as représented by industry. Detalla on all of thCSu
issues are provided in the study rnfor*ed ©o for the
National Science Foundation.

"~ There is.a continuing and, we believe, healthy periocd
of experimentation and self-examination now underway within
universities'and within the external institutions coﬁéerned
with unxversxty research, namely, federal ag<n<1es and _indus- ..

trial res;arch “The objective is to help universities to

 ~ilo-
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provide the optimumfcoht:ibution to the technical prodress . . :
S0 T of society. It calls for interdisciplinary research when 4?
L all the incentives of the university system are in opposi- - ;}
tion. It calls for close relations with industry even
+ . . . “though the traditional university researcher considers
"télevénce" to be irrelevant; if not improper. It calls 1
for federal funds to shore up the financial structure of '
un1ver51t1eb when there is equal concern for the 1ndependence

“of unxverfxty actions.

, There is no fundamental incompatibility among the _
legitimate scientific and technical interests ahd,dbjecti?es ' o s
of the three sectors. There is a genuine concern on the
- part of both government and industry executives to achieve
ihpéoyed linkages with university research without damage
vtojfts trpe'strcngth_for individual research, for explora-
tbfy'efforts in new directions, f§f=ihdepehdént action.
Thé'hany initiatives being considered and tried will broaden
'the exposure and - thlnkxng of all groups. That aionL will
be a major step to 1ncxease the effectiveness of un1Vtr51ty

research with regard to the civilian-sector.

mia'e

The broad agreement on "infrastructure R&D" follows
a génetal belief that the government's role is most effective

and legitimate when it does indeed strengthen the infra-
~structure of science and technologv. It is most ineffective

and questionable the more it touches on design, on conversion

to use, and on issues involving econom s and markets. It

is not so much'the simple distinction between basic research

_ and product development. Rather, it is more an issue of
~ providing a stronger base for advances by many interests

PR S

without favoring any one.

The more basic ~- the less the research is related

to specific end items -- the more willingness there is for

S111-
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pr{orities to be set by the research scientist and the
funding agency. The more applied -- the more the research
relates to an identifiable need for understanding and data.-"
the greater the desire for participation by-the.usef, -

Thus, the theme that government should support basic
or generic programs is tempered by the caution that the
precise subject mattefeshould suggest .the best mechanisﬁs
and conditions of such support. Thét, in part, is the
lesson of'CQGENT.“

c. Roielég Indirect Federal Actions.

Thisgstudy was fbcused upon direct federal support
of civiiiéﬁwsector R&D. Yet, as the accompanylng Jndustry
studies héﬁe'reminded us, federal. influence ‘on technlcal
change is: exerted through a wide range of indirect 1nstru-'
ments of- federal polxcy '

The‘pafticular observation we wish to emphasize here
is the effectiveness of federal R&D programs when coupled
with indirect actions of the federal government. The classic
instrumeht is procurement, and the great success Stories
lie in the public sector. These prcvide lessons to support
observations from the industry studies and from individuals

interviewed that can be instructive for the civilian-sector.

It ié clear from our experiences from World War II
to the present that federal R&D programs in areas where the
government is the final customer have been very effective
in technical'achievement, transfer, and use. The two prin-
cipal factors for this success are:

1. Minimum uncertainty regarding marvket acceptance
and financial resources for conversion and use.

-112~
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2. Sufficient Eaniliérity.thh the user needs to
‘guide technical specifications and set przorxty )
for technical program. » ‘ oo ]

These are guideiines'for.any-successful R&D program.
. They are often lacking in federal R&D proérams intended to
support the civilian sector. Nevertheless, they have been
present in some arcaé with pdsi:ive results.

