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~An iﬁportant part of the current discussion about industrial

Section I:‘_Rationalé

policies is concerngd_with "high'technOIogg“ indusiries,=d¢fined.
as thosé characteri;ed by large R&D expenditures and rapid'
technological prbg;gss._;lt_has been'p:oposed that, in high
income coﬁhtries'at 1eé§t,ia central goal of gove;nment-polidy'
: 6ught_to be to help to establish them, and to facilitate their
progreés-and competitiveness. The stakes are seen as largely
economic, although there may be impprtant_political~va1ues-és
wéll.]f _ |

Many arguments, some of them complex and-subtle,rhaQe been
put forth in suppbrt of thié position. However, not much
injustice_is done if I paraphrase them in terms of two related,
but distingﬁiéhable, propositions. One is that high technology .-
| _industries‘often are "leading," in that they tend to drive and
- mold economic_progress across a-broad front.7.Theusecond is that.
high technol@gy orjieading industries are "strategic”, in that
,natibnaL:ecpnomic.progreés'and.competitiveness.is dependent upon
national strengﬁh in these industries, and_gdvernmental help is
wafrénted.to assure this'strength. |

The leadlng lndustry 1dea has a long *radltlon, among
scholars, as well as sophlqtlcated lay observers. .The sharpest
-articulétion probably is Schumpeter'ﬁ.: In his Busipess Cvcles
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‘some time. Countries‘trying to modernize and catch up with a
| perceived leader -- as Germany Britain in the mid 19th century -

-often have given special treatment to certarn high technology

industries of the day - then steel and machine maklng - seelng
these as source and symbol of the leaders strength. The last |
decade or’two'has°been marked by increasingly sharp articulation

of the idea, and the adoptlon in many countrles of extensive

-pollCleS exp11c1t1y based on it.

However, one can accept the 1eading lndustry hypothe51s, and
at the same tlme be skeptzcal about whether any major strateglc

advantages accrue to the countrles Where these 1ndustr1es are

- largely based. If 1nternatlona1 economlcs were as deplcted in

standard neo-classical trade theory, it is hard to see any

general national advantage stemming from a strong position in

high technology, Qr'leaaing, industries. Rather, that theory

would reverse the. discussion. The orienting question would be ==

whatqkinds of factor endowments and other conditions give a

Vcouotry_a comparativehadvantage”in_high"technology industries.

The presumption would be that, given those conditions, it is

advantageous to ekploit that'comparative advantage,'otherwise

: not. To the extent that a comparatlve advantage can be bullt

through various forms of 1nvestment, the wisdom of such

1nvestments should be assessed in terms of the standard rate of

;‘retUrn'CriteriOn. Accordlng to this p01nt of view, there

certainly is nothlng spec1al about high technology industries.
Market mechanisms work as well, or poorly, on themas on ¢ther

industries.’
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industries can reap externalities, if they can exploit the new d

ropportunities before their competitors do. The key is good

information connections. 1If communication proceeds, or can be

made to oroceed, more effectlvely within national boundarles,__

~ than across'them, then a nation s high technology industries | jﬁr
indeed may'iend'strategic advantage to the nation's downstream

_industriesr It‘may make sense, then, to subsidize, or.protect,

national firms in the key industries in order to get hold of

' these 1nter-1ndustry externalities. Of course this argument,

while different, is not 1ncompatible wath the product-cycle,.

general R&D externalities, argument

- While these arguments are plaus1ble, they have not been well
documented empirically. At the 1east their quantitative
1mportance is unclear. The question of whether high technology or
leading 1ndustr1es are strategic should be regarded as open.

But assume . that they are strategic. Assume that there are

: strong arguments for a naticnal effort to encourage and support

them. The policy 1mplications are not 1mmed1ately obvrous. Most
of the current policy discu551on 1s focussed on polic1es

expllc;tly "targeted" to aid them. However, 1t,can_and has been

- argued that the key_to strength in_hlgh technology industry 'JL////

resides in more broadly based factors. Thus, bavid Landis','in

his discuSSion (1970) of whv Britain led the continent in the .

industrles that sparked the early industrial revolution, stresses'

neral flexibility of British economic 1nst1tutions‘compared

to those on the continent at that time. His analy31s of why

RN et t———e

Germany overtook Brltain in steel and chemicals, and elsewhere,:_
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from the latter arena to the former, and away_from'protection and

. towards more poeitive'forms of support. However, in the United

States the basic high technology industries are, by now, quite

traditional. Representatives of those industriee, asholder ones,

‘rail about unfazr forezgn competltlon and call for offsets of

various sorts, ;f not blatant protection. Proposals for posttlve

- support are less well articulated.

It seems recognzzed that staylng in. the forefront of a

rapidliy advanczng fleld 1s not the same thlng as c1031ng a gap

'-w1th the 1ndustrial leader.“ However the pollc1es-of foreign

governments, partlcularly Japan, often held forth as possible

'_models for the U’S., have usually been of the "catch up"” sort,

andumaynnot'be well suited to preserving or enhancing.
technological-leadership.‘ The objectives of technological

leadershlp 1n fast moving fields ralses some tough questlons

_ about what pollcy 1nstruments are, and are not, appropriate.

. To recapltulate, there are several baslc guestions about1

policies in support of high techology or leading_ihdustriesﬁ‘ih_

: .the_expeptation of significant national economic advantage. One

relates to the gains a-c-ountry reaps from being 'st_r_on‘g_'in the

leading industries of-the day. Are there special economic

advantages that accrue to a country because it is strong in high

_technology industries? If so, what are they? The second relates

to the direction Of'causation, 'To what extent does strehgth ih

._:these industries flow from general economic strength rather than

the other way around? A third is about the efficacy of more

harrowly focused instruments. What kinds of industry specific




Section II: Characteristics of Technological Advance in Leading
| Industrles _

In this sectlon, I hlghllght certaln features of
technologlcal advance ;n_leadlng‘;ndustrles that need to be
._understood when one thinks ahout government policies to help
“these industries. The account draws on a variety of_different
studies.of technological advance in aviation,inaclear power,
.computers, semieconductors, and several other industries.ﬁ_while
there are important differences.in'patterns of technologlcal “
advance in these industries;_there also are_certain fundamental
_-simiiarities. | | . _ ._..: . | |
- These are,-first, that the“precise path taken by
:'technologlcal advance is v1rtually 1m90551b1e to predlct, and
there often are major surprlses. Any investment in ant1c1pat;on
_of a najor breakthrough is a gamble. Second, individual__r
technologlcal advances seldom stand alone. Almost always they .
are connected intellectually and economrcally both to earller
advances along the same 11nes, and to advances’ ln other but
related_technologies. Third, a competltrve market context 7

provides a rather special structuring to information relevant to

 R&D decision making at any time, and establishes a particular set .

of incentives and constraints. While a competitive market
_environment may stimulate progress, it.also causes_certaln bailt-
in 1neff1c1enc1es ‘and wastes beyond those 1nherent in the process
T‘of-technological advance ltself. These market fallures“ are
"'appropriate targets for ‘public pollcy. Fourth, whlle there

| surely are targets of opportunlty in the sense of rather obvious

shortcomlngs of market institutions, there are llmlts on the .




"the falled efforts strlke the contemporary reader as obv1ous

~before they have tried it out. The favorable public response to
~ the smoothness of jet passenger fllght was easy to underestlmate,

.‘and the lack of willlngness to pay for supersonlc fllght easy to

be best., But hindsight is better than foreszght While some of

blunders, that they were soewas not obvmus to the people who
made the key dec1s1ons at the tlme ln questlon.r |

There are market as well as technologlcal uncerta;ntles. lt
is no e easy task to judge how much merlt customers will see in a '.

radically new design. The.customers mav not know themSelves:

have m;scalculated. Before such machlnes were made avallable,
there was no apparent buslness demand for computers. The value

of an innovatlon may depend on unpredlctable events, as whether

'-a complementary product is avallable, or on how the market

'develops for a. product for whzch 1t is a component part The

post 1973 hikes in fuel costs surely hurt “the supersonlc

_transport, and helped Alrbus.

" If the problem were s;mply uncertalnty, but everybody agreed

on the structure of the uncertalnty, one could define the R&D

' allocatlon problem as belng somethlng like a dynamic programmlng

:problem 1nvolv1ng uncertainty and learnlng. An optimum strategy

in such a dynamzc programm1ng problem well may involve explorlng

a variety of dlfferent p0551b111t1es, and holdlng off commltment _‘

| -to a s:.ngle one unt:.l lots of ev1dence is acqulred I say

"something llke' a dynamlc programmlng problem because in that _

'formallsm all the posszble branches 1n the tree are assumed to be

known in advance, it is thEII reallzatlon that 1s uncertain, In

contrast, a well known characterlstlc of R&D is that surprlses

11



different ideas, is an important, if_wasteful, aspect of_
technological advance.. | |
QQﬁnﬁStsﬂngsse Partrcular technological advances seldom
stand alone. 'They usually are connected both to prior
developments in the same technology, and to complementary or
_facilitating advances in related.technologies._‘

Many technologles advance over time in what might be called

E -an evolutionary manner, with today's round of R&D activities

aimed to 1mprove upon today's prevalllng technologies in cértain
particular directions, or to create variants better designed for
certain particular'purposes. Thus one can see in the most recent

"designs of commercial jet aircraft ancestral connections to the_:,

~ first round of commercial jet airliners -- the Boeing 707, and

the Dougias DC-8 -- created over twenty}five years ago. While,
measured in terms of the rate of performance enhancement or
reductlon in cost per operatlon, technologlcal advance in semr-
conductor memory devrces has been spectacular, one can recognize
a natural sequencing of the’ generatzons of memory devices, from
the advent of the first integrated circuits over twenty“years
a9°-'. _

Evolutionary change is punctuated by revolutionary cnange;
In civil airCraftlthe advent of‘the successful commercial_jett
airliner in effect changed the ba31c nature of alrllner
technology from the earlier piston engine based reglme. The
lntegrated circuit represented a sharp break from the- earller )
dlscrete tran51stor era, which in turn had 1nvolved a
‘revolutionary shift in electronic~dévice.technology from vacuum 4

"tubes. It is interesting that these sharp shifts in

13



weaker form, in terms of. upstream—downstream, connectedness._ The
.modern jet engine would not have been possible W1thout prlor "
advances in metallurgy. Further progress in 1ntegrated clrcuits
is going to depend on developments 1n the lnstruments that trace
out the circuits. |
There are several.important implications of this

COnnectedness; First, experience in.a'technology counts. In g:
‘many mcdern.technologies a firm ‘must gain mastery over older or
more s:unple aspects before :.t can gaJ.n competence to work at the
' :leadlng-edges. And flrms that 1ntroduce a new product flrst galn

_learnlng curve advantages over thelr competltors, provided

someone else does not come-out with a s1gn1f1cantly better

~ design. Thus, there is room for "infant industry"arguments.”

But it is by no means 1nev1table that a protected 1nfant w1ll
grow up to be competztzve.

c Also, experience and competence in a partlcular technologlcal
regime may count for llttle, or be dlsadvantageous, when there is
a slgnzflcant shift in technologlcal reglmes. A regzme Shlft
-31gnals opportun;tles for new companles, and requlres 51gn1f1cant
changes in perceptions and pollc1es of establlshed ones 1f they
are to remain competltlve. Thls may pose severe problems for an
1ndustr1a1 policy that is commltted to the support of a
"partlcular set of companies. _

Second, to be successful in a hlgh technology 1ndustry, a
firm needs to be plugged in" to a w1de range of technologles._rp
cnRecall that recoqnltlon of these 1nterdependenc1es ls at the

hheart of some arguments in favor of actlve nat;onal 1ndustr1al
pollczes to spur leadlng lndustrles. It is an open question,

" DRAF? - NOT FOR QUOTATION _
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that, in each of these technologlcally progress;ve 1ndustr1es,

where prlvately funded R&D has been substantlal, through one

;mechanlsm or another, flrms are able to profit from thelr R&D

successes. -

The Schumpeterian system'has been an'extraordinarily

,effective engine of progress. It has shown sen51t1v1ty to

changing patterns of denand'by consumers. The pay off to a flrm

lies not simply in producing a technologically advanced product,

but a product that consumers will buy in gquantities at a price

that is profitable.ﬁ'Profitable companies and technologicaily

: progresslve industries are characterlzed by strong market

research, as well as by strong R&D. At the same tlme competltlon

namong flrms, accompanled by secrecy about Just where each 1s-'

laylng its technologlcal bets, w1lly nllly generates a reasonable

lever51ty of approaches to problems and new products offered to '

the market for selectlon.'
o However, a careful scrutlny e1ther of the models that

capture, in abstract form, the nature of Schumpeterlan

.competltion, or of the empirical hrstory of technolog1ca1 advance

in any f1e1d, lndlcates that the portfollo generated by market

competltzon can in no way be consrdered optlmum. There 1s_

v1rtua11y certain to be a clusterlng of effort, verglng on
duplxcatzon, on alternatives w1de1y.regarded as promlslng, and

often a'neglect of'long”shots that, from society's point of view,

~ought to be explored'as-a hedge;"The fact that one company has a

patent on a product or process may lnduce competltors to try to
invent around it; an effort that may in fact yleld ‘something

really new, but which,oftenfis simply wasteful duplication of_

17



'justiﬁication and guidance for governmental actions to
'oomplement, substitute ﬁor, or guide private initiatives. At the
least their recognition guards_against the simplistic position-
~ that the R&D allocation naturally induced by market forces is in
‘any sense "optimal®". However, propositions about.whereeand how
market_foroes;work poorly cannot alone carrj the polioy
discussion very far,r_in the first'place,.market_institutions
themeel#es constrain public polioiea; It is politically
diffioult and likely_futile to try to foroe a pelicy on an
iadustry. Second, the "market failore" language represses that,
in all of the major countries studied, there long has been a
- strong public as well as prlvate presence in high technology
1ndustr1es, These tradltlonal pollc1es at once represent
respohses:to pressures to do what the market does not do,,and
'refiect a.nation'a broad political attituoes regarding.
appropriate fields of public action; They also often constitute;
_the reserv01r of experience, and the acqulred customs of policy, -
that 1neV1tably shape new departures. Let me consider these
_mattera_zn turn.. ‘
Thetfaot'phat_much_of:technological_knowleogevis proprietary
acts as a constraint on public policies. In the general ruo of
"things a company_will not willingly discloee to its competitors;t
or toa publ\ic ageno}, theway 1t thinks the technological bets
ought to. be'laid. rAs a result, a governmentragency may be cut=.
- off from the most knowledgeable expertlse on the questlon. In
partlcular, market lnformatlon may be very dlfflcult for a

government_agency to obtaln, unless the companles;want to give.

it. Relatedly, a government agency may be sorely limited in its

19




to the new purposes. It seems useful to distinguish amcng three

'admxttedly overlapping areas of traditional public lnvolvement-

support of scientific and technical education and research,
public (largely military) procurement, and general modernization
policies. While‘the details and vigor of these three broad

policies have differed from country to country in ways that will

‘be described in the following sections, there arepcertain common

elements that I will sketch here.

In the{United States state~governments,.with assistance from

the federal government, began tc‘take'hajor responsibility for
ptraining;in the agricultural and mechanical arts as early as the |

‘mid-19th century. Support of research in the agricultural

sciences came soon after. After World War II, the federal
government gradually tock on primary responsibility for support

of scientific and technical education and university research

generally. In-Germany and France there.also is . a long tradition

- of" major government support for these activities. Support by the

Japanese government dates from the late 19th century. In Britain
acceptance -of a major governmental role came later, but was in
place after World War II. The ideological bases for such support
have been varied. In popular democracies like the United States,
there has been long-standing acceptance of a public’
respons;blllty for broadﬂgauged educatlon and training of the

c1tlzen:y. In France such polxc1es have been associated. w1th

‘training and support of an elite civil service.  Since the early

19th century Germany, and since the late 19th century Japan, have

_explicitly:pushed_education_and science as vehicles:to.enable
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into industrial policy. So long as the R&D support program

'sticks close to generic work,'the'ptoblem of’proprietary rights

is partially averted. A consultative structure already stands to
help map out sensible allocations. AS'we_shall see, however,

while the traditions of such policies point to suPPOrt of

academic institutions, a characteristic of the new policies in -

support of high_technoloegy industries is that much of the work is

done by industry, not in universities or governmental

'laboratories.

Public procurement demands are another'traditional source of

public involvement in,"high technology“ industries. From way

back sovereigns have maintalned arsenals and other workshops

_produ01ng the goods they needed, and concerned themselves w1th

the adequacy of supplies of military and other items, Since

world War II, in the United States, Britain, 'France, Sweden; and
several other countries, the armed serv1ces have been major
supporters of R&D. in the industries from which they procure
equipment. ‘While defense is the largest procurement lnterest, in
several'countries space agencies, telecommunications netwotks,
electric utilities, and television networks, are Qovernment

operated and controlled, and also are_important sources of demand

for high technology industries,

Procutement.demands1particularly if they involve national

- security, help to break.poiitical pressures for even‘handedness;_

a log-rolled-defense establishment is cause for poblic alarm and
indignation. And such public programs are associated_with di;ect

funding of R&D in industry.
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_interesé.and much looser stipulation on criteria for so labeling._

an industry.
'As noted above, even in the United States governments have

long been in the busineSS-of p}omoting, supporting, aﬁd

- protecting, certain inddstries. Agriculture is a'prbminent

example, and one where R&D support was employed early in the

game. The defense related industries are other examples. The
.French, German, and Japanese have, however, operated across a fér_

‘broader front of manufacturing in&ustry; often motivated by a

zeal to cétch up ﬁith the_industrial leaders of the day —- ea:iy

'_rBritain, later the United States. I suggested above that Japan's
'highly successful post World War II policies should be understood

- in this light.

However, as we shall see, the constraints on government
policy hold in these Countries, as well as Britain and the U.S.,
if in weakened form. And there is the fundamental question of

whether the standard instruments of tutelage -- government

‘guidance, protection, and general (and recently R&D) subsidy -~

which can be well direc_ted when the objective is to '_catch up with

a leadef, can be effective in establishing and maintaining a

domestic industry in the forefront of fast-moving technolbgical

progress,

Let me summarize. The new policies in support of high

. technology industries with economic benefits the target have
clear antecedents in more traditional policies -- support of

scientific and technical education and generic technical

research, procurement, and, in some of the major countries
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Section III: Policies in Support of High Technology Industries:
Quantitative Aspects | - o
. There is by now a considerable record of attempts by |

governments t6 spur their high technology industries. It

-certainly Seems”ﬁo:thWhile to try to‘describe and analyze Eﬁis'

experience, so that some lessons may be drawn. But even simple

" description is no easy task. There is a serious prob1em about

what to describe. How ought one'go'about'Characfetiiing a
country's industrial policies? To what extent ought one to

consider'a'nationisimilitary, and science and education support

policies, along with expressly industrial policies? How about

trade policies? What numbers are relevant? What kind of

qualitative information? How muCh'disaggregation'is necessary?

' In_ofder‘to answer these questions, one realiy'needs'well

worked out and verified theory of the detefminants'of petformancé
in high-teéhnoibgy industries so that one can identify the kindé
‘of -policies that are likely to be relevéﬁt, and irrelevant. In
' the preceding section I put forth not a sharp and well tested |

“theory but some apparently salient stylized facts about the key

processes and institutions involved in tedhnologiéal advance in

leading industries, and some rough inferences drawn from those

 facts. - This provides me with'a broad pérspectiVe-pn government

policies, and suggests'rouéhly what kindslbf policies are likely

to evolve and, of these, which have promise of influencing

" technical progress effectively, and which kinds of policies are .

likely to be ineffective or worse. But -the theoretiCal lens is
fuzzy, not sharp, and it may distort as well as clarify.

DRAFT - NOT FOR QUOTATION
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governments are investing_in poiioies in support of‘their'highs
technOIogy'industries;' of oourse, governnent”soending on R&D is,
uat best, e'very partial measure of government policies. However,
other‘aspects of government policies ~- for example, the tax
treatment of private R&D erpenditures, or thesnature of the |
patent.laws, or"the charaoteristios of the regulatory structures,.
_or the strength of protection, or the extent of subsidy of )
:1nvestment in new ‘Plant and equipment -- are more dlfflcult to
' measure, Measurements are llkely to be less comparable across
countries than the R&D data.2
Table I presents total RsD as a percent of gross natlonal

oroduct‘for‘our six large industrial nations, 1963-1980, and .
.breaks_down the;total into defense and non—defense related |
spendrng. Notice the initisl large U.S. lead in total R&D and .
the subsequent'oonvergence of R&D intensity of the majorf”
industrial pouers. Notice also'that the early U.S. lead was
mainly due to our large detense'R&D budget, and that in recent.
years, if one excludes defense, the U.S. spends 1ess on R&D as a
percent of GNP than do several of our lndustrlal rlvals._'An"
important question to explore, therefore, is how defense R&D
differs from non-defense R&D. | | | |
| .Most'of defense related R&Diis'funded oy government and
undertaken by business firms. While space and industrial policy

. R&D algo channels funds to.industry, defense R&D generally -
'aocounts'for the lion's share of government funding of industrial
' Nfesearch. Table II presents data on the share of total.R&D_done

by industry and the share of that financed by government,lin the
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' United States .

% of total
R&D ’
% Financed

by Govt.

' TABLE II

Industrial R&D Spending_'

1963

68.5a

57.6

United Kingdom o

$ of total

. R&D
% Pinanced
by Govt.

France
. %-0f total
R&D
$ Financed

Germany 7
% of total
R&D
% Financed
by Govt.

‘Japan
‘% -0of total -

R&D

%_Pinancédf-

by Govt.

a) 1964
b) 1968
c) 1972

da) 1979

e} 1978

Source: QECD

by Govt.

- 64.52
33.82
148.7

66.02

64.6

1967

66.80

_51.1

64.8

51.2
40.3

- 29.4

~ 67.0
17.4

62.5

!

1971

63.2¢
- 33.1€

56.2 -

31.5

- 67.4
- 18.2

. 66.5

2.0

1975 .

- 65,9 '_'
35.6

62.3

30.9

59.6
28.0

 66.5
17.9
§4.3
17

1980

68.8
31.8.

- 66.2%
29.2¢

'59,3_.
21.6

- 72.3
lB;Zd

65.39.
1.4
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United BStates

a) 1979

~'b} 1978

" Ind. Gov. Total
Elec. 1967 ~20.0 28.8 24.4
1975 20.9 30.4 21.8
1980 19 28 22
Chem. 1967 21.0 2.8 11.8
1975 21.4 3.2 14.6
1980 19 4 15
Mach. 1967 17.3 6.4 11.8
1975 21.8 6.7 18.7
1980 27 7 20
Air & 1967 14.5 56.8 .35.8
Space 1975 8.3 54.7 24.4
1980 9 52 23
- Other 1967 12.6 4.5 B.6
trans 1975 13.9% 4.1 10.4
1980 12
Baslc 1967 4.9 0.3 2.6
. metal ‘1976 4.5 0.3 . -3.2
19860 4
Chem-. 1967 5.1 0.3 . 2.
link 1975 - 4.4 0.5 3.
19880 ' 4
other 1967 4.6 0.1 2.3
manuf 1975 4.8 0.1 3.3
1980 S 3
Source: QECD
Except
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United Kingdom

Ind.'Gov, Total

22.3

20.5

18P

. 21.0

29.5
30P
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24.1

26,0
265

14.7
19.7
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11.8
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.
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for 1980, numbers taken from Table
* Included in "Other

| TABLE III

Sectoral Division of R&D Punding

Ind., Gov., Total

22.17
27,0

228
27.4

26,1
264

7.7

)
108

8.0
6.6
102

13,7
15.9

IT of Technical ﬁhanss and Economic Policy, OECD, 1980.
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24.6
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26
19,0

19.2
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5.2
10
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20.2
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Gt

‘Pefence

Space

Civil aeronautice

Industrial growth n.e.c.

