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Small business R&D groups organize, press for

innovation legislation against White House resistance;
Small Business Administration aims at lead role

Wil Lepkowski
C&EN, Washington

T'o hear il told these days, unless the
government gets serious. technologi-
cal innovation in small, creative
husinesses is headed down a path to
oblivion. -

Uncle Sam sustains big business
with fat procurement contracts on
such things as cruise missiles, M-1
tauks, and syvnthetic fuel plants. It
favors universilies with billions of
dollars in research grants while clos-
ing 1is eyes Lo Last and lovse academic
accounting practices. And throush
inequitable tax, regulatory, and in-
vestment rules, it stilles the en-
trepreneurial air around inventive
people. Onlv the big will survive.
small business lears in its darkest
moments.

Elmer Fike, president ot Fike
Chemical Co. in Nitro, W.Va., savs he
has had to lay oft his whole research
staff over the past two vears because
his profits collided with government
gafely, health, and environmental
regulations. “We're doing no inno-
vation at all now.” he broods.

Fike is one kind of innovator, more
or less out of the older chemical pro-
cess industry schook. Another kind is
Charles Garber, president of Strue-
ture Probe Ine., in West Chester, Pa.,
which provides purely research and
analytical services,

Garber is discouraged because of
unfair competition from nonprofil
mstitutions. “When an academic
sclentist uses an instruntent yiven to
hin1 at government expense tor his
own profit, T eall that white-collar
crime,” he savs. T'he practice of aca-
demics doing commerciab anatvtical
serviees on the side with vovermment
equipment is widespread, he says,
and he wants something done,

Stories abound of small Taborato-
ries shitit ot of contraets beciause o
university rescarcher has o bigeer
name, Others receiving  applied
science grants frum agencies com-
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plain that when a budget squecze hits,
the applied science budget gets
whacked worst-—as happened Lo the
National Science Foundation’s &0
million Small Business Innovation
Program, cut back Lo 56 million dur-
ing the recent budgel revision. A third
problem is that government contlract
officers hate to be hothered with what
they see as piddiing amounts going
outl for small husiness projeets; re-
gardless of their innovative value,
Meanwhile, small companies’
problems with larger companies also
weigh on the small business person,
Hspecially infuriating to small com-

panies is their big brothers™ habit of

dallving aver a decision after a small
business sales pitch. “'T'he company
will show interest at [irst, even en-
thusiasm. It might send a whole team
of people o look at yvour ides,” savs
one entreprencur left dangling oo

often. *“You wait and wait and wait

and you often never hear {rom
them.”
Maore serious, though, is litigation

over patent rights, Large companies

can afford to spend hundreds of
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Stewarl: wawing smail business fiag

thousands of dollars in legal fees to
win a patent case and secure an in-
venlion. Small companies canno!l and
usually give up. New patent legisla-
tion ceriain to pass, however, will
change that. 1t will allow the patent
office to do searches that will settle
most claims at hardly any cost at
ail.

A third problem is a litile more
benign to companies, but still lethal
to innovation. It is the old-fashioned

merger. Big comipanies are buying up

little companics inslead of buying
from them. The fear in the semicon-
ductor industry, for example, is that
innovation will wither now that small
companies are being absorbed by the
international electronic giants.

As corporate reorganization atior-
ney Arthur Burke puts it in the spring
issue of Business and Society R(‘qu‘
“Starved of capital, deprived ol in-
cenlives, submerged in bureaucratic
red tape, and surrounded by the
burgeoning bigness of the corporate
giants, the small business sector has

become a vietim of the upheavals of

the 1970%s."

Bul small business is {ighting back,
declaring that the 1980's will be.a
decade it can call its own. What it will
be, too,’is a decade of decision over
the whole subject of innovation in a
world sutfering through painful eco-
nomic change, the forecasters say.
Good parsimonious idens from all
directions will be needed to pull the
system out of chaos-caused by short-
ages of energy, materials, and cap-
ital.

Even the American Chemical So-
ciety is being lforeed to give some no-
tice to the many small chemieal
innovators within ils membership.
FFor a long time, the simall chemical
manubacturer and research labora-
tory pretty muceh ignored activity in
the society, believing it to be oriented
in le: ldt‘l\]]ll) angl pnh( v priorities to
big business and academic research.