. * The exahpleslmoét comhohly énd»prcpérlyv;efe:red to:
are in aircraft and electronics. . Federal support for R&D .-
coupled with ptocurement for government use 1éd{to‘consider- .
-able technical change in those -industries. "~ The ‘success in - o
:achxev1ng useful technical change derived classically from
government familiarity based upon- government needs, plus

. the economic und*rplnnlng provided by procurement. The
nature of these industries, which were able to commercialize
" advances at thL 1;ad1ng Pdgu .of their technologlgb, permitted . . . .-

effect1VL transfer. S L . : - . S

“The- >xamplg of synthetic fuels p01nts up the p0551b1e
conflict betWLLn effgctJVengss and d;slrab111ty. Federal
R&D proqrams in synthetxc fuels can be made more effective’
when prqcurement of a plant or of -output is involved.
Whether in fact the uyntthlc fuel program is a desirable
national objective must be addressed as a separate ;bbUc.
‘Certainly, procurement should nbt‘be used éimply to increase
effectiveness of federal support for RsD, ﬁhoughtAit might |
well have that result. K ' h '

‘A program not ana}yéed in thié study, but rélevaht,

. - is the former.Expe;iméntal Technology Inéentivc Program

(ETIP) within the Department of Commerce. Experiments

cbnducted within ETIP demonstrated clearly that fedéral

procur;mont, operating in part to create demand, 1n part

to estab]zsh specifications, could indeed lead to deslred. o _gj,i*
.:techn;cal changc. ‘It is a powerful ‘tool when used cons-
" tructively. L
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The interesting point that emerges, therefore, is
that federal support for R&D when coupled with procurement’
can be effective in generating technical change in areas

where the government is not the principal user.

It is reasonable to expect a similar conclusions for
the combined use of other indirect mechanisizs as, for example,
regulations. Again, we should not confiuse effectiveness with
desirability. Nevertheless, a current major study being
completed by the Office of Technology Aisessment on the
influence of-reéulafions on innovation suggests that such -

actions prdvide both the climate and familiarity to improve

effectiveness of federal R&D programs.

This study is focused on actlons of the federal

::govurnment in supporting R&D intended for the c1v111an—=ector.
:%We have not been concerned with indirect mechanlsms or with

:§1nd1re¢t technology transfer.

'Nevertheless, our ultimate underlying interest is with

the forces that produce technical change in the civilian

sector, and with their relative effectiveness. The companion
set of industry studies contained many exahples of the role
of indirect federal mechanisms such as procurement, requla~
tiorn., and taxes. For the sake of completeness in discussing
important factors =-- but with no pretense of depth -- we
would like to present somé perspectives concerning the role
of federal support of R&D not intended for the civilian
sector. These emerge both from the industry studies and

from the discussions with government and industry executives

throughout this study.
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The principal areas of public sector R&D are in
defense, space and, at least in an earlier period. atomic
enerqgy. Defense and space R&D constitute more than 60 per-
cent of all federal R&D expenditures in 1080. Hence,
there has been a continuing concern from many quarters about
"spin-off"” cr "fall-out" or "technology. transfer." These
concerns go back at leazt to the end of World War II, when
the -sheer magnitude of federal R&D programs stimulated inter-
est in derxvxng further benefxts beyond that of naticnal

secur;ty ) ;

This has led to two extreme schools of. thought. One

is that the hundreds of billions of federal R&D dollars spent

since 1950 in public sector areas constitute a gold mine
~of techn1ca1 ‘leads, .of procducts and processes, of patents
that could feed 1nto the c*V111an sector if only we would

.process the ore.. The other is that R&D conducted for publxc—.

sector ob]ect1ves without regard to civilian- sector specifi~
cations 1s 1nherently of little immediate value for transfer,
requ1r1ng‘more effort to convert and adapt for ‘civilian pur-
poses than to develop the desired technologies from scratch.
A corollafy to this second school is that the fraction of
national R&D efforts devoted to public-sector programs
onst1tutes a drag on the availability of technical options
to improve product1v1ty, economic growth, and 1nternat10na1

competi tlveness .

The common-sense observations derived from careful
review of different industry sectors is that the answer is
a bit of both. If anything, somewhat more value should be
attributed to the role of public-sector R&D than has been
accepted as "common knowledge” in recent years. To expand
on this, 1e£ us consider the several categories in which
we can view potential 1mpact on the civilian-sector from

these act1v1r1es.

2.  Shapley, et. al., Op. Cit., p. 17.




The following is somewhat oversimplified in order
to provide a brief overview of this broad subject. We
can consider the impact of Dubllc-sector R&D on the
c1v111an—sector in these three areas:

1. Technlcal developments that support certain

- " specific industry sectors. The role of NASA
and DOD has been critical, and of great but
not easily calculable economic value, to
electronics, aircraft, and communications.