Agriculture

. Production of energy
fTrnnnport.'telecnn-uaicationl
‘.Hrbln‘cnd rural planning

Earth and Atmoupheme

Henlth and welfare

Advancanﬁnt of knowledge
n.e.c.

. Totnl-specified R&D

Funding

Rough OECD estimate. '

- - )

TABLE IV

Public R&D Spending, by Objective
United States United Kingdom  France Germany Japan®

1971 1975 1980 1971® 1975 1980 1971%:¢ 1975 1980 1971b 1975 1980 . 1975 1979

522 50.8  47.0°  46.2 52.9 594  38.0 326 409 213 17.6 182 38 36
1920 K45 144 1.9 2.5 2.3° 7.0 6.4 5.0 9.4 6.8 60 i1.8 9.3
3 16 16 165 82 34 7.0 67 24 3.6 2.6 23 - -
0.6 04 04 46 3.0 34 70 8.9 7.6 8.6 80 117 1.7 13.9
1.9 2.2 2.2 2.9 48 45 4.0 42 43 3.0 3.0 2.6 222 184
3.6 7. 18 7.5 7. 7.3 8.0 9.4 8.5 1646 168 200 12.8 17.8
16 1.8 10 09 07 07 60 3.2 32 09 23 2.9 32 2.2
04 05 0.4 1.2 17 11 6.0 1.6 1.8 0.8 1.8 20 1.0 1.9
15 200 20 0.3 0.8 0.9 6.0 3.3 33 23 28 3.9 L4 1.9
122 148 152 28 Ad 3.9 0 40 6.5 7.6 11.6 145 1.9 9.7 8.

3.3 43 3.9 17.2 14.1 130 1§.o 17,0 15.2 22,0 22,7 20.2 2.8 2.5
: . _ K S 13.6% 20.2¢

106.0 100.0 100.0 . 100.0'100;0 i00.0 1600 100.0 100.0 100.0 100.0 100.0 -100.8 100.0

Government .intramursl only, except for Advancement of Enowledge and Industrial Development.
Not strictly comparable with folloulng years.

Excludes publlc genéral unxvar:lty funds throughout and also excludes basic research auppurted by US Iisllnn-orlented

“adjusted” US figure might be about 15 per cent in 1980.

. 3

Source: og

Total university receipts from government for specified projactl includiag those for other objectlvel.

“Numbers tlhen from Table 9.2 of Chriltophet Freeman Ihg Eggngg;_; of _gﬁnggzigl lnngxggigg (2nd Bdition) Frances Pini
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~analysis is_conducted_et a quite gross level, and Qiminish

'somewhat when'the-enelyeis is more detailed and microscopically.

focused

' Cross country analysis of the relatlonship between publlc and
private R&D spending, and growth‘of labor.productlvrty or_tote;,

factor productivity, is delicate and tricky. Simple regressions

' are not lz.kely to tell us much. In the first place, the United

States, unt11 recently the clear leader ln both total and. publlc

.R&D as a fraction of GNP, was also by far thencountry with the

highest labor.productivrty and per capita income.. It is elso
apparent.that in most'industries u.s. tedhnoloqy was in the

forefront. Thus other countrles ‘had the advantage of being able

- to learn from the U.S. For a count_ry trying to play catch up, a_

11ttle R&D may go a long way, and the level of educational
atteinment and the rate of physical investment;may he_thenmorer
1mportant driving varlables. ‘ | .

| Thus Japan, 1n1tlally the laggard of the group in terms of |

product1v1ty levels, has experlenced by far the most rapld growth

.of product;vrty. Until recently she has not spent much on R&D,
.but her rate of capital growth has been much faster than the other
_countrles ;n the compar;son group. Sane the early 19603 she has
_stood high'in_the_groug.in average years of educatlonal
'attainmentrof her.work force. However, glven her 1n1t1a1 low
 _start, desplte her rapld growth rate, by 1980 Japan Stlll lagged
Germany and France, as well as the U.S., in average product1v1ty

" and income,
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. some treatments government R&D and private R&D are treated as
' having independent effects upon the rate of growth of

=productivity.f In other studies government flnanced R&D is

. treated as enhanc;ng the effect1Veness of prlvately financed R&D-_.

Virtually all of the studies which treated public and prlvate R&D

as if thELI effects were 1ndependent found that, while the N

influence of prlvate R&D on growth of total.factor_productzvity
was large and statistically significant; the estimated effect of
government R&D was negllgible and 1n81gn1f1cant The- studies
using a format wh;ch assumes 1nteract10n have been yieldlng mlxed_
results.6 _ _

It obvzously is 1mportant to ga1n an understandlng of the

routes through Whlch government flnanced R&D 1nfluences_‘

_ technologzcal advance. It is unllkely that the paths are the

same in all 1ndustr1es, and 1t may be w:.se to dlstlngulsh among
different klnds of R&aD support. Thus government support of R&D
on agriculture'is'different_in“form andipurpose than government_
support of.R&D on a new nissile._ It also'seems important to be

sensitive to measurement problems. Much of government financed |

- R&D goes to defense or space (or to health) and results in

radlcal ly new products. It is not easy even to specify :jt:ls_tho_ww

‘"output"Should be measured in the relevant industries so'that.

-technological advances can be characterized as enhancing

"productivity', and it is apparent-that actual productivity"

- measures are hopelessly lnadequate for getting at the 1mpact of -
such technolog;cal advances. Moreover, the statlstlcal analyses

- that have been done thus far beg the question raised above -~
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Thls brief survey of quantltatlve resea:ch reveals both the
diff;cultles and the promlse of this line of work on the questzon-
of the eff1c1ency of governmental R&D support. _Cross country,‘or
cross industry, studies havehnot yet been dohe #ith sufricient
l'care and_deiicacy'regardiug'measurement and specificatiou to'iend
fconfidence’to the-quanitatiue results;b.Theidetaiied microscopic
case- studies are more persuasive, but descrlbe only a few small
' pieces of the terra:.n, and it is hard to tell J.f they are |
representative.' Increas;ng the number of careful quantltatlve
'case studies will prov;de both a better check on |
representativeness,'and help to 1nform efforts at more
macroscopic analyszs negardlng measurement and spec1f1cation.-
Some of the qualztative ‘case studles in Sectlon IV and Vv also _

mlght help in this regard.
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During the heyday of the fifties and early 51xt1es, American-

economic predominance often was characterrzed in two different.

' dimens;ons. One was 1n terms of hlgher product1v1ty levels, in |
the economy as a*whole, or in certaln broad sectors of it llke
manufacturlng, or in partlcular lndustrres llke aircraft
_productlon.r The other_wasﬂrn'terms of more.narrowly defined.
technological competences, as ability topproduce the.most
- adranced semi-conductor or aircraft, significantly before other
countries.._By 1980 the U.S. lead had eroded in both dimensions.
Several‘other countriesahad crept closewto the United States'in'
average worker product1v1ty in manufacturlng and, glven the "
vagaries of the lnternatlonal productivxty comparlsons,
Sw;tzerland, 5weden, and Germany. probably should be regarded as
now v1rtually even with the Unlted States. The Unlted States had
lost its lead in most areas of consumer goods electronlcs to
Japanese fzrms. " But at the high end of high tech spectrum -
c1v11 alrcraft, computers, and seml-conductors -- American
companles generally contlnue to be world leaders. In all of"
these areas we remaln, by far, the 1argest produoer, and the
largest net exporter. This in splte of the fact that, in the
ﬁv1ew of Baranson and Malmgren, and Magaziner and Rerch, theILS.
ha_‘s not had a coherent policy in support of its high technolog_yr '
_industries, while.severa; of the European eountries; and Japanrr_
have developed such pollc1es._ul B |
|  But this proposrtlon again flags the problem of ldentlfylng

'what is an lndustrlal policy, and what ls_another k;nd of policy.
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It also should be no_ted.that, since the late 19th c:en,tury-.,_
the Department of'Agriculture has been supporting research'and

development relevant to far,ming. _ 'Farming was not then a "high.

'technology"industry. However, by World War II American farming
'was becoming such, and the embarrassing productive success of

. American agriculture in the post-war era must be ascribed, in

ood part, to the effectiveness of what is probably the longest
lived program of government support of R&D relevant to an

industry s technologies, for economic purposes. . Also,_the o

| National Institutel of Health, which sponsor basic and generic.

research relevant to health and medicine, came into existence'

before World War II. The NIH system, in the. post-war era, has .

"provided s:gnificant support to our pharmaceutical industry,

_through the baszc research and training of scientists it has

prov1ded. It might be noted, however, that srnce the late 19605

federal support_of science and engineering_educat;on in the

‘United States has fallen off, at the same time government support

has increased in Japan and the Federal Republic,

World War II and its immediate aftermath. brought several _

'important additions to the scene. First, with the establishment
of the National_Science_Foundation,Vthe Federal government took
ion acknovledged responsibility for the funding of basic
'sc1ent1f1c research in the United States, at least that

~undertaken at unlver31t1es, and for providing encouragement and

support for the trainlng_of sc1ent1sts_and engineers. :Second,

while prior to World War IT defense R&D support and other means

'of_encouraging_enhancement_of technological capability in the
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did mount a proqram of government support for the development of

a supersonic transport This expensive abort will be discussed

later. During the Carter Administration a Domestic Policy Review

_waslorganized with the purpose of identifying government policies

that could help spur industrial innovation. .That discussion also

did not get very far, and the proposale that did emanate from it

were, in effect, 'zeroed“”ﬁhen the-Reagan-Administration_oame'to

pover.
Now the discuséion_is_mounting again. I turn now to consider

the European, and next the Japanese, experiences with active

industrial policies, as they can be described at this_broad_level

- of discourse. -

Ih.eﬂnmo.eenﬂxnmenselo

As mlght be expected, the European experience dlffers
_cons;derably from country to country. I will use France as a
benon mark, and then discuse policies in Great-Britain and West .
Gernnny; | |

“EFrance. French attitudes and expectations about the

- appropriate economic role of the government, and of the

relationships between government and bosiness,.of course differ
significantly'from the American. The tradition_of.afStrong_oivil-

service actively engaged in encouraging, protectingy_and

. subsidizing, particular enterprises goes back to the Bonrbons.f_”_

It was not unnatural, therefore, for the French to assume that

the government should play a major role in guiding industrialf

‘redevelopment after World War II.
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.,the telephone system, the railroads, and the alrllnes, whlch in
'the United States are prlvate but regulated, are nationallzed
This naturally gave to the French government a broad range of
‘markets that could be guaranteed todFrench firms, although the
individual public agencies night balk and.claim independence.

The French'aISO engaged in selected intervention in.industrial
structures. Indeed the French government has been tlnkering with

a structure of 1ts electronlcs 1ndustry, and 1ts steel lndustry,

_v1rtually incessantly since the end of World War II.

‘Since the 19503 the French have been especlally concerned

- about the adequacy of thelr hlgh technology 1ndustr1es. From

early in the post-war perlod, French nat;onal securlty objectlves
have 1ncluded not only a formldable m111tary capablllty, but also
the ablllty to preserve or bulld that capabrllty 1ndependently of
constraints that might be 1a1d down by Amerlcans. Thls led
'_France ‘to rebuild her alrcraft deszgn and productlon
'capabllltles, alcng w1th the assoc1ated electronlcs, and 1nto
nuclear weaponry, w1th reactor de51gn a by-product All of the
standard French rnstruments of lndustrlal policy were used to
build and support these 1ndustr1es - procurement and protectlon,
sub31dlzed 1nvestment - and in these 1nstances heavy R&D
support. | . o

Whlle I will reserve more detalled dlSCuSSlOn untll the
~ following sub- section, French pollcy w1th respect to her computer
Jlndustry is an archtyplcal case. Current pollc1es clearly show
_ their orlglns in French frustratlon at the refusa1 of the U. s”

_1n 1963, to sell France a large computer needed for 1ts nuclear
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make quite detailed decisions-about what fields of technology to .
push, and.even about what particular designs to develop. Later I .
will summariz@.#ome case study evidence bearing on the
effegtiveness of French policies. | | - |

Britain. Pe:hap$ Britain can best be understood as a mixture
" of Americén and French elements. 1Like the United States, and
unlike the French, the British heritage is not congenial to
government plahning or direction of economic activity. Like:both
the United States and.France, Britain“came out of World War II
with a commitment to méihtain a strong defense establishment. .
And like Prance and unlike the United States, the British
suffered from a sense of edonomic_inferiority,_:elative first to
" the United States, and later to a number of other countries. The
' cd%ﬁitment to an adequate defense capability, together with
C§£éern about economic backwardness, has led Britain into
periodic flirtations_with various industrial policies, but in
.coﬁtrast with the French, the British always seem to have been of
twésminds about these. | ” |

© Like the.French, the industrial poliéies of Britain have,
thréughout the post-war éra; been strongly intg;twined Qi;h
national security poiiciés. Indegd, even more than.in France,
the vést bulk of gdvefnmenﬁ indﬁstrial R&D'suppo;t comes_frpm the
defense bﬁdget. In the fields of nuclear éoﬁer, and comme;pi;l
aircraft, the British govérnment, as the Frehch, has.beep -
strohgly directive, as well as the principal_sou:ce_qf funding.
The British reactor program is generally regarded as'gn.expeqsive

- failure. While there are a few exceptions, virtually all the o
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World war I, several English statesmen called attention to the

. fact that Britain had lost, or was losing, her technblogical

leadership ip;most'industries to the United States, or Germany..
As one means to get back into the.réce, a system of cooperative
research associations was established with government providing a

significant share of the initial monies. Britain long has had a

';qollection of national laboratories and research centers. The =
- National Research and Development Corporation, established in -

1949, almed to help commerc1alize inventions that came out of

L“ﬂ)

Vthat_network. ' There h@xv= been a parade of ministries charged

with beefing up the commgrcial‘technological'prowess"qf B:itiéh _
industry. |

As part and parcel of long standlng concerns about British
technologlcal backwardness, the British educational system

perlodically has been discussed, as a part of the problem. It

_oftegrhas been noted that, compared with the_American_and German,

and now the Japanese, educational systems, the British system

turns out very few engineers. There have beén several attempts

‘at reform, each of which led to frustrated resignation. .

In summary, the right word to describe British policies -
probably is schizophrenic. On the one hand, there is a long
standing bias against detailed-government.involvement in guiding

the civilian economy. On the other hand, the'British government -

“has taken a very active and directive role in nuclear power and .

- civil aviation.

Hest Germany. German post World War II policies in support

of high technology industries differ significantly from those of.
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a sense for regional economic problems and has mounted a variety of
policies to help redevelop-regions that appear to be ih trouble.

There has been a signlficant program in support of power

reactors. More recently the government has consczously provided
special R&D support‘to,the competer and:sem;~condqotor ‘
‘industries. The Germans participate in the Airbus project. But.
certainly in comparison with Fpance; Germany has done far less of
:picking particular indust;ies for_Special government |
encouragement and suppo:t, |

Her t;aditional policies of strong support of scientific and
ﬁechnical_education and research have been_sustained,Vhowever..
.From the days of Frederick the Great, Prussian, later German,
goverqmenﬁs have_strongly_supported“scientific_and Eechnical,"
educeﬁion. Originally, the motivation was to.esteblish a cadre
of civilien and military government officials that could lead
.Germany out of economlc and technologlcal backwardness. By'the
mid 19th century Germany was strong, even leadlng, in a number of
fields of science, principelly_those connected with chemistry.
.'The government activeiy encourage& consultation betﬁeen German
' academic scientists, and the newly founded science bgsed_
.coﬁpanies. ‘In the late 19th and early 20th oentury,.govefnment
funds.helped to establish and sustain.a-number-of laboratories
concerned with applied R&D as well as_thejbasic eciences; Meny‘
~ scholars have attributed Germany's rise_aspan economic and :
: technological power, during the last part of the 19th centory, to,
the effedtipeness of those policies, By the 1920s and 1930s,

German industry‘had clearly established a position as a world
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~Jap§nesg, the Germans have not tried to provide a protectedr

domestic market for’their firms. Also, the-extént to which

particular industries are targeted fbr'general investment support

‘would appear to be much less in Germany than in Japan.

For all the current hullabaloo, it should be recognized that
Western interest in.Japanese indﬁstrial=policies is of reiatively
recent origin. It was only in the late 1960s that politicians,
and scholars, began to take Japan serlously as a major 1ndustr1a1

power capable of produclng sophisticated products. Japanesez

- textiles were one thing, -But.the ability of Japanese'firms.tov

_ ta&e'large shares of the American market for steel, television -

sets, and automobiles, caused us to stand up and take note, and
ask what were the sources of the "Japanese miracle”.

:-Some economists writing on that question proposed that it was

not-all that mysterious. Japan was a pretty sophisticated .

industrial power prior to World War II, and during the war

demonstrated impressive technological capabilities., She came out

‘of the war destitute, but since 1950 had been able to achie\ie :

investment rates significantIY;higher than Germany and_France,
P _ . _

- and far higher than the United States and Britain. The

educational attainments of the Japanese work force, prior to .

" World War 1I, were close to-European standards, Since World War.

' II the Japanese educatlonal mill has ground on at a furious rate

and, by the middle 1970s, was turning out SLgnlflcantly more.

-engineers per capita than the United States, or the majqr
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‘the late 1930s and through World War II. The current broad

" large extent, by the desire t0'achieve a strong independent

have_focused almostly completely on econbmic ends, although Japan

‘has gradually developed.along the way an ability to design and

|
industrial policies of Japan have a long history.
The post World War II era‘is different, however, in that'the

earlier era of Japanese industrial development-was driven, to a -

military capability. Since the war Japanesé»industrial pelicies

produce aircraft,_rockets, and the asseciated electronics. In
this way, Japan is Quite like Germany. It is interesting that
when, after the war, Germany dropped her military ambitions, she
also dropped her directive industrial policies. Japan:abandened
the fdrmer but not the latter. | o |
Unlike the Prench, the Japanese appear never'to have been
fond of detaiied_éuantitative targets for investment and output

for'particuiar industries. But the Japanese have taken seriously

broad*"visions“ promulgated by MITI about the directions Japanese

: grthh“sught to take, and even about the specific industries that

ought to be stressed. A variety of instruments have been used to

‘help that vision take concrete shape. In the early post-war

years, MITI had control of access to foreign exchange and used
thlS control both to keep foreign products out of markets where
1t wanted to encourage Japanese 1ndustry, and to determine Wthh

Japanese lndustrles could import machlnery and 1ntermed1ate and

. raw materlals. Detailed import llcen51ng was gradually abandoned

during the 19603 after Japan joined GATT, but MITI has retalned
power to keep out foreign-goods in selected f:.elds, and has used

it. MITI also has had the authority to keep forelgn flrms from
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 Japanese, including Japanese businessmen, that government

: leadershipiis not only_legitimate.but degsirable, even necessary,

if Japan is to prosper, although there is occasional strong

res:.stance .

Our particular interest here is in high technology

- industries. In the late 1960s and early 19708 MITI began to put
forth a vision of the Japanese economic future which placed heavy

'emphasis_on the knowledge intensive industries. The new vision

forecasted a gradual shifting in industrial emphasis away from
shipbuilding, steel, and automcbiles -~ which had been the |

industries stressed during the 19608 -- and into consumer

':electronics, semi-conductors, computers, and telecommunications.

Japanese prowees in consumer electronics wae already present and
v1s;ble at that time. The policies in supoort of high technology
industries have involved the same blend of 1nstruments used to
further industries in the earlier era -- initial protection of
the home market, keeping foreign firms out of Japan, assistance
1n_learning about and gaining access to foreign technologies, |
favored access to credit, some efforts to mold the structure of
the Japanese industry in a natter better guited to MITI's

likings, and various endeavors to influence investments so as to

" take advantage of opportunities for cooperation, and to avoid

what appeared to be likely wasteful duplications. What seems

special'about Japanese policies toward their high technology

"industries is that MITI has played an active role in funding and

' orchestrating various large scale cooperative research efforts
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Section V: Electronics, Aircraft, and Power'ﬁeactors‘

The,foregoing discussion'of governmenthpolicies was broad and
sketchy, This seens innate in efforts to describe a country's
policies in a general uay. While I could have provided.more :
detail,land'many of the studies.from which I havepdrawn'do,_r'
presentation of such oetail inevitablj reveaIS'that'policies have
- varied from sector to sector, and even from program to program.
Relatively detailed case studies of industries and programs,
‘therefore, seem useful in providing another view of industriai
policies. | _. |

Case study ev1dence has the liability of being piecemeal,
scattered, and perhaps not representative. Also, in my view at.
least, only a few of the available case studies present enough
detail so that one is confident that the picture being drawn is |
tolerably reliable, The advantage_of.good case.studies is that
they show.more detail, 8o that one can hegin to assess_what
particular policies aotually were, and the impact they_hadi
| Where.detailed studies exist of different national‘policies in
the same industry, one can begin to hazard analysis of what works
and what doesn't and.why. | _

7. There are available case studies, of'uneven detail and
reliability, of the American, European, and Japanese, experience
| in semi—conductors and computers, aircraft, and nuclear power.
_.Continuing in the spirit of comparative analysis,.below I attempt

to sketch the similarities and differences in these experiences,
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_Department-of Defense .very quickly understood_the potentials of

© the new technology for military hardware. There was considerable

E w1111ngness on the part of the Department of Defense to buy new

products whlch met its needs. Mlnlaturlzatlon of electrical

*
AN

R&D support, but perhaps even more 1mportant there was a clear

Cl!CUltS clearly was an meortant goal. It is lnterestlng that

the- partlcular R&D pro;ects financed by the government almed _

°toward meetlng thls need turned out to be fallures. The work

that 1ed to 1ntegrated circults was not dlrectly flnanced by the
government. However that work was undertaken w1th the clear

understandlng that, if it were successful, there would be a

'_-maSSLve government market As w1th the case of computers,

government support was mot;vated by a procurement 1nterest, not

' any lnterest in establlshlng an lndustry that would be a natlonal

economlc asset Yet, as w1th the case of computers, the latter
was one of the results. |

It is 1mportant to note that the U:S Department of Defense,

- and NASA, stood ready to buy seml—conductors from any flrm that

- prov1ded a superlor des;gn._ The key 1ntegrated c1rcu1t
”1nnovatlon, and the development of the planar process that turned
out to be by far the best one for maklng 1ntegrated c1rcu1ts,

came not from flrms that had a long track record in electronlcs,

but from flrms that were quite new to the game. Prior to the
Lntegrated clrcult, whlle DOD 1nterest 1n seml—conductor was

strong, thzs was largely 1n ant1c1pat10n of the advantages that _

improved seml—conductors could lend. When the 1ntegrated c1rcu1t

- became available, both the DOD and NASA made critical dec151ons
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A numbér_of observers have questioned whether defense, 'and

~ space, R&D programs still_have'the potential of pulling qivilian

technology in their wake, Thus executives of several semi~
conduqtor companies remarked, when The Department of Defense's
recent Ve:y High'Speed_Integrated_Ci:cuit program was mounted,'

that that program would likely divert resources from the kind of

efforts needed to keep U.S. firms in the technological forefronts.