As aresult, these people threw their

encrgies into such smaller organiza-




The ona thing about small businaess in-
novators is that they are individualists,
and in one form or another idenlists-—for
free entenprise, the "American dream,”
the thrill of risk taking. Thay live lives of
hope, determination, and aliraction to
hard, vital work. They don’t want to be
caught up in institutionalized bigness,

F!’hi!ndolphin area. His P'h.0. in physical
organic chemistry is from Massachu-
setts Institute of Technelogy, and after
a short stint at the now-defunct ltek
Laboratories near Bosion, he founded
Moleculon Research Corp. This is the
way he sees himself as a small entre-
preneur:

*I think it's most important for the
individual to do his own thing. if | went to
work at some big chemical company,
would they let ma testify at a public
hearing on something | care about? |
could support a lot of the things the
company could support, such as atti-
tudes about government. But | couldn’t
say anything that would offend  the
company. I'd hate to be put in a position
where | would have to.be restrained.

“Something happened to me a couple

Obermayer is 48 and was born in the

Arthur Obermayer—portrait of one small business entrepreneur
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of years ago which marked a turning
point in my life. Someone called ma to
ask il 1 could take part in an oulside
project hal really interested me. My first
impulse was to say no, the company
needed me, But | started thinking about
it and ! told miyself that the company had
been running me too long and it was
time 1 ran the company. I | do all the
things the company needs, | get pushed
too far.

"When it comes right down to it, I'm
interested in this small business inno-
vation issue more than anything. | feel |
have a responsibility to other small
businessmen who have been swimming
against the tide with me for many years.
And | hope that what | put together
doesn’t look like an ego trip. _

“I'm concerned-about the little fellow,
about everyhody having a chance, about
our own society becoming overinstitu-
tionalized. This is not a country of cot-
tage industries and | den't think it should
be. But | am concerned about peopie in
large organizations who don’t speak out
when they should. | care about what
happens to whistle-blowers. They al-
most never end up on top anywhere."”

tions as the American Council of In-
dependent Laboratories, the National
Council of Professional Service Firms,
or the American Association of Small
Research Companies,

Now ACS has a Division of Small
Chemical Business. 1t is probationary
because it is new. But founder Alex-
andra Melayk of Chemical Abstracts
Service expects it to receive full status
by the end of 1981, Already the divi-

-sion has 300 members—up from only

seven a vear ago—and an active pro-
zram. It also publishes a sprighily
newsletter.

Another organization recently horn
is the National Council for Small
Business Innovation whose co-
chairman is chemist Arthur 5. Ober-
mayer, president of Moleculon Re-
search Corp. of Cambridge. Mass,
Obermayer travels all over the coun-
try on hehalf of the small innevative
company  movement, making
specches, Lestifving belore Congress,
and cheering his colleagues, besides
laboring to market his celiulose tri-
acetate membrane material Poro-
plastic. Aboul a vear ago, NCsBI
opened a small office in Washington,
D.C,, in hopes of inlluencing federal
programs and Congressional legisla-
tion on hehall of the 10,000 or so small
husiness innovators,

Awreat deal is going on to establish
a national small business innovation
policy—-almost 1oo much for anyone
to integrate. The politics is heavy; the

issues are complex; and the feelings
run high. But a revolution does seem
to be occurring around technological
innovation and the central question
seems to involve how well big and
small will serve each other,

Which of course they need to do.
Small business largely supplies biy
business, and the little companies
need those customers, Parvticularly in
the high-technology lield. it is only
the large companies—in the U.S. or
abroad—that have the funds and the
manulacturing wherewithal Lo license
small business inventions. s a
love-hate relationship. that must be
reconciled.