2. Wide-spread strengthening of the scientific

. and engineering infrastructure of the nation.
This includes (a) advances in knowledge - .
throughout the technical spectrum of. basic - -
sciences, electronics materials, atructureo,
energy conversion, and so on;. (b) expansion
of university capabllxtzes in both faculty
.and facilities; (c¢) advances in the tools of
‘'science and technology -~ instrumentation,

. standards, automation,.computers.v .

3. Specific outpu‘ of new materials, products,
instrumentation or processes that can "spin-
off" into c1v111an-sector applications.

It is this‘thifdditem.that has received primary atten-
tion as a potential source of
adaptation to civilian-sectot'use,
tently disappointing to those who'conside:ed such converéion

to be easy or cheap.

"while appteciated and. taken fcur granted, have probably been
 somewhat underestimated with regard to their pervasive and
long-term economic values. ' '

These issues take on more critijical importance in the
current situation in which direct federal support for:
civilian-sector R&D is bein§ de-emphasized while h&D related
to'defenée is being increased. There will 5ure1y be poten-~
tial economic benefits from the increased reservoir of

technical advances-and technical personnel plus the- specxflcn

contributions to technical change from programs such as

=116~
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VHSIC (Very High Speed Integrated Circuits). There will
be some changes in overall 1ndustr1al productivity, some
new product inncvation, and some effects on the balance of
international trade. Will changes be more positive because
‘of these public-sector programs - than would have occurred -
if a greater fraction of such federal support had been ear-

marked for the civilian-sector?

_ . No easy quantitative answer is possible. It may

well be that the value of the publicfsecter”programs for
. the private sector, while largely indirect, has been under--
estimated, at least within the United States. This pdint
shepld be studied in more depth. Personal observations of
the%authors ‘are - that European analysts tend to assign great
_ credlt to our defense and space programs for much of the
_-overall industrial progress of the Unitec States in recent
'ryears. Presumably- - the primary source of these benef;ts

derzves from one or more-of the following:

1. There have bnen significant technical advances

in micro-electronics, computers, telecommunications

(including satellites) and so on, which have
provided the opportunity for the development

of new businesses and the growth of zome existing
businesses.

2. Industrial research is made more productive and
can advance further in developing new products
and processes by drawing upon the added technical
advances in materials and scientific procedures
as, for example, computer sciences, analytical
and measurement techniques, and physical processes
such as lasers and plasma. _

3. The productivity of industrial operations are
improved by the advances in computers and data
handling, controls and automation, sophisticated
inspection and production equipment, invaentory
control systems, and so on.

4. Technical graduates entering industrial research
or operations come with a broader competence in
electronics, advanced materials, measurement and
control techniques as a result of the stronger
and more advanced university basec.
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These are advantages for the civilian-sector.:
Nevertheless, there have been disadvantages even in the
general support for Re¢D. A principal concern 1n the per1od
Just ptlor to 1970 was the emphasis on unlver51ty research
on techn1ca1 problems related to the challenges of defense
and space -- such as materials science -- with an apnarent
lessening of interest in the more mundane needs of the

'c1v111an—sector ~- such as procese_metallurgy,» An 1mmed1ate
'consequence‘was a perceived parallel decline in the interest
of technicai’graduétes'in industrial careers. This percep~
tion is. undoubtedly complicated by the general period of

- _unrest at unlver51t1es in the 1960s, and does not follow |

'51mp1y from federal fundlng of unlver51ty research.

The,boint'is that federal support of publio sector
'_RSD does affect.the civilian-sectof in complex ways ~-
mostly'posifive, certainly not negligible, and not easily
suscéptible to cost-benefit anelySis. Can any measures Le
taken to improve the effectiveness of this effect? Earlier
in this section, we suggested that "spin-off" receives
recurring attention and is very largely disappointing. One
fundamental basis for such disappointment is that "technology
trahsfer" normally takes place after the R&D is completed
to the specification of the public-sector need. This is
hardly unexpected, since the public sector provided the
funds.