- relevant to commercial, principally computer related, markets.

Others have argued that the fear is misplaced, and that the VHSIC
program is stretching the state of the art sufficiently, in

b:oadlf'rélevant directions, so that involvement is likelyftb

_-  help a company in‘commercialumarkets'as well as in the defense
 market. I shall return to this discussion of the role'of the DOD

-later in this paper. It is an impq:tant:part of the debate gbout

whether the U.S. needs an express indust:ial_pqlicy.
The U.K. Although the funds_have been modest and the

ambitions restrained compared with the U.S., Britain has invested

non-trivial amounts of public funds in procurement related R&D in

cpmpute;s and semi-conductors.13 Britain also has funded R&D
with the express objective of boqsting_commergial competence of

these industries. ' Despite_the_rhétorical objective, it appéars '

'that explicit assessment of éomme:cia; promise has played little

"role in the allocation of these monies. The'British_gove;nment-

also has involved itself in attempting to rationalize her

' computer and semi-conductor induétries with the rationale of

enhancing competitive capabilities. International Computer:

Limited was formed under government guidance. In the late 1970s

- the National Enterprise Board helped to establish and support
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_objectrves, and French pride, requlred that French companles try

to match the Amerlcans where the latter were strongest Publlc

R&D support programs, allegedly commercial as well as mzlltary,

have been quite directive. And company proposed projects have
been judged on the basis of how they fit government, not |

necessarily commercial, objectives. Thus the French companies ‘

- could not hunt for commercial niches whlch could be developed |

into areas of ma]or commerczal strength

While 2ysman does not stress the fact,Jles clear that the

French would have liked to have developed their 1ndustry by

prov1d1ng a protected home c1v111an market, as well as a -
procurement market And she has tried; general protectlon has |
been a hallmark of French pollcy in support of her electronlcs
1ndustry. However, the French 1nterest in developlng a unlquely
French lndustry has been stymled by two factors. The frrst is
that the lncentlves built into the French programs led to some
major ten31ons. As a prominent instance, CII, the subsidized

computer company, resisted buying semi-conductors from Sescosem,_

- the subsidized semi-conductor company, and rather bought from

American firms that were producing more advanced products.

- Similarly, the French telecommunications companies had incentive

to buy their lnputs not from French companies but from Amerlcan.
Second, there always has been a problem about what bemg a

"French” company meant.' Recall the episocde regarding Machines

“Bull. More generally, the strongest computer_and semi-conductor

firms in France have been branches of American, and Dutch,
companies. The French have found this extremely frustrating.
During the 1970s, French policy shifted from trying_to establish
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is interesting, also, that the major areas of commercial _Success
. jof the German industries have not been ones where they have had
to confront direotly the most advanced American produots;‘but
rather in producer goods.electronics, Philips, the Detoh hasedﬂl

international firm, also has done reasonably well in a niche-

"consumer'goods electronics, at least up to recently.

'Janan. Like the German and unlike the French, Japanese
.policzes have not been driven by an 1nterest in the capability to
produce weaponry, but rather by the desire to establish a
oommercially'profitable industry314 Since Japanese success inj
eiectronics is perhaps ‘the most often cited example of successful
_Qovernment policies in support of'high teohnology industries,_it
'1s worthwhile to discuss this experience in some detail h

| The rapid takeover of the American color telev1s1on market by
-Japanese manufacturers in the 1ate 1960s came as a shock to many
Americans, and was, rightly, w1dely regarded as an 1ndicator that -
American preemlnence in consumer electronics was under threat. |
It should be noted, however, that thlS eplsode followed earlier
Japanese successes in capturing a large share of the American
market for transistor radios,'and later, blact and white
television sets. The datafshow that by lBGO;IJapan was employing
many more semieoonductors than any Enropean country, including |
France and Britain,_despite the absence of any majorﬂmilitary
procurement program. §o, when the Japanese began to go 1nto
.oolor teievision, it was from a base of conszderable experlence
.in consumer good electronics. By far the largest market_for
Japanese made television sets was the'protected home market,_and

the earlier Japanese sets were designed with that market in mind.
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telecommunication uses, and a more broadly oriented program

:sponsored by MITi_tq bring Japanese companies to the forefront of -

semi-conductor technology relevant to computers. The letter
involved sevéial corporative research laboratories, staffed by -

scientists and engineers drawn from the involved companies, with

“;he funding shared between the companies and MITI. This program,

'as the earlier one directed toward'color.telévision technology,.

was largely generic in nature. While a_large'number of patents

came from that program, the basic purpose and result of the.

.program was to bring Japanese companies up to the state of thef_

art along a rather wide front. However, while MITI did not

- attempt to push particular commercial product developments, the

projects were carefully chosen for thgir.likely”commercial

re%gvancé. - Conmpanies whose personngl gngaged‘in_a particulaf

successful project got a definite 1eg'up toward a commercial

design advantage. - | | |
.;A_The involved_éompanies felt this_ve;y much. This led, onJ '

the one hand, to restrictions on the program to stay away from

-areas where particular companies already had a proprietary
'interest,-andiqn the other, to jealousies among the companies
~regarding the projects they were assigned to work on. Apparen:;y

. it took strong and subtle leadership to hold the program

together. Analysts diverge.on_how'important_they think the

 program was in bringing Japanese semi-conductor capability'up_tq
‘the frontiers. Certainly the funds were small relative to those

involved in the in-house efforts of the Japanese firms. Bu:_the

program is regarded by some observers as having'played.an”_

important catalytic role.
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-rivalrous firms. Mére recent Japanese programs have stressed.
more basic and generic research. Unlike the earlier program, the
~ fourth and figth_generation computef programs do not appear to |
. involve particular companies in commitments regarding the nature.
of the computers they ultimately will design and market. _

Peck (1983) notes the comprehensiveneSS'of the fourth and fifth
‘generation programs. They clearly arerdesigned-tO'aeveLOp-the+
capabilities of the major Japanese computer manufacturers to move
lin a va:iety Qf possible directions, ﬁs-ﬁhe technologies develqp'
and the natureaéf the markets becomes clearer. As with the N
-_ea;lier MITI B&D.suppo:t programs,. the public money invpl@ed is
'very,.;smal.l:compared, say, with the_fu_n_ds thé DOD put into the
U.S. induétry:in the 1950s and 1960s. The funds are smal1
'compared with the proprietary.research-funded,by'the-Japanese“
 compﬁ£er;ccmpanies. What MITI appears to be trying to do is not
-direét the coﬁmercial developments'of computers-in'Japan,'buﬁ‘to -
see to it that the Japanese compan;es have the technological
:capabllltles to compete with IBM and the other major Wéstern -
companies in‘deszgnlng and,developlng the~next-generatlon of_
bomputers.

~As earller was the case in theljs., a dynamic computer
' industry increasingly is prov1d1ng-a-market inducing
technological advance in semi-conductors, principally integpgted
“circuits. Unlike'the‘case in.France; in Japan«the computer
"manufacturers buy largely Japanese made integrated circuits.
This certéinly is partly due to the fact that the large computer
manufacturers ére also the ?roducers~of semi~conductors, But it

also is the result of strong MITI urging.
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By the late 1930s NACA began to concentrate more speclfically
on problems of spec1al xnterest to ‘the mllltary, and the £low of
¢ivilian beneﬁits diminished. After World War II, much of the_
"generic research” mlssion which had been shouldered by NACA was
- shifted to the aircraft_companies through DOD contracts
explicitly with them. By the late 1950s NACA had been
'transformed into NASA and the orientation:shifted largely towards
space. | .
| While technology relevant to mllltary and commercial alrcraft
always have d;ffered in 1mportant respects, until 1970 or so
there was cons1derable overlap. Durlng the post World War 11
era, deslgn and procurement of a new alrcraft, or a new englne,
for military use often has led the advance of technology, Wlth .
.c1v11 technology following., As noted, the American post-war
preemlnence in the commerclal aircraft business arose dlrectly
1out of mllltary research and development and procurement
’contracts. The Boelng 707 was de51gned in parallel with a plane
bought by the Air Force,_andrhad many design elementslln‘common,
' The American wide—bodied jets show their origins in military

_cargo planes and the englnes that powered them. Until the
‘.supersonlc transport episode, whlch I shall discuss later,lthere.
- were no programs of the U.S. government aimed expressly to help
in the development of commercial airliners, nor was there any
Ppressure for soch'from the ‘major aircraft producers.

| Eu:gpg.. The sltuatlon in- Br1ta1n and France has been qu1te
different In Brltaln, durlng World War II, a relatlvely

expllclt government plan was drawn up for post war support of the
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- engine manufacturing industries, and through mergers reduced

'significantly the number of independent companies.f The

government hoped thereby not only to better exploit economies of

_scale, but also to reduce pressures on it to sponsor so many _

'pro;ects in order to keep the many compan;es employed. At the

same time the government:changed its method of financing,
becoming a formal business partner in the development of
aircraft, expecting to share in the profits as well as share in
the costs. As noted, there were no profits to.share. And the .

losses of the airlines, as well as the companies, had to be .

picked up by the'Treasury.

In the mlddle 1960s, partly in response to the. f1nanc1a1

_losses being accrued, a commlttee was formed, headed by Lord

Plowden, to consider the future place and organxzatron-of the
British aviation industry. One of the committee's most important
recommendatlons was that future. efforts should be focused. on

collaboratlve efforts w1th other European countries. It already

. was clear that one on901ng such effort -- the Anglo-French
Concorde -~ was likely to be a financial albatross. However, the

logic of the Plowden recommendation seems to have persuaded the

British government that attempts'to develop'a_purelyrnational

industry through subsidization and a guaranteed home market were
~extremely expensive and ultimately futile,_and foreshadowed

. several cooperative ventures du:ing_the 19703,_notably Airbus.

The French story has some similar and some different aspects.

There has been subsidy'end_government_direction of qivil eircraft

development, end e_built-in home market_inuthe Erench‘eirldnes,u
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 sensitive those markets would be to price. Ndr'wasuthe: |
experience in military R&D heeded -- that the cost-of.éentureé
aiming for a radical advance in technqldgylténds to be'greatly-
undérestimated. The oziginal_$450 million éstimate_for
develdpment costs proved low by a factor of ten.- Chiy the
- captive French and British airlines could be.forcéd to accept
delivery of the Concorde when it ﬁas finaily ready for commercial
operation in 1976, and both governments have had tb subsidizé thg_
operation of the plane. Production'Wés terminated in 1979. Only
16 ai:draft were produced. |

The United States government also was drawn, orajuhped, into
 subsidy and direction of a supersonic transport project. The
[Lsfgeffort, which was begun several years after the_Eurbpean.‘
-efflp,;:._.t. was launched, was a direct response to it, as well as a -
‘desire to exploit expectéd "spiilover' from the development. of

the B=70 stratégic bomber prototype.  -Instead of the normal

procgdure'in the development of specifications for a .new
commercial aircraft,_in‘which there is significant interaction
‘between the airlines and the company qonsideting the venture, in
this case the lead goverﬁment agency —- The.Féderal Aviation .
Administration -—- stipulated the"performance~requirements; with
not much consultation with the airlines. Boeing won the contract
competition, _Serious'technical_prqblems (the original design
vprbved infeasible), cost escalation, and opposition from
‘environmental.groups, led to the program's demise in 1971. . The
_experience with Concorde suggests the U.S. was lucky that the

program never achieved a technically viable aircraft.
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Qtiginal_partnets were Dentsche Airbus, and Aerospatiale, Later
.the state owned Spanish airetaft firm joined the group. The.
British firm Hawker-Siddeley.invested.itseown money as a .
subcontraetot. “In 1979, as the prospects for Airbus brightened,
.the B:itish government again joined the group of participants..
The:e were,_ana.a;e,_certain important featu:esrof the
governance of Airbus Industrie. The top management of the
involved firms has the authority to define both technical and
" marketing objeetives for the ptoject. While the participating -
governments neld the purse strings, and thus-ultimately can veto
decisions, government officials do'not_beeome directly involved
in formuleting'design or marketing proposals. The_top:executives
alseinaye the_anthority over'edministtation,.and_thus control how
the decisions are,impleﬁented-' The contrast with Concorde or the |
SST program is.drametic;
,Despite a design'apparently well aimed for a market niche,

(actually, by the late 1970s two designs) and desplte a promlslng

<;;nagement system, during most of the 1970s the financial
prospecte for Airbus seemed dim. Through the late 19703 orders-
for Airbus were slim compared with those for the Lockheed.and
‘McDonnell-Douglas planes. Beginning in 1979 Airbus ordere began
to pick up dramatically., While it'ie_etill to early to tell if |

the consortium will make a profit, its planes have sold better .

_.than any other European-designed airliner ever made.

The fierce competition'among the Airbus cdnsortium, Lockheed

with its L-1011, and McDonnell-Douglas with its DC-10, for

roughly the same market reveals extremely sharply the conflictual
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 Nuclear Power!
In the fleld of nuclear power, the government of the United
States, as well as that of the magor European countries and
_ 'Japan, has spent enormous sums of money over a long periodof
| time with the ob3ect1ve of creatlng a commerclally v1able and
_Lnternationally competltlve power reactor 1ndustry. In all of -
these countrles a spec1a1 government agency has been charged
exp11c1tly wlth the ]ob of gu1d1ng reactor development, and in
several has done this J.n great detaxl In a sense the nuclear
energy programs of these countrles have much 1n common w1th what
- Some commentators have argued MITI is d01ng in JapaneSe |
electronics, but which we have seen they-are not. "While, by some
standards, the French and Japanese programs mlght be regarded as
reasonably successful, and the German one potentlally so, it 1s
| not at all clear that the rate of return on any of the programs .
has been p031t1ve, up to now. _

However, the 1ssues are compllcated and tangled. In.the
fJ.rst place, even more than J.n the case of av:.at:.on, or
electronzcs, polic;es in support of the development of.nuclear:
power technologles have been:tightly intertwined with explicit '

| ‘national security objectives, at least in the United*Sta‘tes,

Britain, and'France. Second, in the early days of atomlc power,
concerns about env;ronmental zmpact, and safety,‘were muted _As
rfthese concerns became better artlculated, and represented in the
polltlcal_process, new de31gn requ1rements and more strlngent |
_ licensing_requirements were imposed. The f1nanc1al costs of

nuclear power thus were significantly lncreased. Further, at
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and built quickly, which marked the Eisenhower speech, and also
.reflected the views of the Atomic Energy COmmiSSion,_meant that
the bulk of attention was focused on the light water reactors for
‘which some experience had been accumulated in the naval. programs.

_ Light water reactors used enriched uranium as a fuel, but the

'.S. had ample enrichment plant capacity, built in support of the
, nuclear weapons programs. _

The major companies that got into the buSiness of deSigning
:and producing reactors, and the utilities, were bullish about the
prospects and invested significant amounts of their own money. .
The PricefAnderson Act of 1957 limited_the liability.of utilities "'w
in the case of nuclear accident. The Atomic Energy Commission : | -
lsuppOrted research,'offered some financial backing for |
experimental and demonstration plants, and, most importantly,,

_urged and pushed the companies and the utilities to get on WJ.th
the show. | _ ‘

It was apparent from the outset that, if nuclear power was to
be competitive Wlth conventional power, the plants would have to
be very large. Thus during the late 19505 the companies
committed themselves to produce, and utilities to buy, nuclear
fpower plants very much ‘larger than any that had been actually
built, and tested. In this era of_optimism very little attention
uas paid to'issues of reactor safety,'or to_the question of what |
to do with burned out fuel elements. - | L

The Shippingport demonstration plant went into operation in
1958, and was followed by the Yankee Nuclear Power Plant in 1961.
| Both of these plants were subSidized by the Atomic Energy

-CommiSSion, and operated at scales far smaller than the ones the
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nuclear plant costs associated wlth new environmental and safety :

requirements, and the now much more complicated and tzme-
consumrng regulatory process, deterred many utillties from takzng
~ the nuclear route., Aside from the bringing into operatlon a

number of plants whose constructlon started some time’ ago;
fnuclear power expansion in the United States has oome to
virtually a dead stop.

In the early 19608, on the belief that its first round
objeotives had been achieved, the Atomic Energthommission_
shifted its attention toward research and development on a
 breeder reactor. The case for therbreeder'reactor.rested, in;

large part, on forecasts that there would be'very considerable

growth during the last decades of the 20th century in the number

of reqular nuclear plants, and that supplies of uranium would

therefore relatively guickly become mined out., As with the case

of conventlonal reactors, the Atomlc Energy Commission relatzvely -

early in the game committed itself to a partrcular type - the
quuld metal fast breeder reactor. Considerable funds have gone
into research and development on this reactor, By the middle

1970s, however, sgkepticism began to be voiced strongly. In the

first place, projections of'growing'scaroity of uranium no longer

- seemed justified. In addition,-concern that'breeder reactors
" generated materials that could be used in bembs intensified. A
‘number of studies have shown that no economic case can be made -

forrgoing'ahead with at least this partiCular breeder reactor

orogram.' Nonetheless funds continued to go into the Clinch River

‘breeder reactor project. While the old'Atomic Energy Commission

had been dead for more than a decade, the political momentum of
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government,'end in part\because of a desire to stay with British
 fdeeigned“end built reactors, until very‘recenrlyfthe confiiots
- - have been_reeolved-in favorjof the AEA's designs}"There has been
a virtually endless tinkering with the structure of the reactor
industry, in hopeithatfreorganization‘there ﬁould'resolve'the
increasingly obvious shortcomings of the plants placed onnline.
'_Britainﬁs'reaotors have not found a market abroad and have -
:been employed_domestroelly only because the Eleotricity Board has

been, in effect, ordered to do so. In the late 1970s and early"

1980s this situation was reluctantly recognized at the top. Tne  |
power of the Atomic'Energy”Authority to dictate the path_of .
nuclear power derelopment in_Britain'apparentlf'has been.

| _ettenuated; | | | |

‘The French case has something in common with the British,

~although from the beginning the authority responsible for the R
nationalized power network;.Electricite' de France} has been a -
emore‘gffective counterweight to the Aﬁoﬁic Autﬁoritj}_then has
beenjrge caee in Britain, and the ?rench prograﬁ shifted

" orientation significantly before the British'did. “As it
gradually became more expert, EAdF became skeptical about the
economics of gas cooled graphite'moderated reaotors,'just ae.had
.'the British Central Electr1c1ty Generatlng Board | In the mlddle
19608 in France, as in Britazn, the central government o o
'authorrtles ruled for the atomic energy authorlty and agarnst the
"electricity authorlty when there were cases of confllct However

.- EdF was able to J_.tself fund work on lrght-water reac.tors, :and to

keep the ontions open. -By the early 19703,'with the pessing of'ﬁ
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| British and French experience, and to a lesser extent the U.S.,

- never took shape. in Germany.

After the war, for a period to time, Germany was expressly :

_pronrbited.from engaging in nuclear research activities, and only

in the 1950s 4id the constraints loosen,'and-theﬂuinistry_for,
Atomic Questions come to be formed. - Historically, the Linder
have had major responsibility.for funding research at the

unrvers;t;es and as Germany began to re-establlsh a nuclear :

.research capablllty, the responsibilities were not. centrallzed as
_they_were in other countries. Also, like the U.S., and unlike

- France and Britain, in Germany_electrioity production and

distribution is not centralized -- there are a number of .

independentnutilities - and cannot be directed from the capital.

The lsrger_German companies, principally‘siemensnand_AEG,.hads

been wetching reactor developments for some time, and when the_

German program got under way,uhad'some judgments of their own as

to the most promising roads to follow.
The programs of the federal government, therefore, must be

understood as, from the beginning, being only a.part of the

- action. There were a number of different sources of 1n1t1at1ve.__

In the late 19503 the federal government took steps. to .

coordlnate efforts and prov1de more central guldance. The

' sEltVLlle program, initiated in 1957, had the express aim of

helping German firms'develop capabilities to do more than simply

| copy foreign (generally American) designs. . The companies

received subsidies to work on designs they, as well as the

 funding authorities, deemed promising. In the late 1950s and

early 1960s, the Ministry‘attempted to lay out a comprehensive
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Less than a decade after Hiroshima and Nagasaki, government

"'“and industry leaders in Japan, encouraged by the Americans, bégan_'

- to lay'plans for the development of nuclear'powerm' After hawving-
briefly shown’én,interest_in.British gas cooled reactor designs,
the Jépanese fastened on American technology and adopted the
long-range plan for nuclear power development léid out,by_the
Americans. This meant light water reactors for the short and-
medium rnn, with an agcompanyinglcommitment to obtain enriched
.uraﬁiﬁﬁ, inc:easing'uée of fuel reprocessing, and ultimate |
adop#ion of a breeder reactor. This strateqgy has. been workéd.out.
and.implemented in Japan through_the.close qoope:ation of several
'indhst;ial and governmental bpdies.  The.kgy'actbrsrhavg been the
ﬁajor :egipnal elgctriq power cqmpaﬁies,_the_coﬁéénies that |
design and produce‘the reactors and their components, the science
and té#hnology agency which has had main responsibility for
managing nuclear R&D effort, and the Japan Atomic Energy
Commiééﬁpn. MITIis role has been mainly that of licensing,
'safeﬁyhfegulation, and plant inspection. Since71978, there has
been, és well, a Nuclear Safety Commission. |

'As_in the qthericountries, government p:ovided funds have
accounted'fdr the main share of nuglear basic and generic |
research énd gxperimehtal development., The companies and the
.utilities have paid for the production and implementation of
desighs that are regarded as relatively well worked out. The
'Japanese producers, as the Germans, relatively.quickly-méstered
‘American light water technology. By 1380 Japan was éecona only

to the United states in the amount of nuclear power on-line.
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citizen concerns involve both environmental issues ---in

particular shore-based reactors are feared to hurt Japanese

: fisheries - and safety ones. The nuclear accident that occurred’

_in one of Japan s reactors 1n 1981 has highlighted safety

problems and in Japan, as in the United States, gaining agreement

:'about the siting and design of a plant, its construction, and

final approval for operation, now is a very time consuming and

'costly business.
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have diminished, we still have;a.iarger-ratic-of:scientists{anda
engineers to the tetal_.-wo.tk force than any other coun_try_ in the-
non—communist;world. _Frcm.the;late 19th century cn, Germany has
been noted for the quality of her scientific and technical
education, and the skills of her work force, from scientist and
'engineer to technician and mechanic._ Japan's rapid surge toward'
the frontiers clearly was associated with the fact that a
remarkably large fraction of_her.populationqwas_getting-a.,_u
| technicaljeducation; Britain's decline relative to Germany and
theipniteﬂ_States,,and recently relativeitp.F:ance and Japan, -has
been a_t_trib_ut_ed by.ma_n-y observers as at least in part due to
weaknesses in the British educational structures.