Many large companies understand
the problem. Earlier {his month in
Baltimore, AASRC sponsored a
meeting to help link up small high-
technology companies with 10 big
firms. The conlerence was largely
underwritten by the big com-
panics—CGeneral Blectrie, Monsanto,
Control Data, and Procter & Gamble
among them—and conlerence orga-
nizer Samuel Cardon of General
Technical Services of Upper Darby,
IPa., seemed pleased. “vervone said
they made uselul contacts,” he savs.
“We'll have to walt o fow weeks to
know better, But at least this confor->
ence showed that the hig companics
are out there looking”

In the Washington bureaueracy,
small business’s chiet promoter s
Milton R. Stewart, the peppery di-

rector of the Small Business Admin-
tstration’s Office of Advocacy. Stew-
art’s job is to drum up zeal for small
business everyvwhere. He certainly
waves all the right flags,

“Big business is not innovating,” he
tells C&EN. “What fundamental
overpriced material has been replaced =
by big business at one half to one
third the price? What major corpo-
ration is not engaged in administra-
tive pricing? Big business is no longer
in price competition, [t doesu’t want
to jeopardize the market. The real
issue for the next decade is hetween
big business and government bu-
reaucracy on the one hand and the-
entrepreneurial sector on the other.
The President has opened the door.
Now we have to keep the bureaucra-
cies from shutlling it again.”

Innovative small companies are
only part of his mandate but clearly
the main one. Stewart has even hired
an  “entreprencur-in-residence,”
Andrew Ludt, who in August will re-
turn Lo his small consulting lirm in
Kalamazoo, Mich. Lulf indicates,
though, that he will stayv i the mood
is right because he clearly sees the
necd to maintain the momentum that
has been gathered so far,

Small business innovation advo-
cates have considerable distrust for
the Administration, They believe the
White House, Ottice of Manngement
& Budget, Presidential scienve Ad-
viser Frank DPress, Depariment of
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Commierce sssislant seeretary Jordan
Baruch, and the various agencies are
taking less thon a hatf-hearted inter-
estin the small business pli;,hl They
complain thal the Sl Pusiness
Admini=tration was mentioned only
onee in the innovation initialives or-
vanized by Baraeh and aonounced by
the White House fast October. Uhey
point to Adminstration efforts 1o
remove he inpovation issue from the
agenda of the White House Confer-
ence oh Siall Business held in Feh-
ruary, And they charge that the Ad-
ministration suppressed release of a
report prepared in 1978 by Jacob
Rabinow of the National Bureau of
Standards for the Office of Manage-
ment & Budget.

The OMB report was a powerful
butiress {or arguments favoring a
strony federal small huginess inno-
valion program. Yet, it was never
featured and seldom mentioned as
background material during the 18-
month Domestic Poliecy Review
Teading up to the Administration’s
modest innovation program. The re-
port savs that hall of the major U.S.
innovations developed between 1953
anel 1973 came from small businesses.
It also says that the innovation-te-
sales ratio for small companies is 33%
better than that for large busi-
nesses,

Especially telling were data show-

ing that although stall firms produce
four thimes as many innavations per
BR&D emplovee s brge firms, the cost
ol supporting cach person is abowd
half, acemmting Tor an eichtdold ad-
vantage in productivity. Such data
and their interpretation are always
opei 1o challenge and obviously re-
search-intensive companios sach as
AM, Dow Chemieal, or Du Pont
couldn’t easily allow them to go wn-
answered, But these data are pro-
vocative and were canvineing enough
1o lead the Rabinow panel to recom-
mend aseries of steps designed 1o give
small business n higger plll of gov-
ernment husiness,

small business innovators are
banking heavily on Administration
followup to the January White
House Conference on Small Busi-
ness.

The conference ringingly endorsed
passage of twin innovation bills cue-
rently pending belore the Senate and
House: 8, 1860 and H.R, 5607, The
hills are sweeping in scope, ranging all
the way from gpecial R&ED funding
set-asides (opposed by the academic
rescarch world) to tax revision and
patent reforms.

Baruch, technological innovation’s
crown prince in Washington, has

privately told the small business in-

novation lobby that it is correct to
push for passage of the legislation.