Suqggestions have been made within NASA and DOD that
some consideration to private-sector needs be given much
earlier in the R&D process, while program plans ere still
being formulated. Thus, for example, an alloy development
whioh could have commercial implications might proceed with
joint participation by one or more interested companies.
The private firms would pay incremental costs for the added
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R&D required to meet civilian-sector needs, and the final
outnut woulo be more eagily convertlble to economic use.

There are difﬁiculties‘in sucn procedures given the
urgency -of defense heeds,'the mixing of public,and_private'
funds, and the_necessary~incentives for both perties. ‘But
the  concept of early dialogue and involvement in R&D planning
does contain»poseibility for smoothing some of. the»mis-metch

between publlc sector and prlvate sector needs, hence 1ncrean
'lng tbn probdblllty of der1v1ng added valuc.'

We,ehould’also point out that the opportuniciesrfor
strengthening civilian-sector R&D through the indirect

. mechanism of public-sector R&D are very dependent on the

technlcal field and on the nature of the work performed.
Since the bulk of R&D expendltures for bothvdefense and

‘space are devoted'to engineering activities and hardware,
- only a nodest portion of tbese funds can, be credited with

raising the general reservoir of sc1e1t1f1c and englneerlng
knowledge, For example, four percent of DOD. and 11 percent
of NASA expenditures are considered to be in thc ‘area of

basic. research.

Nevertheless, public—sector R&D hae~provided a reser-
voir of professionals across a broad spectrum of sophisticated
technical disciplines. And a very large amount of money’

.in the past 30 years from these cources has 1ncreased our

level of scientific and englneerlng knowledge.

This has diminished the number of technical people

‘and funds that could have been devoted to direct support of

civilian-sector. R&D. But those engaged in 1ndustr1al research

and in related activities finded by government were able to

~draw upon a stronger technical base. Since we are dealing

3. Shapley,}gﬁ. i.,'O . Cit., pp. 22 and 48.
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heré with quesfioné-of creativity, of technical ihéehuity;-
and of the complex process by which we create and use
technical change, there is no quantitative estimate possible
to compare our industrial and economic position today with
what might have been. Would more -people devoted to civilian-
sector R&D drawing upon a lower technical base have put us

in a better position than we are in today? -

The issue is not calculable, but some judgments are

clear. Civilian-sector RsD has undoubtedly been strengthened
by public-sector R&D. The U.S. is in a strong technical
' position today, a leader in many fields, and with a growing

capgbity to generate new technology. Once the commitments
a;ermadeito public-sector objectives, any civilian-sector
bénéfits are a bonus. And the bonus in R&D has been consid-

P B erable.

Importance of Existing Technical Cowmmunity. -

a8 An important factor in the initiation and conduct of
AnyAresearch program is the existence of technical personnel
in the area of interest. This is the essential element in
basic research, and it is a critical factor in the effective-
ness of applied research and development.

The effectiveness of R&D intended for the civilian
sector is often dependent on the existence of a broad range

~of available technolcgies and relaied technical specialists

throughout the scientific and engineering spectrum. The

" conduct and integration of a large-scale R&D activity into
L a cpmplex'industrial system normally requires contributions

from'a range of disciplines and is often dependent on parallel
technical advances in relevant fields. The history of

technolcgy contains many examples of developments that were
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*timely" or "premature." This is due very largely to the
existence or non-e:istence of the required technical system
to render the new development compatible with the potential

Vapplzcatlons.

In comparlng th° cases of agriculture and housxng,
for example, we saw that the much-remarked-upon level of
technlcal progress in the former case and its equally notice~
able absence in the latter are par ly traceable. to the well-
"developed community of aquculture scientists as compared to
-cthe relatlve lack -of any network of technical spec1a115ts in
the buxldlng trades. Furthermore, we saw in many cases.—-
1nc1ud1ng alrcraft and computers -~ that the development of
one: technology 1nvolves a doveta111ng with. advanclng technology
“in related support areas. As the Russians discovered, gettlny -
to the noon is as much a pvoblem of computer technology as
of rocket technology

‘The point.is that there is a critical difference between
publicfsector areas, e.g., national security, and civilian-
sector aveas. A federal program in which the government is
the final customer can attempt to identify and support all
- the necessary technologies fequired for the complete develop~-
ment and application of the technical program in question.
Two of the clearest examples of such efforts in recent years
are the Manhattan Project during World War II and the space
prcgram of the 1960s. ’

In contrast, federal support of R&D intended for the
civilian sector is dependent for its effective transfer and
integration into economic use on either (1) the ready avail-
ability of appropriate technologies or (2) activities in
the private sector that can.eventually develop such technolo-
gies in paralle.. While the federal government can provide

for a particular technical advance, the economic application
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may call for simultaneous advances in many related materials

or methods of manufacture.