I read the evidence as suggesting that the key is a sy-_st.'em of
- scientific and technical education that both trains well and
which 901nts a good fraction of graduates towards industrial
' careers, not necessarily preeminence in academic science. - These.
are of course not disconnected. It is virtually impossible to
train high level sc1entists and enginee:s for work in industry
-unless one has a univerSLty faculty operating at or close to the
frontiers of knowledge in. their fields. But Britain has stayed
in the forefront of the relevant academic sciences, hut,has not
managed to establish a culture wherein a significant.nnmbe: of
young pecople train in science and engineering and go into
‘industry. Japan hasrheen thin:at the :°r?fr9°ts;°€ academic -
science, but.has_established,a system_and a culture wherein a
‘sizeable fraction of young.people gain scientific and technical

~ training with an objective of going into industry. . -
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'_groups.cdnsidefed,, Much of the current discussion of "industrial
éoliCiés- seems.to rgfer to the‘kindsrof policies countrieé_have.
directed towatds_their_sémifcqnducto:‘and computer industries, so
‘let me begin by fodusing on these. Then I will turn to the -
1essonsthat might_be,drawh'from the aircraft and nuclear power
stories. _‘ | | :__ - | : R
' Lessons from Electronics Oriented Policies. The U.S. and
Japan clearly lead ﬁhe péck in electronics, and both have'had
strong and.effective policies in support of computers and semi-
conductors. :The poliéies_that resulted in early American.
__dominance in_eiect:onics_after world Wwar II wefe associated.ﬁith
our natijional security programs. In Japan the policiesxthat
faci}}tated fast catch up have been associated.wiﬁh MITIIEConomic
direé;ion in general. Virtually all~analysts_a§teg that these
 prqgrams have had a lot to do with the two countries' success in
these industries. Without trying to make these two obviously
diffe;gﬁt poiicies_appear thé same, it nonetheless ig‘woréhwhile.
- searching for common elements, for perhaps these can provide
clues as to what kinds of policies are and are not effective. 1In
fact there are_several elements in common.

Both pfog:ams involved a large protectgd_home,market; In the
United States, this was”basically a government p:ocuremgnt
__markgt._ In'Japan; the p;ocurement market was fa: less

.consequential, but the civilian market was preserved for Japanese

high technology firms as well. Both the American military and

- the Japanese civilian markets were large enough so that a number
~of domestic firms could compete. In both cases, the relevant
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technological prowess was rewarded, and significant R&D support
for firms in that market In the Japanese case stimulus of

commercial competence was direct and intended, and in thelLS._

case commercial competence was created because military
technology pulled civilian technology in its wake.
 Much of the current discussion of polic:es in support of high

technology industries involves the term 'picking w1nners' To )

what extent can the successful programs in the two countries be

characterized in that way? If by that term one means relatively
sharply focused attention on achiev1ng certain practical results,
the proposition is apt. The U.S. programs of course were aimed
at military objectives, not commercial ones, but the purpose |
certainly was to assure that the U.S. lead in the relevant , |
technologies. Relatively clear-cut military hardware objectives
lent a certain direction and thrust to the program of generic

research as well as hardware procurement. It should be

-recognized, however, that a central feature of the u. S. program

was that it supported a w1de range of options.
Picking and supporting winning industries in a commerc1al

race might be an apt characterization of the Japanese programs,_

.lf the breadth of support is recognized. Thus semi-conductors

and certainly computers have been singled_out for special___

attention; however a wide'range of electronics industries have

_been given favored treatment.

Within particular industries and technologies, both the DOD
and MITI picked particular areas for inten51ve attention, because

of military potential in the former case and perceived potential E
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_ the R&D support program got tangled with the objective o£ )
(fh 'establishing or preserVing a French capability to design and | .
| 'produce military equipment. As a result clear commercial targets
were not pursued, but the industry was given shelter and subSidy
simply to keep it operating. I already noted that the French
’military program aimed only to stay close to the Americans, not
_break radically new ground, hence lzttle innovation has come out
of it. Support of.generic research”in the British electronics_
.industry, even.aside.from'that‘associated.with defense
procurement, has not specially_focuseduon areas judged y
-Commercially promising in the_same way as the Japanese programs.
| .At the”same'time, the.British and French'programs have been_
'prone to sink public funds into particular commerCial designs.
This has not been very fruitful in electronics.__ |

Les.s.cna from Airs.r.aﬂ; and Nucl.ear Bniier Undoubtedly it is

the very great expenditures required to design and develop a

particular new plane that has drawn such highly focused
government attention, and support. But, whatever the rationale,
in the British and French aircraft industry the government has
been drawn, or jumped, into the role of entrepreneur._ For all__
the reasgons c:.ted earlier, this is a difficult role for a o
government agency to play and, in most instances it has been
_played badly. However there seems to have been some learning.;
__In the Airbus case the government(s) did a much better Job of
tapping commercially relevant expertise than in earlier episodes.
- In effect, instead of leading in its own preferred directions, in

the Airbus case the governments organized, orchestrated, and
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Tbblifiéally to_the programs. -This.may be the‘most.serious=pol;ey.
.problem of suppo:t programs.that involve huge lumpy publlc
zlnveltments.‘- _ B _ )
| The nuclear power programs sharply reinforce these lessons.
Qlee aircraft, nuclear power involves huge lumpy-lnvestments.
- While the nuclear prograqs are special in their intimate
connection‘with_nonfcommercial goals and’values;_they reveal,

vlvidly the kinds of problems that arise whea_a government
commits itself to maje; inveetmente_in particular designs. The
German and Japanese cases ate notewerthy; in that from the
begiﬁning_the.customers_f the.elective_utillties:f played a
significeqt_role in gulding_R&D allpcatiqn. -In the!LS.,
-BEltaiq, and France, on the other.hand‘the_lead-government agency
_c%lled the shots, and simply presumedithat the utilities would
buy the reactors they got developed. It t.oo_k a long time b_e_f_o‘ze
tgie kind of_policy.wae abandoned. | | |

As in the case of alrcraft ther:e is clear ev:.dence of . ‘
learnzng. In the U.S. this took the form of a cuttxng down to
size of the reactor programs, and.;p Brlteln aqd France a
‘reorientation of the ptograms that took stronger account of
| econpmic calculus. Hoveve;, es-npted earlier, a recegt sttdy
'calculated tﬁat.only in Japan and France is reaCtor_technolOQ¥_
eow mo:e,economlc than power generato;s,using ﬁeesll ﬁuels,, Ie'
all countries, the government has acted as if it had a huge sta'ke.
'in the reaeto:‘technologiesrit_vas gushing,ﬂdeep_pockete, and a

reluctance to cut bait.
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‘programs.

strength, it should stand separate from procurement oriented

MITI's programs are the best example of relatively'successful
R&D support programa aimed spec;fically at creating a. ' |

commercially competitive-industry. In the following: section I

shall argue that a good case can be made for certain features of

MITI-like programs, even in, or especially in, the United States.

._However in thinking about. that, it seems wrse to try to unpack the

MITI experience.

The R&D support programs of MITI.were-complemented by

'considerable proteotion of the home industry, and by a strong

governmental role in picking the industries and designing the

program. Protection is becoming 1ncreaszngly difficult and

fractious, even for Japan. For the U.S. active industrial

policies are being offered by their-proponents; not as a

complement for protection, but as a substitute, The sharp

industry targeting of the MITI programs was made pcSSible both by

: well.established Japanese customs -- which do not exist in the

United States - and by the fact_that U.S. industry and

technology could provide a clear target for emulation by a nation

- that was, then, clearly operating behind the frontiers. I

suspect that, with no-clear target established by other countries

to sh_oot at, MITIwill now find it more difficult to decide where

to aim.
‘But a policy of providing support of cooperative generic

research can be considered on its own stand-alone merits. Such a

- ——

policy seems well aimed at the kind of R&D where the

\externalities'are greatest, to be welcomed nhot resisted by
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- technology products. This may'be a difficult task for diplomacy.

And one can asgk if the game is: worth playing.

And thzs.raises the- questzon-

The-radical technological advances that we have seen in semi- ..
conductors, computers, aircraﬁt, if notiyet nuclear power, havs |
had enormously wide ramifications. These surely are “leading”
industries and technologies, in the sense of Schumpeter. While

the fraction of nationalhvalue added, or employment, or capital

' stook,.oontained_in these-industries has been quite small

thronghont the post war era, the products_of.thesetindustries
have shaped the new products that have emerged and the
prodnqtivity growth that has been achieved in a very large

number of other industries. Information processing,

communications, and long distance transportation of people, have

_'been,@;iterally, revolutionized. And it is possible to trace the

sources of this wide spread eoonomic revolution back to a very
few leading industries. |

But it is less obhvious that leading industries have been
strategic ones in the sense. 'that the nations that' have had
strength in these industries have gained a wlde-spread general
advantage., It sesms likely that the United States was specially

advantaged during the 50s and through the middle 1960s. However,

1t should be recognized, and pondered, that from the early 1950s

the other major 1ndustrial_powers, with the exception of Brltaln,

‘achieved much faster rates of growth of productivity, and real

per capita income, than did the_United States. To the extent
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‘governments block ekports fOr national securlty'or"other reasons,'

"competltion in the high technology lndustries is. suffxcrently

strong that product trade rapidly makes available 1nternatlonally

-products carrying the new technologles. regardless of where. they
are produced. The relevant SClentlflc and technologlcal

-commun;ties are increasingly internatronal and generlc knowledge

‘spreads rapidly. The rise ofuf;rst the.Amer;can multlrnatlonal

'corporation, later the European and the Japanese, and more

recently the surge of international JOlnt ventures in R&D, .

design, and production of high technology products, is spreadlng

hands-on design and production capability among natlons. .The.

advanced 1ndustr1al nations today are closely tled together

technologically.
There are many reasons why thls is so. One is the very ‘
ﬁe‘»nn U
nature of the leadlng 1ndustr1es of this half century. zheg,f

159 (--MU\-\I(-1|AJ and fiw é“iv\.r,r"

_ have made the advanced
natlonsr one technologlcal world as never before. Another,
1ronically, is the aggresslve p011c1es pursued by governments to
See that thelr_home,lndustry not get too far behlnd 1n high
technology. | | o

Because of the strength of competltlon in hlgh technology ‘

'-1ndustries, 1t is no longer apparent that these necessarlly

support especlally hlgh wages, or rates of return on capltal,lﬁg

unless they are heavily subsidized. Whlle technologlcal advance_

and productivity growth in these industrles is especially rapid,

- the gains go largely to those that buy the products _of. the
_industries, not the firms in the industries. 1In the nature of

- the case, five countries can't all be winners in the product .
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-capabil:.t:.es, as well as can Japanese firms.. Japariese end; E—
Europeans are- conv:.nced that the u. S., Department of Defense, .
has, and wi-]'.]!: eentinue to, block inteznatlonal technologzcal
"cooperation-- and flow of‘ .mformation. My susp:.clon is that
countrxes will contznue to try to make the:.r technolog:.cal
_;capabilit:.es national, but w111 have more and more d:.ff:.culty :.n

1doxng thzs._ But this 13 a matter that requlres more careful

research thanI have been able to gJ.vetq it as yet-._
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and procurement related R&D. will for the- foreeeeable future

continue to: be by- far: the major source - of government- support for

'.hlghztechnology-1ndust:ies~in;the‘UnitedaStates;~;And,~1nntheser

. industries, national security.: consideratzons—will strongly reszet

being: cleanly separated from economic ones,:
The-high,technology~industriee-are.inextricablyrconnected :
with perceptions of national security and vulnerability. As we
have seen, in nations with a_significent:military'procurement<-
program, it is hard to draw clean lines between procurement
policies, and industrial policies. It is:t:ue:that; at~1eaet-up“-
until recently,.the.UnitedIStetes has-notzexplicifly'concetne&~.

itself with'the commercial strength of the firms in its defense

_indusgries, but perhaps this is because‘those firms were doing

very well in commercial-markets 80 there wes_nothing to worry

about.,'Because of our status as the arsenal of democracy, the

‘United. States is going to continue to spend significant funds on

R&D in. these industries, enough so that we do.not-perceive

ourselves as lagging technoiogically in any important area.

What is new in the current context is that the technological

‘threats we see may be coming more fromour allies than from the

Soviet Union, and appearing in the form of commercial products

rather than weaponry. I suspect that, try as we may to.

- distinguish between'pre-eminent military design capability, and .
cpmmerciel success in high technology industries, these aspects:

will be blurred in people's minds. If the Japanese can build a

fifth generation computer before an American firm can, this

surely will undermine confidence that.we are at the top of the

field so far as military applicatione are concerned. Both
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tmore explicitly oriented towards. economic objeotivesr Ins

'_-pondering suoh.polioies both.the particular American.politrcalr

context, which<surely constrains our- range of actions, and the

~ issue of. international policy-conflict ought to: be: considered.

carefully.

This is where MITI R and D .

| support appeors.to'have-been most. effective. To the preséntQ

‘time, the DOD and NASA have been virtually the_only_goveromental

supporters of such work in the United States, -There are strong:
reasons for establishing a basis of Support that is independent
of DOD.. |

American companies now are giving strong indications that
they would like to band together to jointly_fund-cooperative;:
generic research, even in industries where the DOD finances =
substantially such work, and even where no public funds are
provided to catalyze the industry cooperative effort. In

particular, a number of our semi-conductor and computer

~manufacturers have already banded together to do such research

through the newly formed Microelectronics and Computer Technology

Corporation. The Department of Justice, in a preliminary ruling,
has indicated that it does not see any antitrust issues at stake,

s0.long as the supported research stays generic in nature. . The

proprietary interests of the involved companies probably will .

_assure.that this cooperative endeavor not'venture too close to

what individual companies consider to be matters of great
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of the-antitrust laws, it seems~to me, But regarding. suchffii':‘

endeavors that,do not . involve public funding, I would argue a,

rule of reason.- . | o | e
For cooperative generic research groups employing public

funding,_I take a different stand. I believe it is in the

| 'interest of the United States, and.of all countries taken

together, that participation in pubiicly subsidized programs be

N open to all_companies with a research and development, and :

production, presence'in the sponSoring nation. I would'propose

-~_thatlLS. government funded programs of this sort be open to

foreign firms, nxn!ldsd reciprocity is shown by a firnﬂs home
government on comparable programs. This, of:course,‘is another
argument for sponsoring these programs in the United States
through a vehicle other than the Department of Defense.; It w111
not always be easy to get other countr_i_e_s to abide by these 7
groundfrnies, but the pursnit of-reciprocityuorovides onehusefql
guide star for American diplomacy. A significant nrogram:of
government funded cooperative generic research, backed by a
_reciprogity policy, gives promise of giving uslleverage_on_the:

- programs of other countries, most notably Japan, that we -

presently‘do not have.

__mmmmﬂwmmmmmﬂr
The issue of reserved or protected markets, and of '
government subsidization of particular commercial preducts,
-always has been.a much more fractious_asPect of national policies
in support.of their high-technology industries. And it is these

aspects which promise to cause considerable international
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gander. It is likely that, except possibly for Japan, the.firms
themselves increasingly will frustrate home firm oriented
- procurement,policies by joining together in jolnt ventures.

The grOWing tendency of firms in different countries to band

..together in joint ventures on large expenSive pro:ects,is also

' ikely to complicate national efforts to help its own industry by
R&D or general subsidy. But such efforts, encouraged and
”subSidized by governments, are likely to become increaSingly .
_common. I see no reason to believe that government agencies are
going to greatly improve their ability to pick Winners' If the
lessons of Airbus are heeded, however, there may he less ofa
‘ proclivity to support big losers that cannot seriously compete
even with heavy continuing subsidy.: While the rate of return to
the:: European countries on Airbus is 1ikely to he low if not ”
negative, that plane is competitive on world markets, at least_ﬁ
Wlth the subsidies governments seem Wllllng to provide.< The
American companies clearly feel they were hurt, unfairly, by
Airbus. What should be our policy in the future like cases?

I think it important to distinguish three different aspects
of the Airbus program. First,_under governmental auspices, a. .
_c°nsortium of companies was organized to work together on a major
commercial product Second, Significant government funding -
subsidy - certainly was involved in the research and development
g“stage, and probably in production as well. Third, the
governments of the major countries that participated_in the
'Airbus consortium attempted to pressure their national airlines
to buy Airbus. In my view the second and third aspects of. the_

Airbus experience should be sharply distinguished from the first.
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1nitiated.designqand production partnerships of this sorth I

__suggest—that it,is time to. loosen the present scriptures: agalnst

designkgnd product,cpoperation by U.S. firms,undgr,certainr
circumstancgsr: The circumstances are,.first_the.existence-of-lf
competitive foreign efforts. Second, the presence of significtnt
fixed-cpsts_per entry suth that it can presumeé that the market
will be able to ultimately to support only a small number oﬁ.
designs. o | |
| B Regarding the matter of sub81dlzat10n by foreign governments
of particular designs I think the U.S. government should take a .
harq principled stance that, so far as the U.S. market is
°°“¢?F¥f§' this is unfair competition. We should_stand'ready_to_
'impotﬁhtgriffs commensurate Qith the dégreetof subsidization.
| While éalculating the degree of subsidy is a complicated
business perhaps with no right answer, I think that the U.S.
should advertise its intention to offset the ;dvantages of
foreign subsidies, when the competition_is on our home markets.

I would think it prudent to separate_the'issue of whether
| we should try to ofﬁset the effect of foreign subsidization_in_
coﬁpetition for the U.S. domegtic markgt,'from that of how we
trétt subsidized or protected foreign markets. The former is
under our direct control; the latter is not. While we can bend
our negotiation efﬁorts'to bpening up_foreign markéts and
reducing the degree of_discriminatioﬁ in’favor,of_home‘compapies,

that can be a hard road to plow.
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:certain“classes'of industry; andftofprovide-considerableﬁi*‘

broad-gauged industry guidance. simply will _not. g0 in the. Un_tedg

States, unless'they are tied to national secu:itg, real or .

symbolic.- And. if the national security connection is'largely
symbolic, the likely result will be either a new project Hpollo,

~ora pork barrel, but almost certainly'not a policy that looks

'-”1ike HITI‘s. This may be a liability, or an advantage, but for

the forseeable future it is a fact. 18

We need to pick and choose from the policies that have been
piloted by other countries, considering seriously only those that
have showed promise abroad, and look as if they mx.ght be _
implemented effectively here. I have given my Judgments of what
those polic;es are. |

We need to pay more attentlon to our assets in the race.
u.s. defense R&D expenditures will continue to dwarf those of our -
1ndustr1a1 competitors. While in some areas milltary R&D may

have little to do wzth the creation of commerc1ally relevant

technologies, it is important to recognize that, for better or

for worse, mllitary R&D and procurement will be the dominant

specific lnfluence on our high technology industries. As noted,_

I believe that these will continue to keep American flrms
competitive commercxally in those areas that are close to

mllitary interests.

' The ELS. has had, at least up until recently, the broadest
gauged educational system 1n the world, and we Stlll have a
szgniflcantly higher fraction of young people going on to post
secondary education than anywhere else except Japan. The‘economy

of the United States has an internal competitiveness and openness
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'of free-enterprise not to See the importance of public

It‘ié“intelléCtuai neaksightedness«on the'part of'manyﬁadfggggqi

institutiona;hnOn the other hand, a weakness-of many of the

recent proponents of indust:ial policy is-fallure to*understandf’

how Schumpeterian competition works, and its strengths as'wéll'aél'

- its limitations. Industrial policy in the United States needs to
 be nicely designed to alleviate the iatter, without hindering the

"former.

Many yeafs ago, in his'canihﬁliﬁﬁ; Socialism, andgngmns:aéx,
Schumpeter ﬁook.thé_position that modebn man was close to -
routini:ing the ihnovationrprocess, that the'unceftaintieé'and
divergencies of judgement were being eliminéted from‘it by -
rétional c¢aleulation and discussion, and that the hurly'bufly_of

capita;ist competition, which he acceded had been a fount of

creativity and energy, would not be missed if lost. This seems a -

false'forecast. The U.S. may be handicapped relative to other

countries in the extent to which efforts at'innovatiqn can be

coordinated. This may hurt us in some areas, particularly those

in which the costs of the endeavors drive out much chance for

sustaining many different apprdaches. However, the sheer size of

- our corporations and our internal market may help us to avoid

being closed down in these areas, if we adopt sensible policies.

And in most areas, economies of scale are not that overwhelming.

"The U.S. economy continues to have as openness to entry of new

firms, new ideas, rivalry, that other countries do not, and which

they increasingly seem to be discouraging, in the name of

industrial policy.

If MITI does not seem likely in our future, the flexible
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| ﬁa:ansontan&jnalmgrenﬁ(19811( Hégaziner'éndfnéichftI992);fand
._2ysman and Tyson (1983). | B S ' _'
'~ Piekarz, Thomas and Jeﬁnings“tl983)”presentfan'analyéis of the.
*RéD statisfics"similar to mine. They also;hazardisome |
compérisonsfacrqss:counﬁries in such variables as tax
ﬁreatment:of'R&D spending.’ s
For a heroic attempt to assess the role of *advances in’
knowlédgeﬂ (not'explicitly'k&b) in the productivity.growth |
experience of different countries see the work of Edward |
Denison (1967 and 1976). "
Stéin‘and-neé (1977) have provided the best study_I'kndw“of -
 .about differential productivity grqwth'ratéS'across'coﬁnfries
‘at the sectoral level. - ' |
One of the best -early studies was that by Nestor Terleckyj
(1974). Edwin Mansfield's more recent-study (1980) diVides
R&D into basic, and applied, and into privateiy, aha pdblicly
financed. o o
Terlecky] (1974) and Mansfield (1980) are'representétive'of 3
studies that treét_ﬁrivéte*and'ﬁublié R&D as - o
'1(109akithmically)_separaté factors of production. Link =
- (1981) and kalosu(1983) treat pﬁblic~R§D as éffectinq the
productivity of private R&D. Kalos provides a good review of

this literature.
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My principal source for the U.S: study was thekchapterfoyflr-
:-Mowery and‘Rosenberg in Nelson (1982). 'William'spitzﬂ

collected the materiais'on the Europeanfexperieoce-in-his..t.
paper "European Policies in Support of the Civil Aviation

Indestry*. The Airbus‘etory'ﬁas;draen~in-part?from*Newhouse

(1982) . | |

The-most_important'sources of the following discussion were

-Walker and Lbnnroth'(1983),°KeCk (1981), Suttmeler {1982) and

Hazelrigg7and - Roth (1983). Michael Sullivan ably
surveyed the European experience. ' s
The 'super computer' pro;ect of the Department of Defense is

a good example of a program triggered in part by the the | |

- perception that a fr;endly country, Japan, mlght get ahead of

. the: Unlted ‘States in a technology that mlght be relevant to

national securrty.-

“For a compatible view see Schuck (13983).
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' 1nduetria1 structure of the th. should not be-discounted-as;a

' formidable competitive engine of progress.‘ We may be—lucky that”;ff:ﬂ'ff

1t s0 stubbornly resists bexng targeted, coordznated, o: planned.