I3t he does not say so publicly, e
1otd hoth committees that the White
Honse innovartion initiatives put forth
fast fall are l” thal aee needed for the
mement, saving many of the provi-
sions in the new hills “would be det-
rimental Lo other important national
gonls™

The small business community is
ambivalent al best about Baruch.
Alexandra Melnyk calls him o«
“charmer,™ A Capitol Hill siafter
bitingly refors to him as o snake ol
sadesman,” Whatever his personal
motives, he is stifl Washington's Mr,
Innovation, Stewarl or no Stewart,
What is certain is that no one would
want SBA to be running the innovas
tion show, given SBA's overad] repu-
tation as a meddling, paper-shullling
agency.,

stewart, though, wears the whitest
of hats. But he and Baruch do not get
along, partly because of personality
differences, and partly through the
are-old antipathy between SBA and
Commerce. One observer believes
that it the breach between the two
isn't healed, it could tear the move-
ment apart.”

This raises the issue of SBA’s ane-
mic cloul within the Administration.
SBA is not and probably will not be
the lead agency {or coordinating small
husiness innovation policy, although
an argument can be made that it

Highlights of small business innovation bills S. 1860 and H.R. 5607

« The Small Business Administration
would give management assistance to
small research and development
firms,

+ SBA would be the government's
chief R&D fynding advocate of smak
R&D firms. Each federal agency would
raise the tevel of R&D funding of small
firms 2% a year up {0 an overall target
percentage of 20%

¢ Each federal agency with an R&D
budget exceeding $100 miilion a year
would establish a small business inno-
vation research program of competitive
granis modeled after the one pioneered

at the National Science Foundation.

Each agency would set aside 509 of its
small business contract money specii-
ically to fund the activity.

* The Office of Federal Frocurement
Policy in the Oifice of Management &
Budget would give small firms “maxi-
rowm praclicable opportunity™ te acquire
federal R&D procurement contracts.

*  Requiatory ngencies would ook
for ways to make it easier. simpler, and
less costly for small lirmis to comply with
safety. health, or environmental laws.

* Tha Seawrities & Fxchange Com-
mission would condugt annuid teviews
of securitics markets 1o determine i,
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where, and how small {irms are ex-
chuded from such markets. It would re- -
port its findings every year and suggest
any needed legislative or administrative
changes.

» Taxes on capilat gaing realupd on
the sale of an equity interest in a small
business would be deferred if the gains
were rolied over or reinvested in another

" small business within 18 months after
the sale.

» For any small business spending at
teast 3% of its gross revenues on R&D
in each of three conseculive taxable
years, or 6% in any one taxable year:
restoration of qualified stock options,
with maximum period jor exercising
such options extended from five to 10
yaars; taxation at haif the normai capital
gains rate on gains realized from in-
vestment in their firms, as long as the
investmeant is held for a minimum of five
years; extension of capital loss carry-
over petiod from seven to 10 years: and
granting of a one-yenr write-off for oth-
erwise appreciable RALD emquipment and
a 10-yoor write-off tor R&D {acilities.

s A small business would be allowed
to establish a tax-free cash reserve for
fulure R&D eapeniitites, Tho resetvo
would not exceed 10% of gross incomae,

~.

$100,000, or the actual amount of R&D
expenditures, whichever is smallest,

» Subchapter S corporations would
be permitied to have 100 shareholders
instead of the present 15, and corpora-
tions of any size could be sharehold-
ers.

s Small business and nonprofit or-
ganizations would be allowed to retain
patent rights on inventions developed
under federally sponsored research,
according o certain specified guide-
lines.

+ The government retains the right to
use any invention resulling from its
funding of R&D projects.

+ The government could require the
licensing of inventions if the invention

has languished without commerciali-

zation, has important health or safety
applications, or is required by federal
reculations.