It is the function of the market to coordinate much
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of the reodired'activity.“ But the judgments and initiatives
reguired to account for all these factors in civilian-sector =
R&D also call for the existence of a technical community

posse551ng the’ range ‘of technologles requlred;- Thls communlty _
‘fcan be developed to some extent and with qreat effort by -
government funds in publlc -gector programs.> It must be dn_A-'. : ot

existing and par*1c1pat;rg force for effectlve c1V111an—
_sector act1v1t1es. ‘

The cons1oeratlons dlscussed above refer to the 11n1-
ftatlons of government proqrams and. agencies 1n prov1d1nc and
"controlling the mix of technologles requlred for technlcal

advances in the civilian sector. In principle, ‘there is
every reason to assume that any such deficiencies,would be
recognized and taken into account prior to initiation of a
given program. ' -

There is another aspect, however, which Calis for‘more
detailed interaotions between federal'R&D programs and the-
ihdustry affected. This is the question of technologies .
and skills reguired for the economic design and manufacture. .
of products and-processes that would normally follow a
successful R&D program. ' .

"Effectiveée industrial research‘requires reasonakle-
coupling between the R&D. proce:s ‘and the manufacturlng pro-
cess. Knowledae of avallable materlals that are suitable
for.the~processes called for, and an understanding of the
‘nature of those manufacturing techoiques suitable for‘appli-,i
" cation to the technicai advances under consideratioo, can

be critical to the complete innovation process.
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Thus, the existence of an appvopriate technlcal com-
munxty in the materials, components, and processes of
’manufacturlng-rej"red for the conversion of R&D is essential’
to’the effectiveness of any overall program in the civilian |
sector. And familiarity with these factors, difficult enough

—tid ot b

witain an industrial research organization, becomes fur more .

elusive when we consider foderal R&D efforts. - : : g

For al; these reavons, the existence of an appropr1ate
techn1ca1 communxty is cr1t1ca1, and the detailed krowledge _ ]
about that: conmunlty can come only from reasonable participa- .
tion of *ndustxy in the program. This was an important lesson
in the development of tltanlum for aircraft, involving close
partrershlp between government and 1ndustry._ It is critical , i
in tutrent advances in mlcroele(tronlcs, wnere productlon is o ' ’
1nseparable from R&D But the prxnc;ple ‘is applicable we;l o
~ beyond thes; ‘areas of high: technoloqy, and- is a major consi-
deration for 1mproved effectiveness of federal support for

T

civilian-s ector R&D.

F. Cooperative Industrial Research. S

When'tné federallgovernment supports R&D, it is acting
collectively for the general public. Yet we have seen that
the federal govérnmpnt acting in the civilian sector can be
inefficient without the involvement of private corpdrations
responsible fdr the ultimate investment, manufacturing, and

distribution.

There are indications that some forms of collective
action by the private sector can substitute for government
programs and simultaneously provide a mechanism for involving

the judgments and cooperation of the industrial research
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comnunity. Where this approach can be purcued effect;vely,
- it is indeed one to be- encouraqed

- There is increased_accivity by a rnumber of industries
to set up a formal Créanization which will collect.funds
and use them to support botn 1nfrastructure R&D .for that
" industry and, in- sonle sectors, spec1f1c developments tbat :
can advancehthe-non—competlt;ve interests of the 1ndustry.
The. two largest are probably.the Electric Power Research _
Institute (EPRI) and the Gas Research Institute. EPRI was
'initiated‘in 1973, and has current annual. R&D expenditures
of $217 million. ' GRI waS‘initjated in 1976, with current
annual R&D expendltures of $83 7 mllllon.4,_ Two new efforts
- now being organized are in the chemical and the semiconductor
-ilndastrles.A Both are plannlng annual expendltures in. the

.$20 to $30° mllllon range.