L
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. to new ideas, and new firms, that none of our'industrlalth
competitors. presentlyfis close to. matching; our policzes should

'exploxt these advantages, and not let them erode.

hunt starts out with the premlse that 1ndustry speclfic pollc1es '

are the key. It is hard to say if expressed concerns about

- inadequate supplies of young well-trained_engineers and applled

scientists in central fields are overbIOWn; but it does appear
_'that we have worked ourselves 1nto a posltlon where the
universzty departments tralnlng the needed people are short of
. ‘faculty, in part because non-academlc Jobs are so lucrative.
Perhaps the time is ripe agaln.for the large public programs.in‘
: support of higher SCientific and‘technical education that marked
the post Sputnic period; -Houever, the 1nd1catrons are that our
'educatlonal problem is much deeper than appears when one looks '
only at advanced tralnlng. Oover the long run dorng somethrng
about the performance of prlmary and secondary schools in
teachlng klds scrence and mathematlcs may be more 1mportant in
 the preservatlon of an Amer1can ‘lead in the hlgh technology
lndustrles of the future than specrflc programs axmed to help on
a narrow front our hzgh technology 1ndustr1es today. |
And it is exactly the internal competitiveress of tIS..
1ndustry that makes polxc;es, that are appropriate even needed in
‘other countrles, infeasible and counterproductlve here., I have
"_been'stressing throughout this essay:that'the Schumpeterian

engine of progress involves public as well as'private components.
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Theeguidelinesifor'néﬁfpolicieS'sketched%abOVefcencainlyfcilléf1;*1:i

seem insipid to those who-aré looking for- bold new departures.
They‘ce:tainlyjseem_beskftee’coméered'to-éhose7thet:other T
countries have put in place, or those which have been talked
about by advocetes7of a far more activist'inaustrialfpollcy‘for
the 0.5, | _' |
-But if the descriptlon and analysis p:esented above is close |
‘to the mark, there is not much about the active industrlal
policies of other countries that we ought to be trying to
emulate, For the most part, the foreign record'has been one of
expensive frustration. Active policies in support of their hlgh
technology industries keep on belng tried, not because past ones .
have" been deemed snccessful, but because their.high technology
industries continue'to“be weak, and there are strong netionel .
urges to do something about it. ., : S
‘The exception, of course, is Japan. But I have stressed that

” many attributes of Japan naVercontribntedzco her remarkable
economic performance (until recently), and that it.iS'hard to
'-.assess how impo}tant werelher industrialipolicies.' In any case,

' MITI must be understood as part of:e package of political |
institutions and cultural'predisposicions,"While earlier I

- argued that MlTI likely will in the future have greaterr
difficulty targeting industries than when’the UZS.'o:ovided a
'clear model for Japan's, I oelieve‘MITI_willlcontinue to play a

useful role"in'Japan.' However policies aimed to strongly favor
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At present 0.S. policy is ambivalent regarding des:.gn an
production 1oint ventures. The United States antitrust laws

: currently are not. being interpreted as ruling out cooperation
anong American companies that produce different components of a‘::'
_system -= as between an airframe manufacturer and engine o
*producer.- Nor do we rule out joint ventures between.an American
firm and another £irm in the same line of busrness, if that other
“firm is foreign. Where the market clearly is international, one
can question then the logic of ruling out horizontal consortia of

ascoffe
handeinternationel consortiarhaveWSPecfaf"advehﬁﬁﬁ&ﬁﬁth% ﬁa&

'°American firms. Actually, the issue is delicate.,ﬂﬁﬁa

thegzmakeyit difficult,fom governments who"subsidrzagoerprovide
protected marketa to,target their: policieafto help.home*firms
'onlz; ‘On the other hand there surely 1s an issue here akin to
the older ones about trade creation and trade diverSLOn.- And,
the United Statea ig in a specral position, perhaps along w1th
Japan, in that in the industries where such consortia are likely
to be common, we often have several firms, not one, Thus our
firms have the opportunity to look for national partners, not
just foreign ones.' It seems odd that we would discriminate |
against a national partnership if each partner Judged thlS more
.'fpromiSing economically than jOlnlng an international consortium.
| Behind the scenes is the more basic question'-- what stance
 should the United States take when there is an obvious trade-off
between number of rivals and degree of wasteful overlap of

' effort. It is not evident that the United States or the world is

better off having two or three sxmilar but competitivells.
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"conflict, and economic waste, in the future unless they are

_somehow reined in.

In fact, the increasing internationalization of‘teChnoIOgy,
and in particular the growing procliv1ty for companies to band
'together in joint ‘ventures, already is vrsibly undermining these.
'traditional national policies. also, the most 1mportant of the
prevrously closed c1v111an markets, that of Japan, is slowly and
painfully opening up, at least to a degree. On the other hand,
rising international competition in high technology products 18
"sure to threaten weak national 1ndustries, and invoke 1mport
barriers of various sorts. Recall the recent French.blockage'of”
Japanese video cassette recorders. But also recall the results
which was a joint venture with a'Japanese firm. The U.S. high
technology industries have not shown themselves shy about ”
requesting'protection. The tide of'JapaneseﬂT.V; sets soon.
triggered'such.a‘response. It could happen in'semi~COnductors,
computers, or aircraft. - h R

I think it important that the U‘S. take a strong posrtion
against protectionist pollcies, but not be sacrosanct about it.
We probably?#ill be on better'grounds arguing against general
protection than against procurement policies nhich'caterdto”
-national firms. Among other things, we undoubtediy will preserve
-,the‘largest protected procurement market in the world'-?nthat :
tied to our'defense budget ~ We should not'heﬁsurprisedhif our
arguments to other countries that they should open up | |
'telecommunc1ations equipment procurement are met with the

reminder that what is sauce for the goose is sauce for the
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potential proprietary interest to them.

'Automotzve Research Program, lnltiated under the Carter
administration, and aborted under the' Reagan administration, was
for support of generic research of the kind discussed here.
However, the automdbile_companies had no part in the initiation
or design of the program, and felt it was being rﬁmmed-down their
throats. The'pfogram might have gone éuite differénﬁly had the
automobile'companies.beenrurged‘to-design it for themselves.

UAS the'uicroelectronics and Computer Technology Corporation
indicates, the private firms themselves may be willing to invest
_ considerable amounts of their own monies in such.cboperative |

iidea® of

Vgeneric-research'programs;' Howeveryyf wéuldﬁ orgesthy
havingzgoWerniehit! funds® sWeeten’ thevkitty. Such public financial
assistance might be é;ovided.on'a”formula basis, as through the
provision of matching funds. Alternatively, the decision about
whether or not to provide public support might be made on a case
.by-case basis, although I am uncomfortable with'the political and
organizational prdblems that such a policy would éngende:.
: -0ne important policy issue regardipg such generic research

' cooperatiVQS'EhatIis sure to arise involves the terms of
exclusion from such groups. This is a delicate issue. = A generic
_regearch cooperative that involves, say, the three largest firﬁs

'in an industry and excludes others ought to be ruled in violation
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symbolic;nandirealffelements~are:involﬁe&er

qu-&lﬁageeseareasdns;&our‘poliﬁiesﬁinisuppbrt-ofjhigh*’ffif
technology iﬁdﬁstrieSfareagoing:to<continue~t0nbe inrertwihedeT*f:f
withinational'securityfobjectiées;17”frhdeed,'suchﬁfntertwiﬁingfmajfr )
jbe.a political requirement'for.significant=government Support;'.

Ori t-he'other-hand,-we--should-understand that it is likely

that other countries increasingly will accuse us of having major
industrial policies disquised as military R&D programs.
Europeans;'pressed'on the fairness of their express industrial =~
: support'érograms,_lonq have responded that we have-ddne mudh_mbre -
under DOD auspices. As bOD R&D support ?rograms beceme3
identified with matching or beating the expiicitly commercially
oriented programs of other countries, the flack will get thicker,

We will lose much of whatever credibility we now have in arquing

‘L/: ’

that-other countries programs amount to unfair ‘subsidization.
 Also;,~to the extent the DOD continues to press to keep-American‘
technology out of foreign hands, we lose force in arguing for
other countries to open up their R&D support .programs to American
‘companies. More on this shortly.

"In any case, military and civilian technology inevitably will
be tangled. As a result, it is a good bet that national security
releted R&D and procurement will suffice to keep American £irms
at-the-technological forefront in commercial techneclogy as well -
_asrmilitery; if these are at all connected. However, where
commercial demands have little contact with plausihie military -

- needs there will be pressure  for new;policies. It makes sense,

therefore, to begin to think of a set of complementary policies,
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Section VII: wWhat Implications for u. s. Policy° BRI
All of the foregoing points to the proposition that the ;
.United States ‘should proceed cautiously in new 1n1tiatives in
":support of high technology 1ndustries. Devising new policies.
that are effective and not fractious is likely to be difficult
-and frustrating. And the stakes may not be as high as often _.-f
argued. Nonetheless, some rethinking, or ‘fresh thinking, i
certainly is in order. Such rethinking should not presume, .
however, that we can start with a clean slate. U.S. policies in
support of high technology industries will almost surely continue
to.be heavily influenced by national security interests. And
~more than any other of the‘major industrial nations, the tLS.‘
-government will continue to be constrained in the modes of

interaction with industry that will be politically acceptable.

The ‘Natj ] s ity C cti
Such commentators as Magaziner and Reich hare argued
that U.S. policies towards high technology industries,
traditionally based as they are in defense procurement interests,
provide less economic advantage than would more commercially
-oriented policies, and have proposed that we establish a set of
policies more explicitly aimed at eccnomic objectives. This
‘leght be a good idea. But it would be a mistake to forget about
the national security connection. In the past, defense oriented
pOllCleS have had enormous commercial impact, and in many areas
there continues to be significant spillover. Even under the most

_optimistic assumptions about arms control, military procurement
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‘cyafeffaéa. And the very competition appears ‘to haveﬁreduced?theifi

size: of‘the prize and”increased the entry costs.f The argument

that" 1eadingf-ndustries are strategic nationaiiy because tney o
feed into’ national downstream industries is, to a conSiderable N
rextent, vitiated by the growing strength and breadth of the ﬁ
international networks, and the export orientation of the
strongest firms in these industries. Indeed to push one s
domestic industry and encourage home reliance upon it, may
disadvantage the closely linked industries, rather than help
‘them. S | h

The questions here are very difficult.' My purpose above was
not to dismiss the proposition that leading industries are | |
strategic ones for high wage countries, but to stimulate thought
and research' 'Schoiars of'the“semi—conductor, computer“interface
“attest’ to it's closeness, and that it calls for integrated ”
companies, or very close inter-company relationships. To a
_lesser degree, the relationship of airframe and engine deSigns.is
obviously:close, a company in one area can't proceed effectively
“without:cIOSe'interactionIWith'one in the‘other; .The ruture wiil
See more integrated companies, and more tight inter-company |
relationships. But the question I am asking is whether national
borders are strong hinderances to intra-company (multinational)
communiCation;'or toxinter-company relations.‘ I suspect the h.
answer is “less and 1ess",:except in so far as national | |
-governments establish barriers.

American companies involved in the semi—conductor, computer

~interaction believe that they cannot really tap into Japanese
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that American R&D in the Ieadihg industriesrwas é-basic'gtowtﬁ' ‘f A
| engine, that Qmerican'engine cettainly'was pulling European and '
Japanese boats in our wake. |

While the Europeah countries; and Japan, were especially:
concerned about "technological gaps" in the high technelogy:
- industries, and clearly presumed-that these gapé were
':straﬁegicaliy disadvantageous for them, it is not clear that:

‘their-closing'of-the general productivity gap came about because
they were closing the gap in capabilities in high technology
‘industries. In all of these other countries, as-iﬁitherUnitéd:
States, the leading industries continue to account for a | |
felativeiy smali Eraction of value added and employment;. The
- fraction of exports accounted for by leading industries is much
_smallé}:in Gerhany; and Japan, than in the United States, but
this does not seem to have impeded their growth. For Japan,"
exports of gsemi-conductors are small compared with exports of
automobiles;’ The value of German computer exports is swamped by
the value of her chemicals and’machinéry exports. While Japanese
excellence in the production of automobiles and mbtorcyclEs,“and
German excellence in chemicals, machine tools, and_related‘.
capital goods,’certainly rests on considerably technological
sophistication in the "high ‘technology” industries, Japanese and
German successes in thése fiéldS'came atout before their semi—
 c§ndﬁcto£ and computer industries began to come close to
cha;lengihg the American.

it appears that, increasingly, technological knowledge and

capability is becoming international, not national. Except where
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private industry, and not to involve government agencies in. . .

trying to make judgments they are not equipped to make;':andl””ﬁ
' such a policy does not force a government agency to protect the:
industry or ‘to make detailed commercial Judgments.- |

| Governmental involvement-partnership - in the develo;:ment,

Ide_sig_n, an_d product:.on of particular commerc:.al products poses- a

- ‘different 'se't of issues, particularly if the costs are very 'high,' |

and there is only room in the world economy for a small number of
competitive designs. I suspect that, absent this latter |
' condition, spec:.fic des:.gns created under 1arge government

_subsidy are not often go:.ng to be playing a major role in

international competition. Private companies can afford to have :

ago at it on their own, and have shown every J.ncl 1nat10n to be

independent of government guidance or overview when they can. 1In

particular, companies have a strong interest in keeping government

away from their most promising product ideas.' But when the costs
of product development became very large.relative to the assets
of even the largest companies, it is a different game, 1f a
government stands ready to provzde 31gnif1cant support '

- And lf that game 1is played out internationally with some
_products receiv1ng major government subsxdy, 1t is a very
fractious game. If governments have learned enough to put SST‘s,

' and gas cooled reactors behind them and to place public moneys on

designs that are reasonably attractive on international markets,

they will soon have to learn what kind of ground rules to place

_ona game of heavily government subsidized competition in high
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In Summazy. How to summarize ‘the 1es;ons? What do they tell
‘us -that is germane to the present policy discussion? ch et
The clea;ly powerful effects of the U.S. defense~and{spaeeﬁi?:
_ pfagz-ms-previae a complex subéle message. These pregreme.se:ely
do not provide us with a model for future policies in ‘fs'hp.p'ort of
high'Eeéhnolegy'industfies.”'Theﬁfaet fhat>tLS.‘pfocureﬁent'and
procurement related R&D had such a strong'effect'in.buildihg
1com@erqial leadership of U.S. fitmé'Certainly doesn't provide a
persuasive argument thaﬁjwe'shéuid”augment our §resent.defense'
ahd'space programs iﬁ_order to increase"spilloﬁetF. The massive
expenditures we mounted then, end'areéiﬁeurring'hoﬁ} surely =
‘cannot be justified by the commercial returns. o

It also seems likely that the large spillover from the
defense and space programs of the late 1950s and 1960s was the
pfoducﬁ-of‘é rather:speciel set of circumstances. KThe.ﬁilitaryr
at that tiﬁe;”great1y5va1ued'capabilities that could be realized
‘through certain new technologies that were just emerging,'and"”
these-capabilities;'and the technologies more generally, also
turned out to have great commercial value. Many analysts have
suggested that -gpillover* has diminished ﬁa;kedly since the ~
middle 1960s. | o o n

The temptatlon will be to add on commercial objectives to'
.milltary ones in decisicns about partlcular procurements or
fields of R&D support. Buk one rather clear lesson of the pe‘st
“"World War II experience is that it is a mistake to try to blend
-cbmmercial'ijeetiées cnto milifary Pfocﬁ:eﬁént’bnés;”'if a 

prog:em is to be aimed specifically to enhance competitive
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subgidized, a design and production cooperative, closely tied to_
the articulated demands of’the potent1a1 customers (the Europeanvp
arrlrnes). The financral and organizat1ona1 rnvolvemen t of nrrrl
in the case"of the 'Boeirg 767 lsu reveals keen atten tion _to ’
'commercial promise. | “

" Much more than in the case of government support of semi~
conductors and computers, in the case of arrcraft government help
'is readily identlfrable with partlcular commerc1a1 products.' The
-lnvestments are far more lumpy. As;de from the grant Amerlcan
aircraft companies, prlvate firms have shown reluctance to 'bet
the company' if they are not supported by thelr government.

Thus the support programs are forced to aim for 'wlnners' in.a
much narrower sense than in the case of programs in support of
electronics. Programs 1n support of alrcraft englnes (whlch I
;_ have not discussed at any length) sSeem to have a s;mrlar
structure. A consequence is that governments end up havlng a
- large financial stake in partrcular commerclal products. | |
Governments become partners with bus1ness, and partners with deep
pockets. | | N N

o As 1nd1cated, governments have dlsplayed 1ncreasrng‘

sophlstrcatron about the lmportance of good market as well as

technlcal analysrs, prior to plac1ng bets. In the fleld of

f'_avlatlon, it is 11kely the 1esson has been learned, and efforts

like the supersonrc transport are behlnd us. But what 1s not “
clear is whether governments w1ll learn when to cut losses. The”
hAlrbus may, or may not, ever yield a posrtlve rate of return.'
The game certalnly is chancy. But the 1nvolved governments do

not act as if they could abandon the endeavor they seem hooked
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oommercial importance in the latter. In both cases particular
:companies or groups of companies were singled out for support in

these areas. The big dollars in the U.S. program have gone to

the DOD, of course, has not gotten in the bUSlnESS of supporting
particular commercial ventures. And, contrary to some popular
impressions, MITI has not in general tried to dictate to |
companies what kinds of products to de51gn for sale on commercial
'markets. In both countries the enhancement of commercial
competitive prowess has been through the strengthening of the
'deSLgn, development, and production capabilities of involved
national firms which in turn they used for what they Judged to be
commercially advantageous.

It is interesting to compare the Uts. and Japanese
experiences with those of the'three Eurcpean countries. While
France tried, and to a lesser extent Britain, neither of these
'-countries established the same technology pull in their defense
,and space programs as did the U:L The total funds involved were
vastly smaller. The efforts were less ambitious and generally |
ained to catch up with the Americans, not to establish new
grounds. While France has tried to prctect her civilian market,
her membership in the European market has forced her to be more
open than_Japan.. In addition, branches of foreign owned firms
established.within her own borders greatly complicated the
"business of even defining a domestic industry. o

The generic research support programs of these countries have
heen much less coherent y oriented than those of the u.s. and

Japan. In the French case the commercially oriented aspects of"
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'government agencies were unwilling to set up a particular

"national champion®™. Wwhile the domestic ihdustffhﬁéémﬁé;n?f ‘:ﬁ

 'sheltered from foreign competition, there was and is vigorous

ion and this has been the intent of those who
have guided the policies.

This meant several things. ‘Maintenance of a domestic

- presence at the forefront of an industry was not dependent on the

performance of any particular firm. In the industries where

backward or forward linkages were important, as computers and

semi-conductors, a firm was not locked into one suppliér, or one

'purchaser'(Ekcept:the Department of Defénse} " 'And the stfdng '

demand for 1nnovat1ve products manlfest in both markets motivated
1ntense competltlon among domestic flrms. | |

In both the United States and Japan publidly'funded R&D
programs significantly enhanced the capabilities of the involved

firms to produce advanced design products for commercial markets. -

 In the Japanese case the principal programs involved support of

genérid research, done by company employed'éciéntisté and

engineers, with the express'burpose‘of enhancing the com?ény's

. technological strength relevant to commercial markets. In the

U.S. the dominant programs were oriented to defense and space

- exploration and involved both suppott‘éf generic:ﬁdrk and'massive

expenditutes On hardware development' while not specifically

intended to augment a company' s commercial capabllltles thls |

' 'often was the result,

‘Put another way, while the two programs differed

-Significantly in purpose and'sttuctufe, each provi&ed both a

strong competitive market for domestic firms wherein
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One also should note that the countries which have had

economicélly sucéessful leading'industrieS“ha?é'been strong -

- across a wide spectrum of industries. One could read this as

suggesting that strength in leading industries causes general'”‘
eéonomic”strength;' However, the inference I draw is that the
workings of é'nation'é baSic‘eéonomic institutions -- théée‘fhét
determine its performance in educatlon and broad-gauged science,
incentives and organlzatlons supporting R&D and physzcal ' |
investment; mechanisms for achieving reallocations of labor énd
capital -- have a broad atmospheric effect. If they do not work

generally, it is_unlikély that they will work:particularly'ﬁell'

for the high technology ihdustries.' The contrast among Japan,

Germany, and the United States —-- arquably the best economic

‘performers in the post war era -~ suggests that there are a wide

rangefbf-viab1e institﬁtidnal'struCtures."

The most important lesson here is-that nations that aspire to
strength*ihfhigh technalogy industries had better attend to their
genetdi”étrehgth in technical education and establish and
maintain a set of policies and institutions that supports

economic growth generally. A possible danger of the recent

‘rthetoric about the importance:of'high'teChnolongindustriés ié .

that it may take attention away from these broader less =

specificaily focused policy arenas.

However, there is no question but that industry specific

policies have had important effects. The preceding analysis =~

revealed major difierenées in policies toward the three industry
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Section VI-_ What Lessons°

I concluded Part I by raising several broad questions. Are'

leading industries 'strategic' and if so, in what sense? Is it
eneral sconcmic : -
tha_' nable a nation to'have prowess in leading 1ndustr1es? If
_ the 1atter are important, what kinds of specific polic1es° We
now have the basxs fcr hazarding answers to these questions.

7 Earlier I stressed that the way I characterized technological

'progress, and what I chose to describe about government policies,

was very much influenced by my theoretical preconceptions. It is

even more evident that the way I interpret the record_, the

tentative answers I provide to the basic questions, comes from my

mind's eye and not simply from objective observation.

mumﬁiwﬂwwmmmw
Capability in High Technology Industries?

' The answer to the first question is, probably both. I read
the‘record as indicating that general strength is a necessary
condition. However, given basic technological and economic
strength, the right policies'specially aimed at the high
techndlogy industries certainly seem to have lent advantage to
national firms. | _

It is hard to escape the conclusion that general strength in
scientific and engineering education and research is a
' prereqsisite for strength in high technology industries. The
technological preeminence of the United States in these
industries, since World war II, surely has something to do with

the fact that, while in recent years our educational advantages
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- From the beginning of thé'program} a key'JaﬁaﬁéééTdbjéctive
. 'was to cut back on requirements for 1mported petroleum, and hlgh
- cost domestic coal. The oil shocks of the 170s strongly |
reinforced this ObjECtlve. A recent study reports that, in
dapan, the cost of producing power with nuclear reactors is less
than the cost of using coal fired plants. The strlk;ngly low
cost of capitai in Japan'must be an importa'nt- factor in that
calculation, and also the high cost of coal there. | By some
standards, howeter,'the Japanese prbgram locks successful..

It is worthwhile to consider, however, two major problems'the
- Japanese faced, and still face, regarding'ﬁtcléa:'powér;:'In'the
‘first place, thetJapanesé decision to use light water reactors in

the early days made them dependent upon Americén providets of

" enriched uranium. Their adoption of the broad American strategy

of nuclear reactor development led them to begin to develop |
“enrichment capacity, and capacity to recycle spent fuel elements,
as well as into a commitment to the breeder reactor as the
technology of choice for later in the century, As noted earlier,
- under the thd Administration the United States backed away from
.-this strategy, on grounds both of changing beliefs about the
future demand and éupply for uranium ahd concerns about nuclear
proliferation. It also exerted considerable pressure on other
countrigs to abandon plans for reprocessing. Japan has not bowed
to this pressure. But the situation has been quite uncomfortable
.:_on:a'nuﬁber of occasions. | o
Japan also has seen rising citizen resistance to the locating
of nuclear plants in places close to population centers, which

greatly narrows the available siteé. As in the United States,
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“conservatively. -

_plan,-with~priorities;”but while a number of‘projéc£SHWére?fﬁnded.

“under the plan, the companies continued to lay their own money on -

what-they“thopghE”Wéte the best bets. And at that time the

companies were much less concerned than the Ministry about the -

fact that they were basically simply'léarning to build American

designs. The utilities also were more narrowly economically

‘oriented than was the Ministry, and-thé_gigﬁélS"they-gave”to'the

companies reinforced inclinations to proceed relatively’

By the late 1960s German éompanieS“had'acquired sufficient

competence:to“cut'their‘ties with American firms. German

- reactors were competitive on world trade.

‘The post 0il shock experience of the German industry,

" however, has been more akin to that of the American than the
 French. As in :he'United States, citizéﬁ'grdup opposition to

“nuclear power has become quite strident, and has not been

squelched. Falling expectations about future energy demand has

cut back on orders. The prospects are quite unclear.