* For a commercially successful
invention, the government would re-
cover its original funding commitment.
* The Patenl & Trademark Oflice
would be authorized to re-examine
contested patents rather than requiring
settlement in court. This would vastly
reduee the cost of litigation to small
business.
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could he. Lalf sees SDA s o wheel
hab, with policy spokes running out
from it, But SBA may nol even he
ready for that, W ois oo divided,
“What is needed,” says ane source, “is
strong leadership and SBA doesn’t
seom Lo have it Milton has his hands
tiedd and as aoresult vou have Jourdan
running off on his own in his conde-

scending, obsequious attitude toward

smalkFhusiness.™
The positive aspect to all this iy
that, with Barueh and Stewart mak-
ing their own panzer thrusts, the in-
novation policy movement could
move ahead anyway.
There are several programs for
small business support ongoing in the
“federal government. The Minority
Business Development Ageney inthe
Commerce Departiment operates a 1
million “technology hroker™ program
in nine regions that helps small mi-
nority firms get started with loans
and licensing arrangements with
larger companies. Agency director
Theodore Lettes says H0 to 60 com-
panies are being helped around the
country. .
© Similarly, SBA in its traditional
garb helps finance innumerable small
businesses with high, low, or no
technology at alll Sometimes the
agency does it well, sometimes badly.
The General Accounting Oftice has
published dozens of reports over the
past five vears specifying
‘mismanagement of one program or
another at SBA. Still, the process goes
on because more companies are
helped than are hurt, ‘
Moreover, public law has required
that every agency establish a small
business support office. The motive
isn’t technological innovation and so
the consciousness isn’t so high as the
innovation community wants, Both
small business committee chairmen,
Sen. Gavlord Nelson (D.-Wis)) and
Rep. Neal Smith (D.-Kan,), want
more visibility tor innovation through
the R&D funding set-asides, calling
for at least a 2% vearly increase in
small business grants and contracts,
stopping when the small business
perceniage reaches 20%. The Ad-
ministration ohjects to such a policy
on grounds that it would tie the hands
uf agencies looking for simply the best
know-how to meet their missions,
John A, Hewitt Jr., chiel {inancial
officer for the Department of Energy,
acknowledges  the  department’s
“tendeney Lo rely on other than small
businesses for our research and de-
velopment.” But he says DOR's se-
nor managers now have the messore,
As il is, he told the Senate Small
Business Committee. DOK spent
$1.32 hillion with emalf firms, and in
fiscal 1980 they will get 18.9% of the
agency's-Lotal obligations,

the

The figures hedond the read prelare
around innovation, however, DO 5

notorious for Groring new R&D ideas -

cmanating from small companies,
And the great proportion of Hewitl's
figures pertain more to services than
to R&D,

Hewilt's response (o S, E806 fairly
well typifies the Administration
stance, given that it already has es-
tablished its own innovation policy
through the President’s program,
Hewitt. says that DOE is teving o
engourage more small business ae-
tivity in its programs, DOE has sev.
eral programs already in motion
under existing kaw. I frowns on any
mandated fixed percentage targeled
solely for small business. 11 would be
willing to lry an NSF-modeled Small
Basiness Innovation Research pro-
arivm, and the Solar Knergy Research
Institute already is devoling 23% of its

“If the invention doesn’t
have the potential of a

- $50 million market in five
years, [big companies]
aren’t really interested”

R&D budget to small business pro-
posals.

There is almost universal agree-
ment that the agencies would do well
1o adopt programs identical to NSI's
touted Small Business Innovation
Program run by Roland Tibbetts. He
and Robert Colton, who runs the
somewhat less scintillating univer-
sitv-industry innovation centers
program, are practically the lone
simall business lights in the entire $1
billion agency.

“Bright ideas come Lo all people in
all places,” Tibbetts says. “But they
can't be exploited well except in a
small business environment. Acade-
mia is not a good place because there
innovative ideas {requently go no-
where. Except in small business, the
radical idea has very little chance of
successful transformation into a
produet. Another reason why small
business has to struggle is that to
most people innovative ideas look as
il they have small markets. As tar as
the big companies ave concerned, if
the invention doesn't have the po-
tential ol a £50 million market in five

years, they aren’t really interested,” -

Tibbetts' program works in three
phases, Phase one is an mitial 325,000
yrant to help the company develop
the product concept. Then comes
iphase two to expand the base through

research dumtbings, nise uree an-
volves development financing {rom
private  capibal  sources,  initiad
grantees begin phase three this fadl,
“Phe program forees Lochnodopy
transfor from the hesginning of the
planning process, And we give patent
rivlis to the developer-recipient,”
savs Tibhetts, _
Homay well be that small is he-
coming heautiful, But one should he
cautious, The overafl trend remams
in the direction of bigness, Facts show

“it—through the decline of the small

farm, the aceelerating merger move-
ment, the international {low of capital
and technology, the replacement of
the corner grocery store with chain
stores. Small business champion Ar-
thir Obermaver savs he wants to get
as big as he can get, It may all come
down to that purely western philo-
sophical concept that vou don’t
progress if vou don’t grow. Kven the
Soviels, with their different view of
social evolution, envy old-fashioned
Yankee ingenuity.