In general research done¢ by trade associations has

N _been more’ substantlve and producelve in Europe ‘than in’ the

U,S.S, Basic research funded by trade assoc1at“ons,1n the
u.s., performed‘usuallylat'universities, has been Very'modest
- Thus, the changes represented by the recent frade aSSOC1a*10n

‘programs are along two 11nes.

1. These are sizable-commitments by a number of
industries to produce technical advances basic
"to those industries.

2. They are deliberate efforts, particularly by the
. chemical and ele<tronic industries, to influzsnce
the direction of public funds and of university
efforts by indicating those areas of basic science.
and basic engineering of relevance to industry- and -
by strengthening particular programs.

4. ' Fignres are from the 1980 annual reports_of.EpﬁI and GRI.

5. For a balanced view of trade association research in
Britain, see P.S. Johnson, Co-operative Research Jn
" Industry, New York: John. W11ey, 1973.
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All of these efforts are being pursuved with strict
- attention to the guidelines for acceptablé cobperative
- programs among companies that héve evolved from anti-trust
‘considerations by the Justice Department. Tnus, these
collective research efforts emphasize basic infrastructu:e _
R&D 6r; at most, developments that can be available on non-
exciusive license to all comers. '

This presentb somewhat of a paradox in recent concerns
about the lnt;rnatxonal competitive posxt;on Oof the United
States. Japanese tgchnolooyrbased.products, particularly 'in’

nconsumer electionics but increasingly. in- a broad range of
-édvanéed products -and systems, appear to demonstrate a capé—.
city for rapid and economic adapt:t1on of new sc1ent1f1c
"advances, - Federal initiatives xn stlmulatlng university-
'.indnstry_or government- 1ndLstry cooperation, or even coopera;;
'tiVQ-industry efforts compatible with Justice Department:
'gniﬁeiings, have been motivated in part by the desire to
strengthen our technxcal p051t10n vis-a-vis forelgn competl—
tors, part1cular1y Japan. Yet these etforts, emphébleng..

prlmarlly-ba51c research, publishable results, open licenses -~

ailjin accord with accepted anti-trust practices -- are of
_aimést as much benefit to a foreign competitor as to the. U.S.
In.fact, if one really believes that Japan is superior to the
U’S: in. the ability to adapt and expL01t scientific advances,
'thgn such efforts cou;d diminish our competitive position.

4 We do not accept that extreme interpretation. But

there .is a point, raised by several of those interviewed in
this study, that our international competition might be
improved by some forms of collective industrial actions that
would call for some re-appraisal of anti-trust guidelines.

These would lean towards more emphasis on specific developments,
possible restrictions on licensing, and so on. The intent

would be to expedite technical advances while spreading the
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cost and risk, but collective action could prgsumably be
justified only when it would not lessen our criteria for

domestic competition.

To our knowledge, no good study has been made of the’
economic henefits and costs that would be incurred if there
were more joint ventures in applied R&D, nor is the current
legal stance completeiy clear. We make no legal recommenda-
tions. The topic here, we think, calls for serious study.

There:may also be a gfay.area.creéting opportﬁniﬁiés:
for collective industry actions in applied research and-.
developménté;,without calling for a business arrangement
for éXploitéiion'by the partners. This might help our
'internétiohél'competitive position: or*simply substitute
etfect1ve prlvate 1n1t1at1ves to replace less effectlve
federal actlons. In either case, there is good reascn to

call for: serlous con51derat10n by appropriate federa. agenc1eq

a5 to whetner 1aws and regulatlons 1ntended for domestic -
ob)ectlves can ‘be mcdlfled to accompllsh new 1nternat10na1

objectlves thhout affecting adversely the orlglnal intent.

G. = Concluding Remarks.

We would like to close with what perhaps should have
been the opening. Our concern has been with the "effective-
ness” of federal R&D programs intended for the civilian
sector, By this, we refer to the effective allocations of
technical resources measured by conversion to use within
the economy. And this economy is one in which'goods'and
services are produced and distributed by the private sector.

We have not considered any social or economic theory
other than this. That is to say, we did not address such
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questions as to.whether a particular federal action or
inaction has an effect on the relative distribution of '
small companies versus large companies within an industry;
on competition within an industry; on the distributioh of
the future work~force in terms of skills and education; and
so on.  Other objectives are implied by such queséiohs, and_
there are 1nev1tably inherent’ confllcts in almost anj set '
of natlonal ob)ectlves.