 Japan. The Japanese case is marked by fewer sharp turns and

'_obvibus-téchnbldgical5mistakés'than'is'tevealéd7by_thé'historieS'

in the other countries, but Japan, too, currently is experiencing

citizen resistance to a technology widely regarded as oversold,

. and dahgerbus.-:Also, thé'Japanese case,ias the-others, cleﬁrly
reveals the entangling of the reactor development programs with

" international politics, althoughiin thejJ&panesé*éase, theztangle

was not of their making. =
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_Charles de_Gaulle,rEdF began to win the upper hand, and’to;calliﬁ~

- the tunearegarding reactcr-development and purchase. .

By the mlddle 19703 France had shifted over v1rtua11y
completely to pressurlzed water reactors as the technology of
‘choice. for the‘short and medium-run. To a greater extent than in
the-United States, the designs were standardized, and.the'French'
company_engaged in the production of suchrplants, Framatone,

_ began'to oet.advantage of eCOnomies of scale and”experience.
Acccrding to one study; while U.S. nuclear plante cannot produce
-relectricity as cheaplylae~modern coal fired ones,-French plants
can, at 1east given hlgh French coal costs, As ln the United

- States, questions have been raised about the environmental 1mpact
rand safety of reactors, however the French government has been
qulte authorltarian in puttzng down - protests. Whlle recognlt;qn
-that future demand for electrrcrty w111 not be as great as o 'hj)-
forecasted has slowed down the pace of constructlon, all new |
electrlclty generating capacity in France now is nuclear, and
~production is planned ahead at a modest rate. Erance.continues
to work, now increasingly in consort'with.other European
~countries, on a breeder reactor. o ._w | _ |

1ge;manx. The German story dlverges from the BrltlSh and :
'French Again, the fact that Germanv was not trylng to bulld up

- a milltary capabrllty rs rmportant to recognlze. Also, there was’

.. no, strong resrstance in Germany to depenoence on the Amerlcans

- for fuel. leen the questlons being explored in thls essay, the '
most 1mportant dlrference, however, probably is that the strong

centralized control of reactor development that marked the
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the projects it initiated proved hard to slow down. In late 1983 |
| “¢ong;ess ;topped_fundinqrthe,proggam; :_ _ R |
7 Biitain aﬁd E;angg._ The stories of the 3ritish.and Erenéh-
programs:have sqmeﬁessential;things_in common with the American
experience, and_some-important.differences- One.majdr difference
is this. After_the war both the British, and the French, opted
" for a gas-cooled graphite moderatéd reactdr_design for two
central reasons. First, these reactors used:haturél uranium és a
fuel, and their:émployment in a power grid therefore did not |
require access_toaenriched;uranihm which,-in thé-ear1y~post-war
era, only the U;S.'could:produce. Secohd,.this kind of reactor
produces,glutonium‘as.a by—groduct. Thus these.reactors-ﬁere a.
.natufalMPart of'a.p:pgpgm.aimed'ﬁo-de#elop a military nuclear
capabil%éy. | |

' Thefsritish Atomic Energy Board, 1ate: the Atomic Energy
- Authority, hgs at least until'recently exerted even more deﬁailed
COntroljbver;the develgpment pf nuclear power than did the U.S.
/Atomic Energy Commission., From the beginning it has been
‘committed to its own designs{_which have basically stuck with_the
| ea:ly‘commitmenté,to gas coqlihg.. Elgc;:ic.powgr_generation_and
distribﬁtion in'Britain_is natipnalizgq,-gnd centialized,f The
Centrai Eiect:icity Generating Board was, after its_eafly
.expériences'with experimental plants,-increasingly skeptical
.abqut the economic_mérits'oﬁ gas cpbled:rgactbrs, and over the

- years has pressed for light water reactors, There have.been a ..

'Su¢cession_0f.comﬁittees charged to resclve conflicts between the
 _AEA; and the CEGB. In part;becaﬁse the AEA reﬁained;the :

principal source of technical expertise heard by the British
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companies and the utilities already were commltted to produce and

use commerc1ally. The objectlve was to gain experlence from

aj

ltheir design, construct;on, and use. The fa1th was that. "scallng
up” would pose no serlous problemsr In 1963 a contract was
signed for the first full-scale reactor, Judged competltlve
without sub51dy. o o |

As it turned out, the companxes who contracted to bulld the

reactors could not do s6 at costs anyth:.ng close to the agreed

'-“upon prlce. Relatedly, ‘there were major technlcal problems Wlth

the large scale reactors, that had not been apparent with the g
_smaller demonstratlon verslons.. The first generatlon of | -
commerc1al reactors were not competltlve.‘ The companles who
rproduced them lost money. The utllltles that procured them'
undoubtedly cculd have produced electr1c1ty at lower cost had
they bullt up-to—date conventzonal plants.. And thls desplte the __:)
‘heavy front-end sub31dy of the Atomlc Energy Comm1351on, and -
.subszdlzatlon of fuel costs.' |
_-During'the”19605,'despite_thls unfortunate early experience,
the companies_continued to try'to sell,.and utllities'continued'
" to order, versions of the light'water‘reactors. Dlsenchantment
set in Qradually; As noted, there was flrst a rise in concern -
: aboutﬁenvlronmental 1mpacts and safety, and then, somewhat later,
a sharp fallnin'prOjected gronth of demard for electric power{*
The large jump in oil prrces, and more opt1m1=t1c beliefs about
_future avallabllrty of nranium relatlve to demands, by themselves
-'made the nuclear power alternatlve look more attractlve relatlve

to conventlonal plants. However, the.sharp rise ln.est;mated
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roughly the same time that these factors were slowing the tide of

nuclear energy, economrc hard tzmes set 1n and forecasts of
future energy;demand growth were scaled down drastrcally.

The entanglement w1th nat10na1 securrty ob]ectlves made it
more or less 1nev1table that a- government body would exert |
detailed control of the development of the technology and thata
Lnon—commerclal values would be glven a promrnent place. The
rising concerns about safety, and the changes 1n percelved long d
run economic prospects, turned somewhat sour the lnrtlal h1gh |
hopes about the economic advantages of nuclear power. 5crut1ny
'of the general-lessons that can-be drawn must recognlze these :
fzmportant compllcatlons of the experlence with nuclear reactor :
7development ' h | - : | | |
The HAE. Shortly after the war the Amerlcan Atomlc Energy
“Commisszon was establlshed and asszgned respons1bllity for future
.nuclear developments, c1v1lian as well as mllltary. At the same
time the Congressronal Jornt Committee on Atomlc Energv wasl |

: established For the next quarter century the executlve agency,

- and the Congre551onal commlttee, worked closely together and, in

effect, 301nt1y relgned over the governmental programs ln

questlon.

The programs in support of c1v111an nuclear power grew out of

the programs to deslgn and develop nuclear power reactors for
,.submarlnes and surface ships.- Pre51dent Elsenhower s “atoms for

-peace“ speech in 1953 51gnaled, and put 1n place, a commltment of

theIJS. gcvernment to develcp c1v111an nuclear power reactors, .

The sense that it was 1mportant to get power reactors desrgned
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nature of national policies in support of high technology
‘industries for economic purposes. The American companies
COmpléined;_naturaily;-ﬁhat foreign governments were heéVily':
subsidizing their competitor.

- Japan. The Japanese aircraft industry, like the German, was
‘dismantléd"after'the'war;' Thé'industry got into Operatidn&agaih
- with'production;-under"license,‘of the.LOCkheediFf104, and other
military aircraft. Several small commercial aircraft projects
Vwe:é pursued in' the 1960s, and in:theJearly 19705;;:it.ﬁas oﬁlf _
‘during the Iate*19705}'however, that big chips began to7be”pﬁt '
down. - The ptésent”largeét'Japanese'cdmmitﬁent'to dévéloping a‘_'
gomﬁercia;'&esign‘and'production Capability'ihvolves R
-;'partiCipatibh, with Boeing, in building the 767 aircraft. To
'aghieve=the needed industrial caéabilities, MITI”OrgahiZed a
-'céégortium'éf fiims, and has contributed half the funds, in the
form of interest free loans to be repaidonly if the project" B )
turns a profit. Japan also is engaged in a collaborative engine
project with Rolls Royce. Recently Pratt &'whitﬁey,{and the
major German aircraft engine firm, have joined the endéavdr.
ﬁITI is providing substantial funding assistance to_this.prqject
-as_Weil.:“Wéll informed analysts believe that in the coming
years, Japan will be an import&nt'ﬁiayer in the'COmpetitive"*
aircraft production game, And the charge of R&D and production
 subsidy is sure'to be levied at them, as well as at the European

--nations.
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The Airbus case is an entirely different story: and since not

much has beeﬁ written on it,_warrants tel1ing in some detail; "As
'early as-1963 Britain and France had begun discussions about
possible joinﬁ,venture-to prqduce a large commercial subsonic
‘ éircraft. "By the mid 19608, the Germans, who were eager to |
expand theif preéenée in the aviation industry, joined the
discuSSions} The German aircraft industry had been dismantled .
after'Woﬁld_War II. During the lssd‘sg'under encouragement by
‘the U.S. government, German companies7bégan to produce the
Lockheed F-104 fighter under license. ‘There we:e-alsb a few
-~ small COmmerCial endeavors, but-hdthing'majo:~prior-to:Airbus.'
__gn.agreement'to'start development on.a 260~300 seat

wide-bodiediplane was signed by the three governments in the fall
of 1967. By that time the Douglas DC-10 and Lockheed L-1011 were
 ~#¢11-under development. Both were planes of roughly this size,
but aimed for mid-distance flight. The Airbus consortium tried
toféﬁoid'competition'wiﬁh the Americans by qhoosing a two engine
dégian tailored to the short-run market. '(ThéiAmerican planés B
each had three engines reflecting-bdth their ihtendéd longer
-range, and certain regulatory requirements relevant to the routes
they were expedted to flyJ This market niche was defined in
discussions with the European airlines regarding the kinds of
planes they.woﬁld like to procure. |

The British were concerned that the niche sought by Airbus '
Lhmight not be large enough to justify development éosts, a concern
heightenéa by the rapid growth of orders for the American planes..
Their withdfawal from the agreement left France and Germany, who

officially launched Airbus Industrie in December 1970. The
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but the French effort has been less scattered and, by-and-large,
less unsuccessful. During the”19505“the”French'gbvernnent”' -
authorized the development of the turbojet Caravelle. The plane
was designed for the short and nedium-range trips and, thus,
‘found’a niche in the first'generation jet”market,°where'the other

| planes =-- 707, DC-8, Comet ~= were designed forlionger range.
The Caravelle'was'dominated,:however,“bylthe'Boeing'727 which

_ appeared in the early 1960s. o o a | |

Except for the Caravelle, durlng the 1950s the French

government did not really push or try to direct commercial

, aircraft.deSign and development, Her efforts were Eocused on

. military aircraft. There appears to have been little of the

| sense’of'urgencyftosestablish or preserve a commercial airéraft

industry that marked the British case, perhaps because during the

war Britain had built-up a large employment in her aircraft

industry and France, of course, did not.

'After Caravelle, the next major venture in civil aviation was

~ the supersonic aircraft, the Concorde, a joint venture with the

- British. The French'interest'in”the:venture'fiowed from

fdellberatlons as to the approprlate successor to the now obsolete .

Caravelle. The British, frustrated by thelr experlence trylng to
~ develop and produce a long range plane dlrectly competltlve w1th
‘American planes, were interested in a technlcally advanced ’
transoceanic plane. The 301nt Concorde progect was born in 1962.
Enough has been.wrltten,about the Concorde sc that only a

:jsketch is required'here; “In contrast ‘with Airbus, which will be

| _:discussed”Shortly,‘in'the case of Concorde, very little attention

was paid to the nature and size of potential markets, or to how
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design, development, and production of civil alrcraft Durlng
' the early post war years a number of subszdzzed deSLQns were
”developed, accordlng to the plan. Most of these efforts were
aborted short of a veh;cle ready for a market test. The few that_
were fully developed turned out to be domxnated by American
~aircraft, | | - A

It is Lnterestlng that the Brltlsh desxgned and bullt plane
Etha.t marked the largest technolog;cal step forward - the De
Havilland Comet -- was developed and produced without government
5support. Turbojet airoraft were'not'in:the plan;.-Coﬁet, which
“got into productlon and use szx years before the Boelng 707 and
_the French bu11t Caravelle, turned out to have fatal technlcal
'_problems. Government funds dld go 1nto efforts at rede51gn, but
‘not sufficient funds so that the needed modifications could be
effected in'time to beat out Boeing. o | - | .

" The experience of the British“government of'betting'rightlvas
no better during the 1950s and 1960s than it was in the immediate
. pasﬁ‘wig'périoa; ‘bDuring this time the éovernmentveubsidlzed.the_
design of more than a dozen aircraft. only one f¥ Viscount.-;'”
can be"regarded_ae close to‘a_conmeroial'suooess. The
nationalized:Britishpairlinee; BEA and‘BOAC, were'ooerced'into
‘buying British'planes,'and as a.result;”often'were'disadvantaéed
relative to other airlines that had freedom to shop and who flew
competitive routes.u o | H I

“In addltlon to 1nvolv1ng itself 1n the selectlon and flnance
of aircraft development proJects, and in de01310ns regardlng what -
- planes the British airlines should buy, ‘the government.durlng the

'1960s pressured a reorganization of the British airframe and
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Aviationl5

- The story of government policies in support of civil aViation_
containé.a,number of elements in common with the electronics
t,. ’"‘fa'

sy -~
W & Ay b B

m

ory. BHowever,
) goverhments‘-Q particularly‘the_British'and'Frénchw--~have'_
- financed the development and subsidized the produdtion of"
particular,designs~aimed explicitly for a civilian.market;
‘Ihg_ﬂJL_Expgzigngg.; Except‘for-the“case:of'the-supersohic
;transport,-the United States government has been unique among the
five in not involviné.itself‘in deliberate direct subsidization
of civil éirg:aft development. As noted earlier, during the
ipter—war-peribd-the-governmentetook-a diregt.interest:in.the:-
| development of the U0.S. aircraft industry. The National Advisory
Cpmmittee_on;Aeronauﬁics*wasﬁestablished in 1915 to "investigate
_the scientificlproblemszinVOlved:in flight‘and give advice to the
-}g;litary air services and other aviation services of the |
‘é;vernment.“_,As-the‘Statément~of'mission-attests, the program
.ﬁ;s justified.in-terms.dfﬂdirect‘goﬁernment.(1arge1y military)
#eeds:but,~from;the beginning, the problems NACA worked on were
common to commercial as wéll as military aircraft. NACA's work. .
on engine and airframe stfeamlining-played an -important role in
enabling the design of the Douglas DC-3.- Thaﬁ aircraft, and
”planes that evolved from it (DC-4, DC-6, DC-7), dominated the
commercial airliner-market from:the mid-1930s hntilcthe.advent.of :
'"paSSengér.jet‘aircraft.1 During'this pre-war period, - the |
govérnment subsidized.the.airlinés, and indirectly, therefore,
civil aircraft design“and'develdpment th;ough-cbntracts-tq.carry_

airmail.
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The case of computers is somewhat special because of the N
" presence in Japan of IBM. IBM got into Japan-béfore'the'ﬁar énd'
.its'levefage:pn the Japanese also was éhhanded”by'the fact that
. it held some of the basic compuier'patents.' MITi.successfuliy
bargained licenses out of:'I'Br_{; and got IBM to agree to 1imit its
'_Japanéée'Séles but_iBH remained, until 1981, the'lérgéstsccmpﬁtéf
' company in Japan at which time she was surpassed by Fujitsu. Tor
help offset IBM's advantage, MITI helped the Japanése'COmphterf 
companies establish a computer leasing company, so'thét'théy-as.
IBM could offer their machines on lease. Japaneée'govérnméhé: .
purchasQS'of'COmpuEers'havé'virtually.all‘been from:Japanésé"
iemi o | » L :
| It would appear that in the late 1960s n‘!.ITI_'Iﬁadé"a-judgment'
_Jéhat"Japanese'éomputer'capabilify'w&s‘tbo'ftagmentéd, and that
Tgérginé would be in order. The large'japanese electronics
‘companies proved unwilling to separate out their computer deSign
 *aﬁd:manufacturing 6apabilities'ana to merge these. (It might be
noted that earlier MITI had similar trouble when it tried to get
“the Japaheée autp industry to mrationalize".) AS'a.compfémise,
'~ MITI organized and helped support seve;al'different”researéh'aﬂd
" development groups, each group oriented around a particuié:
strategy for computer design and commercialization. The target
for these efforts was not algoverhment market which could be
 assu:ed and'Sharéd:by"thé cooperating”firmé}-but the'highii
H¢°mpé£itive:genéfal'cdmmércial'market; Because of this, the
éobpefative'R&D?arféngéﬁents dffen pfdved”fractious‘sinée_the

- work being done touched on the potential proprietary interests of
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It ‘turned out that" there also was a large tlS. market for small
color televis;on sets, which Amerlcan companies were not
producing. Japanese color telev1sion exports to the Unlted
_States began by h1tt1ng that market.

What kznd of a role d1d expllczt 1ndustr1al pollc1es play°
_There was, certalnly, broad encouragement, protectlon of the
'Japanese home market, and the standard Japanese aSSLStance for
exports. In addltlon, MITI helped to fund a cooperatlve research
program that enabled Japanese telev131on producers to get ahead
- of American companles in fully exp101t1ng the opportunltzes
hlafforded by lntegrated circuits. The support here was for
tpgeneric research, not for the de51gn and development of spec1f1c
-products. The Japanese companzes themselves 1n1t1ated and funded
product deszgn and development. SOny s work, whlch led to its
spec1al tube des;gn, was not funded or even enoouraged by MITI.
Peck and Wllson have remarked that color telev151on was not an"
lndustry targetted by MITI. But it is clear enough that the
rlssue is a matter of degree not klnd MITI certalnly encouraged
. and aided the industry,- | '. |
Japanesewpoiicies in support of their semi—Conductor industry
__‘have a similar'flavor.' In the case of semi—conductors'the large
protected home market mas supplemented by policies of government
controlled enterprlses, 11ke N;ppon Telephone and Telegraph
(NTT), to procure equlpment that used Japanese made seml—e
.-conductors. The VLSI (very 1arge scale 1ntegrat10n) effort of
the mlddle 1970‘3 1nvolved both a procram by NTT de51gned to

develop and ultimately procure 1ntegrated c1rcu1ts sultable for
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a strong strictly French semi- conductor and computer industry,
'towards encouraging 301nt ventures with American firms, Not
many American firms would play the game, at least not under
French rules. '

Under Mitterrand, policy has shifted aoain towards a stricter
nationalism. Pressureslhave been.placed_on certain.branch firms
to sell out to Prench owned companies. In the case of video
cassettes, the French blocked 1mports of Japanese products, and
_then arranged a joint venture of French and Japanese firms to
- produce in Prance. It is clear, however, that the need to have
Japanese participation is regarded as a thorn.

| HEEL Gﬁzmanx The Zysman prop051tion, that French policy
has foundered in part because 1t mixed military and commerc1a1 |
objectives, is given some support 1f one contrasts the German
experience. As noted, the German government has, in recent
years, poured 31gn1f1cant R&D funds 1nto the German semi-
conductor and computer industries. The objectlves behind these
zsrograms have been self-consciousiy commerc1a1 . While mllitary
R&D spending has 1ncreased 51gn1f1cantly 1n recent years, the
mllitary and commercxally oriented programs have_been kept
separate administratively.. in the-commercially oriented program,
the German companies have been in a position to propo.v.e their own
preferred prOJects, as contrasted w1th_be1ng directed by a
r‘governmental mandate or procurement order, While the German

industry has not achieved outstanding success in the market for_

either semi-conductors or computers, these German industries are

recognized as7being significantly stronger than the French. It
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INMOS, a new company specialiting'in integrated circuits and
oriented towards commercial markets. Totallpublic'RaD support;
_however, has been tiny compared with U;S. fundlng under defense
and space etséices. British owned firms have not been eff ecu1ve
in generating exports, and even in the home'harketthave been
relegated ‘to niches. - |
' _Erange. The French have been much more aggresszve than the
Br;tlsh -about building commerc1al competence.: However their '
'programs in support of computers anad seml-conductors have been
”~marked by dual purposes. | o
'As noted earlier, French”interEStgin'aeveioping'a national
capability to produce c'ompi:_t'e'i:'s was 'm’oti-vated'.'in'iti"al'i? by o
urestriCEions'imposed“bv'the‘ﬁis; government'oﬁtting'offlaccesshto
an ‘American computer Judged necessary for the French nuclear'“
program. The response was to establlsh a new I'natn.ona]. champlon"-
in compaterS‘—- CII'*-'and to mount a prdgram of R&D suppOrt
" sémewhat later, the French government also establzshed a natlonal
champion for sem;-conductors. Slgnlflcant R&D fundlng was
provided under a series of programs. These moves marked a desire
both to build a French capability to meet the needsiof'military‘
'procurement, and at the same tlme a capablllty to compete -
"effectlvely on commerc1al markets.' 2ysman {1979) has argueo that.
'_this built-in schizophrenia virtually guaranteed failure to
- achieve the latter objective. AS‘with the British; French,ﬁ*‘"
'mllltary R&D sgendlng was not 1arge enough, nor were the
..object1Ves ambitious enough, to ‘pull the technologies beyond

where the Americans already were. At the same time, the military
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to procure electronlcs equrpment based on the new technology.

The new frrms were in the forefront fJ.rst in the mrlrtary and

'hspace procurement market and then in the c1v111an market for

It is Important to. understand that these Amerlcan defense and

space programs were masslve, compared w1th European and Japanese

- pub11c expenditures on R&D in these 1ndustr1es, and were far more
_ambitlous in terms of the technologlcal advances sought than

' anything trled by other countrles. Prlor to World War II

Amerzcan 1ndustry certainly was not laggard in electronlcs, but
was not notlceably superior to Brltlsh lndustry and, 1f anythlng,

German firms were conSLdered to be the technolog1cal 1eaders."It

falso should be noted that several European flrms were qulte qulck

- to- get 1nto tran51stors and, untrl the rntegrated clrcult era,

d1d not lag greatly behlnd Amerxcan flrms.' But. by the early

19603, largely as a result of these defense and space programs,

- U.S. firms were the acknowledged technolOglcal leaders in

computers and integrated c1rcu1ts. | |

It should be noted that, 1n the eyes of some observers at
least, after 1960 the lead in computers and the lead in semr—A
conductors went hand in hand (See in partlcular Malerba (1983)}I
The leadlng Amerlcan computer companles 1ncreas1ngly provrded the

key market for advanced seml—conductors. In turn, Amerlcan

strength in seml-conductors supported our computer lead. By the
- mid- 19603 it probably was the c1v111an computer market that was
'exertzng ‘the dcmlnant pull for new technology, wlth nllltary and S

"space less lmportant than before
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Ssml_cnndnctnrs and Computers _

- The H;S; Expe;;gnge ‘The U.S. seml—conductor and
:'computer industries, still clearly the strongest 1n the world,
were enormously helped in their early days by a Department of_
Defense interest in the underlylng tEChROIOgleS. Whlle the
.detalls dlffer, the broad storles in the two 1ndustr1es are
:31m11ar.12-' | | o | |

" Almost all of the exploratory research and development
efforts that 1ed up to the early electronlc computers was'
financed by the armed forces.' The government was v1rtually the
sole market for the early operatlonal computers and contlnued to
- be the domrnant market lnto the early 1960s.. Governmental .
fundzng of R&D and procurement was motlvated.strlctly by natzonal
securlty 1nterests.' There is not a hint that anybody 1n_
government had in mlnd that they were creatlng an 1ndustry that
would be a major economic asset Very few of the companles
1nvolved in the early work for government belleved that there
“would be a large c1v111an market, as well as a government one.
Of course 1t later turned out‘ that there was a very 1arge non-‘ |
governmental market for computers. The ma551ve government
support to computer technology prov1ded U‘S. companles w1th‘a‘
head start that strll has not been overcome by forelgn companles.