One small business innovation
movement does question the direc-
tion of things. It is the “appropriate
technology™ community, led by thoze
who believe that the economic and
resource syslem is uncer such strain
that communities must learn to he-
come more sell-sufficient and detach
largely {rom large-scale technological,
corporate and bureaucratic systems.

Its advocates have their venture
capital cares, too. One Boston group
called Accion works worldwide among
the poor but also has a “microbust-
ness” project in Maine to seek smatll
loans to develop community-based
enlerprises in depressed areas,

This “community technology”
movement 1s highly distrustful of
such activities as Control Data's
program of nurturing small high-
technology firms, The movement
believes that Control Data. a big data
technology company, is simply out 1o
control the information on technotogy
small firms are developing. But at the
same lime, the community groups
seek the help of the business and
banking community lor the philan-
thropic support to keep going.

Because of coming clashes between
*high™ and “appropriate” teehnology,
ihe eighties could.be the decade when
the nature of wealth will have to be

Jgreconsidered through some combi-
nation ol busiess and community
values, With less material goods to go
around hatwith intormation Chowing
freely, something new seems bound w

= emerge. Ml Stewart may have the

best deflinition of wealth. *'T'he true
wealth of this countey,” he savs, s
between the ears.” And with that,
we're back to the wncertainties
around small entreprencurs, O
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{‘I'Regulation and Innovation

‘The Impact of Regulation ot Industrial Innovation

by Henry G. Grabowski and John M. Vernon, in
cooperation with the Committee on Technology
and International Economic and Trade Issues of
the National Research Council and the National
Academy of Engincering (Washington, D.C.: Na-
tional Academy of Sciences, 1979), 64 pp.

This National Academy of Engincering mono-
graph is the first of 2 serics of commissioned
studies on the effects of public policies on in-
dustrial innovation. Henry G. Grabowski and
John M. Vernon, professors of economics at
Duke University, were asked (1) to survey the
literature regarding the effects of economic, en-
vironmental, and health-and-safety regulation
on the innovation process and on the private
Yand social returns [1om innovation and (2) to
" consider how regulatory activities might be
modificd so as to lessen any undesirable effects
on innovation while preserving the benefits ob-
tained.

In the arca of health and safety, the au-
thors find cvidence that resulation has sjomili-

cantly retarded innovations in industriecs fac:n&,q
premarket regulatory approval for new prod-

ucts (phunmcumcnls pesticides, medical de-
vices, lood additives, and certain chemicals).
Tn particular, there are a number of academic
studies suggesting that, in the past two dec-
ades, increasingly stringent pharmaceutical
regulation has substantially increased the R&D
costs and development times required for in-
troducing new medicines in the United States.

"ResuLaTion AnD InNNOVATION,”

REGULATION, JANUARY/FEBRUARY
1980 :

This in turn has contribuied to increased de-
lays to paticnts in obtaining new drugs, declin-
ing levels of annual new drug introductions,
and an increased concentration of innovation
among the larger firms in the industry. Similar
tendencies also have been observed in the other
industries subjected to premarket controls, al-
though the experience in these cases is more re-
cent and more limited in character and has
been less systematically studied.

The authors also suggest that environ-
mental and worker safety regulations have had
significant derivative cffects on industrial in-
novation. They cite a number of instances
where these regulations have led to substan-
tially increased business costs as well as un-
certainties regarding investment in new facili-
ties or technologies. Another elfect has been to
divert capital funds away from investment in
R&D and innovation -and toward capital im-
provements to meet regulatory requirements.
At the same time, it is also clear that some en-
vironmental regulations have stimulated the
development of important innovations to meet
the objectlives of pollution control.