Effectlve scxence and technology pollcy means many
thlngs. In the broadest sense, however, it means two:
first, that we are prov1d1ng for the health of our natlonal-”

'techn1ca1 enterprlse~»second that we are taklng those actlons
~and adoptlng those policies-whlch make the optlmum ‘use . of our

total technical resources 1n achlevxng a broad range of na-'
tional obJectlves. ' '

". This study focused on one aspect of science and *echno—-
logy policy, namely,'actxons of the federal government to

* support R&D intended to help the civilian sector. We wereAnof

concerned with support of public-sector R&D, with indirect
actions of the federal government, or with the industrial
research activities funded by industry.

Thos, on the one hand, we did not seek'or obtain a
complete plcture of technical change in the civilian sector.
We were, however, made acutely conscious of the major factors
that influence this change and,the interactions they have

"with each other. . We.haye attempted to bring these.pefspec4
tives to bear upon the one factor that was our objective:
direct‘R&D support by the:federal government .-

Hence, a simple overriding.guideline for such direct

federal actions is that they must be takenjwith~fu11 know=- -

;_ledge'of the'other factors infiuenciﬁg technical chénge, and
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.»W1th the conscious effort to develop mechan;sms that link

the factors together. Our discussion of general prlnciples
and specific underlying themes presented in this final

- chapter spell out many of the implications of this statemént.-

And when shouldthe federal government bacome involved
in svpporting civilian-sector R&D? The answer is essentially

" a polltlcal one. We have chosen to take "effectiveness” as

a b351s for the answer, and to measure this in terms of our

~.economic -system -wherein the: prlvate ‘sector is responsible- forv‘:’"

the ultimate manufacture and sale- of economlc goods derlved

'from techn1ca1 change. Any other measure for econom*c or
-soczal reasons would pay some price in cos t or time or ogLif

mum allocatlon of technical resources,

§We have not provided a set of-recommended direct

.actlons, but rather a set of recommended indirect guidelines.
.,Thls is not a solutlon to the questlon of how and when the
1‘federa1 government should prov1de for the most effective sup-

port of civilian-sector R&D. - It is, however, a suggested
road map towards that solutlon.'

{
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.. _APPENDIX: . INDIVIDUALS CONSULTED BY INTERVIEW OR AT MEETINGS.

‘jLeonard A. Ault, Acting Chief, Dissemination & Analysxs Branch,"

Natlonal Aeronautlcs and ‘Space- Admlnlstratlon.,“m

: Thomas Baron, Pr°51dent Shell Development Company.

_ Arden L Bement, Jr o Actlna Deputy Undersecretary of

Defense for Research and Engineering "(Réséarch and -
. Advanced Technoiogy) Department of Defense (now Vice ;'

.Pres;den, Technlcal Resources, Sc1ence and Technology, nif~7i51;3‘

TRw, Inc.)

-~Freder1ck Betz - Industry/Unlver51ty Cooperatlve Research

‘Industrial Sc1ence ‘and Technologlcal Innovatlon D1v151on, S

Natlonal Sc1ence Foundatlon.
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Paul C.. Boglages - Project Development Manager, Corporate
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The General Electrlc Company.

John D, Caplan, Executive Director, Research.Laboratories,'
General Motors Corporation. C

Will D. Carpenter, Director of Environmental Operatlons,,

Monsanto Agricultural Products Company .

J. Hoyt Chaloud, Manager, Research and Development
Coordination - International, Procter & Gamble.

-Paul' F. Chenea, Vice President, Research'Laboratories,

General<Motors Corporation.

F. A. Cleveland - Vice President of Englneerlng,
Lockheed Corporatlon. . .

-
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Borg-Warner Corporation.
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of Liberal Arts, Drew University. (Formerly Executive Vice
President, Pharmaceutlcals D1v , Ciba-Geigy Corporation.)
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DPonald E. Stltzenberg -~ Director of Coruorate Planriag,
Merck & Co., Inc.
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" Louis Tornatzky - Head, Innovation Processes, Policy
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