‘The ELS. experlence w1th seml-conduotors has some 31m11ar
| elements _and some dlfferences. Perhaps the key dlfference is

'that ‘the bulk of the early R&E was prlvately,'not publlcly,

"_flnanced The work leadlng up ‘the tranSlStOr was motlvated by

. perceptions ‘of the utility of such a devise fer the telephone

. system. Once the transistor had been invented, however, the
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~ that aim to help the Japanese firms to catch up with and then to
surpass foreign "technol'bgical capab’ilities'. I ,des_drib'e these
programs in 't__he- following section. |
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establishing_branchee in Japan, and while policies have

liberalized someﬁhat'in'reoent years, by and large foreign firms

have been kept out of industries MITI has judged strategic.

 The Hinistry of Finance in Japan long'has had policies'that'
restrict the ability of Japanese banks and other financial
instltutions to send funds'abroad.v.Also, thegequity'narket is
much less well developed in Japan'than is the ﬁnited-States. The
bulk.of"the'large private savings in.dapan thus £low to Jaganese
hanks or ineurance'oomganies,.where they in effect form a'pooll
_ reserted'for.Jabanese industries.' The banks pay low rates to .
_Saﬁers; lendlng rates are low, and credlt is ratloned Aa ZYSman
(1933) and Flaherty and Itami (forthcomzng) have po;nted out,
this f1nanc1al system is 1deally sulted for government guldance

of anestment The leverage is Ln part exerted through

. government lendlng 1nst1tutlons,_but mostly through MITI guldanceg

_of prlvate bank 1enders. MITI in some cases has effectlvely
exerted qulte detailed control over the tlmlng and allocatlon of
new phy31cal lnvestments in an 1ndustry. |
MITI has played an lmportant role in helging'Japanese learn
about Western technologles and manufacturlng methods. | |

'Sc1entlsts, technic1ans, and managers have been sent abroad to

observe and sometlmes to study. MITI has requlated and channeled

the'flow-of technblogy'licenses. 'And over the last decade or so
,'MITI has both provzded R&D support and a mechanxsm for |
coordlnatlng R&D allocatlon dec151ons in the hzgh technology
1ndu=tr1es it is pushlng. Perhaps more 1mportant than any

partlcular 1nstrument, has been the general agreement among
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.European countries. From this point of view the miracle
translates into very high rates of investmént and physicai andu-
human capital. ' The question then becomes how the Japanese are:
"able to sustﬁin'these high rates. |

| Other scholars turned their attention to peculiarities of
Japanese culture and institutions. Lifetime employment and

its alleged implicationé was a trendy topic a few years ago.
‘*Recently-it has been*the_Japanése'stY1e of management.

Interest in Japanese industrial policies, and MITI in
particular, is a Johnny-come-lately. I say this both to warn
:that,:while recent scholaréhip is clearing up the matter
_‘soméwhat,,there'still*is‘some.question-exaCtly:how JapaneSe -
industrial policies wofk, and to flag that these industrial -
policies are only oneﬂof.a number 6f.features that distinguish =
Jépan from;the-Uhited States, and from the-Eutopean‘n&inns.

o The active, shaping, role of the Japanese government in
'iﬁdustrial development is not new. It goes ‘back to the Meiji
reéforation~which wasg, ‘after all, tfiggered by the shock of

' éﬁ&reness of Japan's great'technologicalland economic inferiority
_'cbmpared with the Western powers. Since that time Japan has been
playing catch up. - By the advent of World War II Japan clearly
was highly competent in most 'of the industries that mattered for
military'production,“a fact that Americans strangelv seem to |
forget in talking-about the Japanese "post war" miradle. The
instruments used in the post war period were used, effectively,
in the prefwar era. The post-war MITI has recognizable

_.connections‘with'théfagency that ran ‘the Japanese economy during
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technological-leader\in most f£ields of chemistry, electronics,
~machinery, and aviation. ‘Her system of scientific and technical
" education and basic research waS'wiHely regarded as preeminent.
| The traditional policies have been reaffirmed in the post
World War II era. Strength in scientific and technical training
has been streSsed}"aqd the:govetnméht:suppcrted lébOrafory
.sttucture'éxtended; | | |
Perhaps the most intefestinélpart of the German industrial
polidy apparatus is thé HiniStry.fOr'Reséardh:ahd'Technplogy,'
formed in the early 1970's. It stands separate from, not jbinéd'
with, the Ministry of“EconOmics,'ahd'is”focdSsed,on'ehhahcing_
Gefman industrY'technologiCal'éomﬁetehce.' The Ministry has cbmé”
to'actQas a'sdrt’of National Science Foundaﬁioh:for industrYQ o
‘Within certain broadiy defined areas, companies submit proposals
t£0'the Ministry for evaluation by a committee cdnsisting of |
government- and non-government experts. In general it is required
“that company funds, as w&il as éubl ic monies, go ihto_thé e
:ﬁoneéts that are accepted. The public funds"iﬁVOIVed now éreﬁ’l
substantial. The percentage of industrial R&D financed by
' government in West Germany is n@t'much‘lbwer_than the fra¢ticn”ih
the United States, the United Kingdom, and France, despite the
fact'that'military R&D spending is much less in'Germany{' A
| _vThe'German'policies-in"suppott'of'high'technglogy industries

~ are well worth following closely. As with Japan, German policies

©  pursuing economic objectives have not been tangled with narrow =

national security objectives. By and large, the present Germani.
‘policy looks like an R&D support policy and the support is

provided through an agency specialized in that. Unlike the =
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France and Britain. Perhaps the major reason is that Germany
- ‘doesnot now have and still is not aiming for a rﬁajor"def‘énse' |
-design'and production capability. Like Britain she has not
viewed dependéncerupon:the United States for certain technologies
as cause for embarrassment, or alarm. _ |
Prior to World War II, German governments seldbm'were'shy
~about pushing“an industry; or an industrial development, that:
';;they-thought‘ought:to be advanced for the natipnal good. In this
;senée, the-Germén tradition had been quite like the French.
Government policies to support the development of ihdﬁstrial
-strength were explicitly justified by the objective dfxbuilding
_military strength. Since'Wbtid War 1I, the attempts of German
goverhments to direct resource allocation have been quite :
constrained. The contrast with the §ré-war:view of the role of
gbvernment ce;tainly is partly due to selféconscibus_efforts,

monitored-by'the victorious allies, to distance post war Germany

f:omfé&iliér-traditions that had culminated in two world wars.
In any case, inducements to government direction are diminished
wheh there is no defense industry to support and no desire to
build one, (although Japan is a counterexample). Recently,"
_Germany'has-mbved to engage in some military production but, for
'obviﬁus reagons, this has been restrained.:

While post war Germany has been touted as a'.bastion'where
market forces reign and the government does not try to plan or

direct, this is something of an exaggeration. In the

‘reconstruction period there was a considerable amount of
'§ : government guidanée}_and tripartite discussion about zppropriate

directions. Later, the German government déveloped a strong -
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airliners designed and produced in Britain and France have been
money losers. The Airbus is an exception; I shall discuss it
later. Britainalso is similar to France in that her basic
“public utilitles are nationalized. Thus the British airlines can
be strongly urged to buy British made planes. The-electrical.
_~network'will'buy'British'reactors; Telecommunications can be
urged to buy British made electrcnic'eQuipment.:'Britain has
-subsidized commercially aimed work in'her computer and semi-
conductor industries, but not as heav1ly as France.

While the British have been much concerned with natronal

_securlty and, where plausrble, has preferred to make mllltary-'l

equlpment at home, there has been ‘nothing like the French

paran01a about dependence on the U.S. The Brltrsh generally‘(not'

always) have been w1111ng not to develop a natzonal capablllty,

if it were judged very costly to do so, and :|.f a deal could be

worked out with the Americans. . | .l B
Whlle from tlme to time, generally but not always under the

ansplces of a Labour government, Brltaln has tcyed wrth‘the |

rhetoric of some kind of general economic planning,'this;neter:f

“has amounted to much. zeal for nationalization of kef industries

has waxzed and waned. ﬁuclear power, aircraft, and toc a lesser

extent electronics aside;‘effbrts at industrial reconstruction -

have 1argely been directed toward industries that were in deep

f1nanc1al trouble, and where serlous jOb loss was occurrlng and

‘more threatened. - o R ) | |

i In-"Britain there has been a long tradition'of'br‘oad'

..Qovernmehtal'concern for the R&D activities of firms, and of

government'encouragenentland occasional support. Shortly after
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programs. Before the French government declded on 1ts response,
France s second largest computer company (after IBM), the then.

French owned Machines Bull, got into f1nanc1al dlfflculty, and

government's plan tolcreate a self-sufficient French computer
-capabllzty got into actlon, Machznes Bull was excluded from the
consortlum of French firms put together to form a Fnatlonal
champ;on" Clearly a lot more was erV1ng that polrcy than a
' str1v1ng for srmple economic galn. | | o
In the 19703 the notlon that France s economlc future rested
on her high technology z.ndustries began to take hold it has been
"trumpeted by the Mltterrand government. As our earller o
'statlstlcal analy31s showed, the bulk of government fundlng of
1ndustr1a1 R&D in France contlnues to be channeled through
'defense agencles. However, over the years the French
'government has developed a varlety of 1nstruments to share lny__
h'the cost of commercral 1ndustr1al R&D pro:ects. :When zt-came to
“.power, the Mltterrand government had every 1ntent10n to use these
-1nstruments heav11y. In addltlon, and wrth the objectlve of
galnlng more control by government agenC1es over the R&D and
1nvestment p011c1es of h1gh technology frrms, a number of those
that had been left private, up to then, were natlonallzed
' In sum, the contemporary French polrcy Ln support of 1ts hlgh'

-technology lndustrles for economlc objectlves remal ns rntlmately
”lntertwlned w1th ltS natlonal securlty polxc1es. Both 1ong
‘..standlng bellefs that government should dlrect lndustry when the
.stakes are hlgh, and the natlonal securlty lnterests in hlgh

technology lndustrles, has led the French government to try to
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As some of the more basic and obvious measures of -
reconstruction were completed, old hablts of thought, newly
_re;nforced, turned toward plann;ng long range economlc growth :A
qu;te detalled economic plan, drawn up in dialogue between c1v1l

‘servants and people from industry, became the symbol 1f not
necessarily the substance, of French induStriel'policy."The
direction of Prench p011c1es came to be fought out in connectlon_
with the formulation of the plan. ‘The plannlng bureacracy became
‘an 1mportant voice arguing that Prance must modernize. ‘
~Many influencial French citizens came out of the war‘uith a
strong sense of French economic as well as mllltary 1nferlor1ty,
~and a determinatzon to catch up. If the explicxt plann;ng -
structure was a new departure, the instruments of 1ndustrlal
_-pollcy were the traditional ones, 1f used in helghtened degree.
These included access to low cost CIEdlt, outrlght subSLdy of ;
certaln”klndS'of'actlvitzes, ‘protection from 1mports, ‘and in

 certain cases government procurement. Bank finance in France is

"rationed" to a far greater extent than in the United States, and

'the infiuence on the banks by the PFrench gouernment is much:'ulﬂ
Itighter than is the“caee in the U.S. Zysman (1983) has presented
'a powerful argument about how the nature of a netion;s'inueetment
_ finencing'SYStemfeffectS'the ability of the governnent to steer
ellOCatiOn'of'fnnds;"fn France, and'Japeﬁ,'the'system is
_amenable to effective government steering. Also, in France the
‘;government controlled market extended far beyond mllltary .
equlpment.‘ France came out of the war w;th a sxzable _
nationalized sector. As in many other Eurooean'countriee;:in

France utilities like electricity generation and transmission,
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relevant hlgh technology 1ndustr1es was plecemeal, and sporadlc,
-after world War II the Department of Defense systematlcally
funded R&D in alrcraft, englnes, and electronlc systems.. As we

'shall dlscuss-later, Department of Defense programs were. dlrectly

frespon51ble for American preemznence in electronlc computers, and

seml-conductors, as well as jet passenger alrcraft Later, NASA
funding provxded support to roughly these same 1ndustr1es. The
role’ of the Atomic Energy Comm1531on in sponsorlng the . |

development of c1v111an power reactors was strongly llnked 1n the

"_ early days W1th 1ts role in the development of nuclear weapons

and - nuclear ‘reactors for submarlnes and a1rcraft carrlers."

The presence ‘of the’ Amerlcan p011c1es descrlbed above, and a
general self-confidence of the Amerlcan people that they were the
_technologlcal and economzc leader, has, untll recently, | '
-restralned any major moves toward the development of p011c1es in
support of high technology 1ndustries expressly for economzcl
purposes.' However there have been several eplsodes where such |
*pollc1es were serlously dlscussed at hlgh levels 1n government.

During the Kennedy Admrnlstratlon, proposals for a c1v111an

1ndustr1al technology program were put fortn. For the most part

the suggested programs were not almed at high technology
-zlndustrles, but lagglng ones. In any case,‘not much ‘came of thxs
dlscu551on. Another dlscu531on surfaced in the flrst leon_
Administratlon. The occa51on was the fall-off in mzlitary and

'space R&D spendlng whxch occurred dcrlng the late 1960s and

growlng apprehenszons that other countr1es were beglnnlng to galn

on_us.' Agaln, very little came out of thls endeavor.' It mlght

be noted, however,'that'during the_late 19605 the United States'
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. The United States certainly has not been passive regarding its
high technology industriesr' In the flrst place, for many years
‘the Unlted States was far ahead of the rest of the world in terms
of the fractlon of its youth who went through secondary o |

educatlon, ‘and college._ While in recent years Japan has surged

- past us in englneerlng educatlon, 1f numbers of students galnlng

a degree be the index, the Unlted States contlnues to rank hzgh
in the fractlon of the entering work force w1th a college level |
degree in science or englneerlng. Vlrtually all the secondary
.education, and the 110n s share of the advanced educatlon, has R
taken place in public 1nst1tut10ns and has recelved large | |
B lnfluxes.of publlc funds.' Sc1ent1f1c and englneerlng educatlon
has been s1ngled out for spec1al help. o | ] | '_
The Unlted States, 11ke other countrles, came out of the N
flrst World War lmpressed with the 1mportance of certaln hlgh |
technology 1ndustries for nat1ona1 securlty. Durzng the 1nter- H
war perlod a variety of measures were taken not only drrectly to
_procure new mllltary alrcraft, but to buzld up the technologlcal
strength of the lndustrles produclng alrframes and englnes._'
I shall glve more detall on thls experlence later in this essay,
It mlght be noted here, hOWever, that the Pratt and Whltney o
_alrcraft englne company was formed w1th consrderable governmental
encouragement. There was like encouragement, and governmental J
restructuring,_of the radlo_rndustry. The Radlo COrporatlon of
'America‘was formed, under‘governnentaliprodding, to 1ncrease"
_'American strength in radio technology and to cut through certainy_r
tangles about patents- the express purpose was to get our"

1ndustry to the forefront of radio technology.
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Section IV: _Qqalitative Charaotarizing of Broad Policy Positions
A different view of the industrial policies is contained in

broad qualitative characte:izations of them and the institutions

o
o

theif high technology lndustrzes. Thls is an art form Whiohghas.
mbeen used to good avall by Raymond Vernon (1974),' and morer |
recently by Jack Baranson and Harold Malmgren (1981). Ira
MagaZLner and Robert RELCh (1982), and Laura Tyson an& John
Zysman (1983).‘ Somatlmes, as in the_fo:ament;oned_studies, the
analysis is explicitly,comparative.f'Ip_other‘cases the”focus is
on a single oountfy, aith:othar count:ies being treated as
benchmarks.  . | _' _ o o _ | |
| Such analyses aim to 1dent1fy s;mllarltles and dlfferences,

and to try to assess the consequences of the observed
._differenoes; The latter exercise is eopecially difficult. And
:oaoause of limitations of our abilitf to evaluate consequences of
various differences, even the first part of the exercisa -
simply-identifying‘the'relevant differences =-- becomes
problematic. The policies and institutions of the different
countries that conceivably could bear on the performance of their
high technology industries-are'ext:emely rich and variegated.

There are many strategies I could follow for presenting a
. broad comparative analysis. For the purposes here, it seams
‘convenient to proceed by, first, sketching the situation in the
Uniﬁed States. I then describe what I think are the salient
~differences between.the United States and the major European -
countries, and among the European states. Finally I turn to-_'

Japan.
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‘does it matter, or it does it not matter, whether government R&D
funds flow1ng to the electronlcs xndustry are part of a defense
program, or part-of an industrial pollcy? Whlle.we now
understand”sonewhat better'the nature'of'the'government prograns
'that are assocrated wzth various government R&D flows to |
‘industry, and have a stronger apprec;atxon of how the act1v1t1es
financed by those monies 1nteract wzth other act1v1t1es 1n .
influencing technologlcal advance, we are not yet 1n a 9051t10n
to spec1fy the form of the equatlon to be fltted. : | o

There are several quantltatlve studzes 1n whlch these.'.
;“problems have been av01ded because the focus was on a partlcular-'
relatively narrowly deflned area, a program or even a pro:ect.
‘Almost all of these studies have been of the effects of publlcly‘:
supported agrlcultural R&D in the tLS. The largest group of -_
-these have Been concerned wzth estlmatxng the- returns of a flow |
of publlc R&D 1nvestment, often accompanled by prlvate ones, h | ;,)
'almed to create a new klnd of agrrcultural 1nput (hybrld corn
seeds) or lmprove a partlcular product (poultry} These studles_
have been detalled encugh s0 that the relatlons used to perm;t
_estlmatlon of a soc;al rate of return have con51derable T
‘plausibility. The estlmated returns have generally been very_
:hlgh 7 o : : e

‘There also have been some studles that have examlned, inISOme
'_detall, the contrlbutlon of NASA R&D to technolog1ca1 advance of
_1mportance to the civilian economy. Despzte ‘the fact that
c1v111an benefits- usually were not the- pr1nc1pa1 objectlve, for

some of the pro;ects ‘studied the c1v111an beneflts were

substantlal 8-
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In the early 1960s, Britain, France, and Germany were quite
close in levels of per'capita income and average productivity.:'
. since then, the capital-labor ratio in France and Germany has -
grown much_fa—ster than in Britain, or in the U. S.,'an-d' so has.
:"outputuber'worker. By 1980 France and Germany, but not Brltaln,
had come close to catchlng up w1th the U'S. 1n product1v1ty
levels."" | | ' |

Clearly the relatlonshlps are compllcated 'i believe in”the
analysis sketched above, but rellable quantltatlve estlmates of

the role of R&D and other factors are hard to devzse.3

The analyt1c-difficu1ties diminish somewhat, but remain.
severe;&whén_the‘analjsis is'concerned with data at the industry_
Tevel. ’Unfortunately;'to my knowledge there'has'been no'studﬁ :
1 tracing the relatlonsh;p between various measures of B
‘technologlcal progress in an lndustry in dlfferent countrles and
various kinds of R&D 1nputs in those countr:.es.4 'Virtually all |
studies using industry level data have focused on the Unlted |
_FStates,'and been concerned with ctoss lndustry comparlsons.' The
attempt is to explaln the ‘cross 1ndustry dlfferences 1n some |
measdre of technolog1ca1 progress, usually growth of total factor
-7product1v1ty, by R&D, broken down in varlous ways, and other L
tvarlables. An 1mportant flndlng of many early such studles was
that an industry’s growth of total factor product1v1ty was o
_strongly lnfluenced both by R&D done in the 1ndustry, and R&D _'
-~done by supplylng 1ndustr1es.5 " | ' o
o These early Studies-usually did not distinguish_betueen'
government financed.R&D and privately financed. More recent.d

'ostudies_have, Various functional forms have been explored. 1In -
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labeled as for industrial growth. The defense and space R&D
funds haturally flow to the "leading industries®. The countries

- without a large defense or spacelprogram apparently have

Ll Y od a3 L]

: electronzcs industries.

It seems important to know in what ways funds that are
‘labeled as for "industrial growth" are allocated differently than
fﬁnds that are labeled as for "defense" or "space”. While
certain'groes-differences_would appear to be obvious -- in most
ceses iteme'procured by the military differ‘in'significant ways .
from items that'are sold On*eommercial markets -- there may be
less here than meets the eye. First, what is learned in a-
program aimed'to design and develop a piece of military equipment
may lead relatively directly to a follow-on ptbduct-for the |
civ;;ian_market. As we shall see, there are a:number ofiexemples
tqg_this sort. ﬁut second, a,portion,of}defenSe and space'related
R&D is not tied up in work.on particular designs, but is much
moré generically oriented. It appears that a considereble share
of the R&D financed by governments in pursuit of the goal.:'of
"industrialtde?elopment" alse is generic in nature. To what
| exteht then do defense oriented proéreme,'and inéustrial
, development otzented programs, financermuch the same thing? It
clearly is 1mportant to get behlnd the data and examine the
ﬂ”prOgrams in more detail. |
The same klnd of dlfflcultles should make one skeptical about

what can be learned from studles aimed to measure the 1mpact of

government R&D spend1ng.~ The problems are most severe when the
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R&D in the air and space industries is largely financed by
~ governments. In the late 1960s such spending was closely tied to
'~ defense, The increase in Japanese and German'public R&D funds

and sp aee gsince the 1ate 9602 is assoc ;a_t ed with

Ir1‘ '

going into ai .
some rise in thelr defense R&D budgets, and an lncrease in thEII
funding of R&D on commercial alrcraft.

Considerable public R&D goes into these two large industry
'complexes in al; countries. In Germany and_Japan.there also is
consrderao;e'public finance_of.R&D in_the machinery'industry,-_
The other large RaD intensive indnstries,'chemicals and'chemical
linked prodncts (largely pharmaoeuticaiS), and*Fother transport“
':(largely automoblles), are flnanced mostly by 1ndustry. o

Table IV describes the distribution of government R&D by
soc1al objectlve.' NOthE the small percentage of government R&D
going to "industrial growth, not otherwise cla331f1ed * If one
.adds in transport and telecommunlcatlons the numbers still are
small. In some countries energy.related R&D is=signif;cant; most
of this is nuclear power. In a few instances civil aeronautios
is significant.. However the.dominant impression is the very
.1imited scope of governnent'R&Dusupport-for-high teohno1ogy
inoustries for commercial purposes.