By way of policy recommendations, Gra-
bowski and Vernon emphasize that the health
and safety agencies have traditionally had very
narrow legislative mandates and, thercfore,
have not had strong incentives to give much
attention to the cllects of their actions on in-
novation, productivity, or overall consumer
welfare. Consequently, the authors recommend
that Congress broaden the mandates so as to
require these agencics to consider. such clfects
along with the benefits from regulation, They
also recommend the use of outside professional
experts” for various purposes—for example,




Drawing by Dana Fradon, @ 1978
The New Yorker Hagazine, Inc.

“"Eurcka! The EPA willing.”

medical specialists 1o review annually the prog-
ress of the Food and Drug Administration in
clearing new medicines and to consider the
experiences of new medicines being marketed

- abroad. Finally, the authors urge that economic
incentives be substituied for direct regulatory
controls in the environmental and other areas
where this approach is feasible.

As for economic regulation in the clectric
utility, transportation, and telecommunication
industrics, the authors find that regulation’s
net effect’on innovation is diflicult 1o assess be-
cause of offsetting factors. In particular, rate
of return regulation may reduce the incentives
to innovation by restricting profits or add in-
centives by reducing risk; regulatory Jag may
delay innovative new products and secrvices,
but offer profit inducement for cost-reducing
innovation; and regulated competition may ve-
tard innovation through entry restrictions, but
substitute innovation {or price reductions as a
compctitive weapon.

The case studics in the economic regula-
tion arca suggest, however, that regulation has
retarded innovation most where new technol-
ogies have cmerged that threaten the market
shares or competitive positions of groups al-

ready under regulation. Thus, in the field of
transporiation, both the Big John hopper car
and pigpyback truck-rail system involved inter-
modal distributions of wealth, causing inter-
modal conflicts that produced long defavs in
the introduction of these innovations, Simi
larly, in the ficld of communiecations, the devel-
opment of cable TV was significantly vetarded
by the Federal Communications Commission
because it had the potential of adversely affec-
ting existing broadeasting stations.

Because of the broad discretionary power

- that regulatory agencies have to limit new

technologics that threaten the status quo, regu-
lation should be invoked only where it is clearly
needed—for example, in situations involving
natural monopoly or economic efficiency. Gra-
bowski and Vernon endorse deregulation in
sectors such as transportation and cable TV,
where the efliciency rationale for regulation is
dificult to sustain and where, they predict,
derecgulation would have long-term favorable
effects on innovation.

The Grabowski-Vernon study was devel-
oped in conjunction with a National Academy
of Engincering committee workshop that pro-

- vided the opportunity for contributions from

business leaders, academic specialists, and gov-
ernment oflicials. In December 1979, the acad-
emy held a Colloguium on Industrial Innova-
tion and Public Policy Options in Washington,
D.C., at which panels of experts considered the
recommendations in several recent studies and
in the President’s October message to Congress

on industrial innovation initiatives. These pro-

ceedings will be available from the Oflice of the .
Foreign Secretary, National Academy of Engi-
neering. '
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By James Gibson
Chrysler Corp. -is appealing for federal aid, and Ford

“Motor Co. will lose $1 billion in its domestic operations this
-year. UK. Steel Corp. is laying off 13,000 workers, and some

railroads are already wards of the state. The obvious: ques-
tion is 'why so many of the nation’s basic industries are in

' ‘trouble.

" ETach industry hag fts own unique problems but most of

" them have a single major problem ia common—they are

capital-intensive .industries operating in an inflationary
economy. That is a prescription for slow financial ruin.
Capital-intensive industries must generate the funds to re-

' pluce and renew their plant and equipment if they are to

remain healthy. In a period of stable prices, depreciation al-
lowances on old capital equipment provide adequate funds

- for new egquipment.