‘But it is dangerous to.draw any quick co_n_c.lusions 'abo.u.t the
unimportance of government support, and reasons to suspect that'
the numbers above that purport to measure a. country’s active |
;]industrlal pollcy may not tell us much. Notice that the two
countrles with the greatest commltment to qovernment flnanced
Hdefense and space.R&D spending —-'the-U}S. and the U.K. -- put

relatively little government money into R&D programs explicitly
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" countries in question.. While there is some variation across the
countzies in the ratio of industrial to total R&D, the range is
relatively narrow. There are differences, however, in the
‘fraction of industrial R&D financed by government. Note the ;T
strong correlation of governments’ share of finanCing of"ﬂ'
industrial R&D, with the emphasis on defense'R&D. Japan and- |
iGermany, the countries with the smallest fraction of national R&D
given‘to_ defense purposes, are at the bottom of the l.i.st o
fregarding the government;s share of indnstrial'nan Wnile
Germany is ‘cloge to the pack, government industrial R&D spending'
in Japan is very low compared with the rest. | -

Table III presents data on the distribution by industry of
industrial R&D spending, broken down by source of finance._'In
all countries the electronics-electrical complex of industries
attracts between a £fifth and a third of both private, and public,
industrial R&D funding. While the countries are roughly similar
in the_fraction of the governments' 1ndustrial_R&D bndget.going
into these industries, the fact that in Japan and Germanw the
gowernment acceocunts for a relatively small share of total
industrial R&D means that the public share of electronics R&D
financing in these countries is small compared with that in.};
countries with large defense R&D efforts, like the United States.
| Most of government R&D spending in these industries is for t
.defense, Programs in support of reactor development . channel
‘ffunds into the electrical equlpment industry, but these moneys
are relatively small. As we shall see,.programs.in.support-of
commercially oriented R&D in electronics are very small compared.

with defense related programs.
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TABLE I

, R&D Expendltures as a Percentage of GDP' .. Total, Defence,
Non-Defence ’ - ' i

-°'1963 - 1967 1971 1975 1980

United States T ' '
© fTotal = 2.90 2.90 - 2.60 . 2,30 2.45
Defence - '1.37 - 1.100 0.80 0.64 0.57
Other 1.3 . 1.80 - 1.80 ~ 1.66  1.88

Un:.ted ngdom S : o
‘Total 2,300 - 2.30  2.10% - 2.10 1,83
Defence 0.79 0.61 0.53 . 0.62 . 08.72 .
Other- - 1.5 " 1.69 - 1.57 o 1.48 0 1.11

Prance . it - o
Total 1.60 . 2.20 1.90 . 1.80 _ 1.83
Defence. . 0.43 0.55 0.33 . - 0.35" 0.41
Other - 1.17 1.65  1.57  1.45  1.42

Germany - , N o o
Total . 1.40 1,700 0 2:10 0 2010 0 0 2,27
Defence 0.14 0.21 . 0.16 0.14  0.12
Other ~  “1.26°  1.49 1,94 - 1,96 © 2.15

: Japan ., . ; . Lo : e o . _
Total 1.30 1.30 1.66  1.70 - 2.04

Defence’ - “0.01 S 0.02 ~ - 0.0l = 0.0l
Other 1.29  1.28 - ~ 1.69 2,03 .

Source QEQE

: Except for 1980 numbers taken frem Table I of Technlcal
_Changes and Economic Pollcy QECD 1980 I

a) 1972
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In this and the follow1ng two sectlons I describe and analyze
-the policzes of the five major 1ndustr1al nations towards their
high technology industries from three different angles. I will,
flrst, con51der certaln quantltatlve aspects of these ‘programs,
presentlng data on R&D spendlng, and rev1ew1ng some Of the
studles that have been made attemptlng to. assess the returns to
pr_:.v_ate and prub_J:_:L_g_::_R and D._ _It;_se_ct:.o.n IVI w:.ll des_cr:.b_e,
qualitat;vely end in,b:qad terms, the policies of these nations,
and._how they have evolved.  Then, in sectionV, I focus on three
'majo:-industry g:oups_—_semi-copductors and computers, civil
ai;ststt, and huglear ppwet.;,

| Each of these_views revealS'certain_things; but obscures

otheFS;_HTpésther they provide a.rich, but:certainly;still-ndt-'
complete, pisture-of_post war experience. Availsble-evidence and
ﬂplatsiblezigfetence_does, I_believe;,enable one to discern at .
least the outlines of'ﬁhat the pplicies in fact havesbeenw-.no
'ttivisl ;ssueiin view of_the several conflicting statements about
2tﬂem. As we shall see, however, while certain,things can . be said
with,some confidence-about,the,effects.of these policies, there:

~are many puzzles, blank spots, and open gquestions.

BIIEERSE IQ Measure RQllSlﬂﬁ; and Their Imnssts

To begin, it lS useful to review the data on dlfferences and
'simlla:;t;es across nations in patterns of total and government_
'"Rsp;spendipg._ For some,time npw'the_OECchountties have been
collecting and publishing R&D statistics that are roughly
comparabhle, zThese numbets_would.appear totenable us to assessy

to a first approximation; the magnitudes of the R&D. resources
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involved, ‘'government tutelage of 1ndustr1es deemed in the publlc
'dlnterest. ‘These tradltional pollc1es have, wzlly nllly, served
‘as starting places for the new 1ndustr1a1 pollc1es. But only as
_Jstartlng places. ‘The new pollcles face dszerent objectlves and

- constraints than the more tradltzonal ones. As we shall see.

some very speclalzzed structures have been developed to deal with

. the new targets ‘and problems. The questlon is the efflcacy of |

these new structures to the new assumed tasks.

26

)

~




Policies in-support of high technology industries seeking
economic benefits have grown at least as much out of traditional
defense prOCurement policies as from traditional policies in
support of generic research. But the technology relevant to
products -thst a government agenc'y wants to procure may or nay not
be a basis for products that wiil:sell.orofitabiy on a civilian
:market; 'One'key'questiohris whether, and if'so how, variants of
the old procurement policies, more consc1ously almed to enhance _'
ClVll capabzlitles, can advantage the domestic 1ndustry in
international competition. Another is whether securlty and
economic interests'are complementary, or'whether.they tangle each
other. | | : | | “ |

Among the’ present day major 1ndustr1al powers, the Unlted
 States and Brltaln are extreme in the extent to which government
1nvolvement in the detailed guldlng of the economy is seen B
largely as a danger to be avoided unless a clear-cut public L “)
interest, like national security, is involved. In other o
-couhtries'government guidsnce,dprotection,.and support, ere seen‘ '
.és'naturaliinstruments'todbe used whenever appropriete to further |
_the'natibnal interest. Part of the difference undoubtedly 11es
in the Anglo—Saxon, and Amerlcan, legacy of deflnlng freedom'
largely as freedom from government. Part of it comes from the
fact that neither Britain nor the-United'States'deueiopedﬁa
tradition of Strong state economic guidance, acconpanied by
‘protection,and'subsidy; as occurred seuerai'centuries ago,in'
France, and during the 19th oentury'in Gernanygend Japan. In |
these countries there is'far'lessdresistance'to the idea that
‘tutelage is appropriatelforVindustries £hAt'are in the netional
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1 them to catch up with those they perceived as the technclogical'

"~ . leaders.

Whilerﬁuch of:governmental support of academic research and
teaching goes-to the traditionallbasic science disciplineSy-like
physics, a good portion goes to the applied sciences -~ like
_ pharmacology, or computer science, :or electrical engineering -—

" which are quite close to certain technologies and industries. .

Public support partly reflects, andrpartly assures, that /

technological knowledge.has an important public component as well

as a private one.. The‘pubiic part of;techndlogical knowledge

- genera;iy-doeSanot“:elate to:the'design:or'opefational'details-of
a particular product or process, but to "generic® knowledge --

:_.broad deszgn concepts, general worklng characterzstlcs of
'processes,_prope;tles of materials, testing techniques, etc.

'fSuch_khowledge often is not patentable. While such knowledge

E‘\.../

sometlmes can be protected by industrial secrecy, this may be -
dlfflcult. 'Also, this is the kind-of knowledge that must be =
lmparted to thoge trained to be engineers, or advanced'-
' technicians. Therefore, it would seriously interfere with the
ability of technical schocls; and uniVersities; to provide good
training if the-reievsnt'knowledge were proprietary. Thus, there
are'strong incentives for such knowledge"to'beitreated as.public.
In many fields there is a well estabiished research community,”
with participants both in-universities and infindustry,-Who'
'contribute-tofgenetic kncwleﬁge.' |

~The presence of well established networks of generic
research, with roots in academic lnstltutlons, and traditionally

financed in good part by government, provides one'impcrtant road
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ability to f£ind out where firms are allocating their own R&D
efforts. To the extent that public monies aim o “fill?gaps*°in
‘the private portfolio, it may be no easy matter to £ind where
these gaps are. There also is the danger tnat publlc zhnas may
dupllcate, or replace private funds. | '

_ Also, private firms are Iikely’td resist gbvernmental"n
' programs that they see as cutting into their own turf, or helping,
-competitors. In a dembcfacy industrial pclieies must_be regafded
tas *fair®. Put,more.generaliy, it is a mistake to think that an
industrial policy can successfully be imposed upon an_industry;*
To be effective 53policy'requires"atdegree'of‘¢qeﬁeration‘and.'”
_participation'froﬁ'the'indﬁStrj,fénd members of the industry
inevitably areeQOing‘td’be'influehtial'ihxshapingwény:pOIicy.”'

New policies in support of high technology policies, in |

search of economic advantage, also are constrained and molded by
the fact that they are not planted in new ground. ‘:Tﬁe' "
Schumpeterlan view of technologlcal progress and competltlon,
sketched above, is one-sided. It hzghllghts proprletary
' technologies, private institutions, and the profit'ahd powef
m¢t'ives' of private parties, and leaves hidden in the shade the
very considerable long-standing public involvement in high
technolegy'induStries.. In many c&untriesTthis'inéqlvement hes
intensified significantly in recent years as the new industrial
_'policies'haVe been'éonsCibule}set in train. Howeve:,'the'
.ﬁodern pblidies have recognizable roots;intmore traditional bnes[
'Wthh at once g:.ves them a certain lng.tJ.macy, and a set of T

'hablts of thought and actlon, which’ may ‘or may not be approprlate
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effort. The premlum placed on ach1ev1ng an invention first, so
as to get a patent, or at least a head start, may lead to undue
_ haste and waste, That three companles -- Mcbhonnell-Douglas,
Lockheed, and the Arrbus consortlum - all tried to compete in
~;the market for w1de-bodied, medrum—srzed alrllners surely meant
that total costs were excessrve, if it also meant that_the_
arrllnes got a good deal | ” -
~ on the other hand, the fact that certaln kinds of

technolog1cal advances are not well protected by patents,rand are
readlly copzed, deters companles from 1nvest1ng in these,.even
'though a srgnlflcant advance would 1ead to enhanced efflciency or
dperformance.. Before the advent of hybrld corn seeds,_whlch
cannot be reproduced by farmers, seed companles had 11ttle_
'1ncentrve to do R&D on. new seeds, since the farmers, after buylng
a batch, slmply could reproduce them themselves. The farmers .
themselves had little incentive to do such work since_each:was
"’small and haddlimited opportunities to gain by having a better_,
crop than a neighbor. .Within an industry,.different kinds'of
problems vary in the extent to whlch the problem solver galns a
' specxal advantage. In an lndustry where sclentlsts and englneers
‘are moblle 1t 1s hard to keep secret for very long 1nformatzon
about the broad operatlng characterlstlcs of a particular generlc
des1gn, or about the propertles of certaln materrals. Such |
.dknowledce is not patentable and, lf patentable, would be very
hard to pcllce.e, o e
| C.Qnstra:.nts an.d B_assa f.Q.I. EJJb.l.LQ P_Q.l.l.c_l.ﬂi It :;Ls__t\em_pting to

regard these kinds of‘"market failures" as providing both
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_ however, whether the communlcatlon networks are, or can be,
truncated at natlonal borders. The presence of multz—natzonal
corporations ih high technology 1ndustr1es further complrcates
this"question. We shall return to it later. o

The cgmnetltlze Hﬁ:kﬂt antext Joseph Schumpeter, more
than anyone else, has shaped the way scholars v1ew competltzon in
technologlcally progressive lndustrles. Schumpeter s core
'.message was. that the most soczally valuable form of competrtlon,
in capltallst economles, was through technologrcal 1nnovatlon. |

It is proprletary tecbnolog;cal knowledge that drlves the y
_capltallst engine. The prlnclpal ways to achleve proprletary
benefit‘are'secrecy, patent protectlon, and through a head:start.
There are slonlflcant dlfferences among technologlcally -
'progresszve 1ndustries in the extent to whlch these different |
'mechanlsms are effectlve. In the pharmaceut1cal lndustry,_where
Jlt is easy technologzcally for one company to copy another s
drugs, patents play an J.mportant role both as a spur for product
| innovation and as a protector of a company's successful products.
.In seml-conductors, on the other hand, patents do not appear to
'play such an 1mportant role in part because they are dlfflcult to
enforce, and in part because a 31mple head start down the
_ 1earn1ng curve often glves a ccmpany a durable, and profltable,
advantage. In industries llke those that de51gn, and produce,
'large commerc1al alrcraft, or mainframe computers, the
rtechnologles are sufflclently compllcated that they s1mply are
V.dlfflcult to imrtate, even when they are not well protected by

patents. But wi.ie the mechanzsms dlfFer, what lS noteworthy is
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technological regimes often were marked by changes in the nature
of the predominant companies. Thus, as jets repiaced'piston:
‘driven planes, Boeing replaced Douglas as the leaoer in the

airliners. With the advent of the

" design and production o
: integrated circuit, the old electronic equipment producers, like
General Electric and Westinghouse, failed to stay competitiye,
and were replaced as technologrcal leaders by such companles as
Texas Instruments, Mostek, and Intel | " -

Technologlcal advances'often are linked together because-n
certain products form"relatively tightly integrated'syStems. The
‘deveélopment of more efflclent and powerful bypass jet englnes 1n'
~the 19603 made posszble the. w1de-bod1ed jet passenger alrllners.
Integrated clrcults are the heart of the modern computer. 1In a
systems technology, an advance in one part of the system may not
only permlt, but requlre, changes in ‘other parts. -Thus a |
computer designed around 1ntegrated circuits is a very dlfferent' “
'machlne than one de31gned around vacuum tubes. o

'The term "system' ‘connotes a recognized strOng.
interdependence between COmponents..\Institutionaliy this. |
recognized interdependence leads either to the development of “
companies'that design sevcral of.the key components themselves,
or to strong lnteractlons, sometlmes contractual, among companles
produc1ng dlfferent components. | | |

The tlghtness of interdependence,'and of organizational

;connectedness, of course is a matter of degree.. When ties are -

'relatlvely loose, the concept of systems connectedness comes

somewhat awkward, but some of the same phenomena show up, in
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occur, thlngs happen that no one thought of, and whlch call for a
rethinklng of the whole program. But if everyone saw the
problem, and the uncertalnty, in the same way, one Stlll could

think of trylng to broadly plan R&D, 1n the sp:LrJ.t of dynam:.c

prOgrammlng, around the consensus ldeas of knowledgeable people.

”_.Therg is merlt in thls perceptlon.

> _ _
Yet a key characterlstlc of the R&D env;ronment xs .

dlfferences of oplnzon and v151on. Human belngs, and
organlzatlons, seem to be 1nnately llmlted in the range of thlngs'_
they can'hold in m1nd at any t;me, and even in the way they look
. at problems. Some Lndlvlduals 31mply see thlngs about a problem,'
or about an alternative, that others don't see; what 1s seen may
or may not be actual ly there. But the fact that dJ.fferent people'.
look at a problem in dlfferent ways and see dlfferent thlngs
about it means that terms llke 1ns;ght, creat1v1ty, genlus, often
are applled to successful lnventors or laboratorles. It usually
is not clear in advance to anybody in a p031tlon to make |
ljudgments about the matter Just who lS g01ng to bet right this
tlme.' Commlttees of experts are unrellable judges of these
' lSSUGSp even 1f, or partlcularly lf they are forced to arr:.ve at
agreement | | | - | | o
~The 1mp11catrons are 1mportant The uncertalnty that

characterizes technologzcal advance 1n hlgh technology 1ndustr1es
'warns agalnst premature unhedged commltments to partlcular

' expenslve pro:ects, at least when 1t is poss1b1e to keep optlons

: dopen. The dlvergences of opznlon suggest that a degree of

-plurallsm, of compet tlon among those who place thelr bets on
. o : _ . " :
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ability of public'policies to hit these. Certain'constraintsuare

caused by the implicit guide rules of market competition which

limit what goyernment actors can do in the game. Others have to

do with more general limitations on the policy tools that
governments can fashion to spur and guideﬁtechnological ptogress.
unggxgﬂin;g. It is important to recognize the essential |
uncertdinties which surround the question -- where should R&D
| resources”be'allocated -- in an industfy #hé:e technOIOgy“is
advancing'rapidlf;: There generally are a wide number of ways in
which the ex1st1ng technology can be lmproved, and at 1east | |
several dlfferent paths toward achlev1ng any of these
1mprovements._ Ex-ante it ls uncertaln whlch of the objectlves is
most worthwhile pursulng, and whlch of the approaches w111 prove

most successful "'Before the fact, aviation experts dlsagreed on

the relatlve promlse of the turboprop and turbojet engines; those

that believed in the 1ong run promlse of commerc1al alrcraft
deszgned'around'turbOJet engines were Of dlfferent minds about
when to Qo:forwatd with a7comnercia1'vehicle. ;ﬁhether:and nhenl_
computers should be trans1storlzed was a toplc on Wthh computer
des;gners dlsagreed-'later the extent and t1m1ng of adoptlon of
'1ntegrated c1rcu1t technology in computers was a subject which
-divided the 1ndustry. — ) | ” N
In a certazn sense, technologlcal advance is a wasteful
'ptocess.' There 1nev1tab1y is a litter of abendoned 1deas and
'projects,'some of Whlch cost plenty.' Hlnd51ght suogests that

there ouqht to be ways to tldy up the process, to avoid marchlng

down false paths, to flgure out in advance Wthh technology will
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. policies'are feasible and effective, and what kinds infeasible or

" ineffective or worse?

'”In'order to begin to explore these questione, in Section II I

rev1ew some of the salient features of the process of
dtechnological advance, and of 1ndustr1es where technologzcal
advance is rapld. Such a review helps to 1dent1fy, in a -
prellmznary way, the opportunitles for and the constralnts on
publlc pollc;es aimed to achleve more'effective allocation of
'.\;esourcee”toffurther technclcgicai advahce} Then, in Sections
III through'V, I turn to the actual e'xp'eri_enc‘es the major
:economic'ncwefsihaue had ﬁithdindustriallndliciee; ‘This
'recountlng 13 partly descrlptlon, but also partly analys;s, ‘since
the ch01ce of what policies to describe,’ and how to descrlbe' |
them,“;nnately involves JudgmentS'about what ls'lmportant " he
countfies'etudied'are'the'U“S;, Britain;”Ffance, West Germany, |
and Janan, As mentioned earller, three 1ndustry groups w111 be
givenreéeCLal attention: seml—conductors.and compute:s, c1v11 :
aviation, and'nuclear.pQWef. 'In Section VIHIZreturnLexpiicitly

to the three basic queStions'iaised”abcue,4andﬁtfy to provide

tentative answers to them. In the concluding Section I make some

remarks about plauSible'directicns-fOrfLS.dpolicyf
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ris posed in terms of the education and banking systems that arose

in Germany, but not in Britain. The American supremacy in

average worker productivity in manufacturing in general, and in

per capita anome, preceded the rlse of our seml-conductor and

'_ computer industries. Several scholars have noted that the

- American system of higher educatlon had unusual strength rn the
post World War II era. Many have noted that the extremely h:._gh

investment rates in”Japan, and the development of an educational

system that outstripped the Unlted States in the productlon of

englneers, came hefore Japan galned strength in electronlcs.

' Kelth.Pav1tt (1976) has argued that abrllty to exp101t the
technological opportunities afforded by leading industries

: reguires'strong technOIOgiCal capabilities in a wide range of

industries ~- chemicals, machine tools, and other metal products

- are good examples. If strength in the hlgh technology 1ndustr1es

. and thelr downstream partners is basrcally a concomrtant of

general-and broadly based economic and technologlcal strength,-

| rather than a bas.1c cause, then it may make llttle sense to try

: to stlmulate these 1ndustr1es spec1f1cally.

And, there is the related questlon of what; if anything,

-narrowly almed government pollcles can do to help its domestlc

technology is advanc1ng very rapldly, and there 1s consrderable.

_11nternat10na1 competltlon. In the view of several Amerlcan

wrlters_on the'subject, a pollcy in support of hlgh technology

"_industries is. to(be.diStinguishedusharply from a policy of

supportlng more tradltlonal ones because they are in trouble.

Indeed the proposal is to Shlft our lndustrlal polrcy empha51s

6‘&
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.companles get and stay in the forefront of 1ndustr1es where the -
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One can piece together two plausible counter arguments, as

to why high technology or leading industries are also strategic

- ones for high income countries,

One is based on a product cycle theory of trade, amended by

‘a proposit;on that the returns to R&D are not fully appropriable

by.tﬁe_updertaker. A starting premise is that high wage
coohtries_need”tolpe competitive in high technology products, if
they'ate to be competitive in anything. .Giveh_a considerable
degree of international capital mobility, high wages can be
malntalned, and 1ncreased, only 1f a country has a specxal

capablllty for produc1ng thlngs that low wage countrles cannot.

' In some cases these capabllztles may-be related to special access

. to certaln raw materlals, or cllmatlc advantages. Mostly,

however, 1f hlgh wage countrles are. to be able to compete, they
must be ahead of other countrles 1n the creation and
lmplementatlon of_new technologies. Add to the product cycle .

theory an argument that, while many of the relevant investments

in new technologies are appropriately made by private indiv;duals

and business firms, some of the most important investments,

".specifically R&D, yield gsignificant externalities. Then one has

'a case for publlc support of these latter kinds of. 1nvestments,

Whlch 1ndeed are of strateglc lmportance to high wage countrles._-

The argument above is not tied to the notion that high

.technology industries are necessarily leading. A second and

different argument is concerned explicitly with leading

industries. The core idea is that, since technological advance

. in leading industries yields opportunities for innovation in the

industries that buy from them, firms in these connected



(1939) he observed that economic progress is not s;eady but
| - OCCurs io "ionggwaoes"-— an idea put forth earlier by

Kondratieff -- and proposed that thesSe were caused by périodic'

~surge es of technological innovation. He associated each upswing
of the Kondratieff cycle with a cluster of innovations in.
particular leading industries -- textiles and machinery in the

- first part of the 19th oentur'y-,. iron and steel and 'rfail'roads in
" the secondopart,'automobiles-and chemicals and electiical
equipment'duringothewbeginningVof the'20th'ceotury. He arqued |
thatgtechnological advances in these_ihdustries'had wide efféots
'and, indeed, more or less determined the general economic oliméte
of an era. The notion that the second half of the 20th'oohtof?'
is being shaped by innovations in electronics, partzcularly as

-~ applied to computation and communication, and to a lesser extent
by vastly speoded long distance transport, clearly is in the
spirit of Schumpeter's theory. | o |

The léading'industry notion involves some combination of

+ significant ongoing technological advance, and widéépréad
__economic effects. An industry can be leading without being

- particularly high tech and clearly not all h1gh technology

‘industries are leading, However the three lndustry groups that

w1ll be the partlcular focus of this essay —- electronlcs,:

———————————

alrcraft,'and nuclear power -~ all have been highly R&D lntensive'

—r——

~and have had, or were expected to have, major shaping effects on ..

a w1de range of economic act1v1t1es.
The idea that high technolOng ‘and partlcularly leadlng,
industries are'"strateglc, in the sense that'they warrant

special favor and support, also seems to have been around for

N\