Those depreciation allowances become mcreasmgly mad

. equate as inflation heats up. A factory that cost $10 million

generates depreciation allowances of that amount, but at to-

"~ day’s prices it may cost more than $20 miliion to replace the

- .faetory as it wears out. That leaves at least another $10 mil-

~ -Hon to be found somiewhere else just o keep the factory in
operation,

In practice, the additional funds ¢ome from reported
profits. For some capital-intensive companies with low rates
of profitability, the funds required just to maintain the ex-
isting capital eguipment may exceed the firms’ total finan-
cial resources. The greater a company’s capital intensity and

.the higher the inflation rate, the worse the resuiting finan-
“:"pial squeeze becomes,

-In time, the finaneial squeeze becomes a slow death. Re-
séarch and development funds for future products dry up
as the company struggles just to maintain the capacity to
produce its current products. Promotion opportunities for
the best people become scarce in 2 dying company, and they

~often go elsewhere. Eventually the lack of good products
_|j and-good people undermines the company's ability to com-
. ¥ pete with financially stronger firms at home and abroad.

A company that is unabie to generate capital internally

“usually has problems finding it externally, too. As a source

of new funds, the stock market is closed in practice to com-
panies such as Chrysler and U.S. Steel because invastors re-

-alize their pllght all too well. Manv troubled eapitalinten-
. sive companies can't sell lJong-term bonds because. they face

bleak long-term futures. Bankers may be willing to lend

~ them short-term money, but a number of Chrysler’s bankers

probably wish they had heen more selective, Bankers prefer

to loan money to compames that don't really need it, and
_,capxtai intensive companies need it badiy.

The financial squeeze is being {elt throughout bfoad sec-

. cial Corp.of Boston :

Gipson is senior vice president of Batterymarch Fman-

- Bycuomey Moss fax 'nu Waslington Pt

,tors of American industry. most of whun s still w,ry ‘Tesi-

lent, If double-digit inflation continues, however, Chrysier
and U.S. Steel may be just the beginning of a wive of troub-
led major companies in the advanced stages of industrial
decay.

None of this is to deny that particular companies have

e i et vare s

T

made their share of mistakes, Chryslers’ inventory policy -

and selection of models leave much to be desired. Tue steel
industry’s approach to new technology has no.morns been

creative than the steel hillets it produces. The mistakes that .

weakened these capitalintensive companies made them

most valnerable to the long-term effeets of inflatién.
Inflation’s finaneial squeeze on capital-intensive indud

tries is not amigue to this country. Britain's inflation has

been worse than ours and so have its consequénees. Cur’ |
sieel and auio industries are still in much better condition . 1

than loss-plagued British Steel and British Leyland.
It is no coincidence that the countries with the strongesy

capital-intensive industries also have low rates of ‘infiztion -

plus abundant, low-cost capital for their vital indusiries.

Japan, West Germany and Switzerland are exampies of how

strong industrial performance accompanies low infiation.
When asked what the government can do to Solve the

problem, many executives would reply tpat government is

the problem. They point to the government's role il causing

inflation through monetary and fiscal stimuiaticn. They
point to heavy costs imposed by govérnmsnt in the form of
environmental regulations, new mileage requiremenis, e !

The best thing that government can do is to bring infia-
tion under control hecause that is the basic problem. Tue

next-most-direct action the government can take is to im- <
prove depreciation allowances ‘a propoaai under discussion

in Congress.

The least attractive long- run path of government a(,dsu is

also the most compelling in the short run. The Britisk have
fallen into the trap of subsidizing their problem indunstires
while neglecting ones with long-run growth potential, Their
economists recognize the futility of puinping monay inte
their losers rather than into their winners, but that is what
politics there demands. The funds diverted to resiue
Chrysler would be used more productively in a growth in.
dustry such as semiconductors, but workers who are em-
ployed now have more political influence than those who
would be employed in the future in a growing industry.

Even our technological lead in semiconductors s
threatened as that industry bécomes more capztal—mtensnt,.
Japanese and European companies have the advantages of
government subsidies and low-cost funds. In response io 3
question about what our gavernment can do to help, Hewih

_ett Packard’s David Packard spoke for more than his own
high-technology company when be said, “If the governms =n$, _
will fix the tax structure and get out of the way, we will

take eare of ourselves.”
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* - annual cost of government paper-
work alone is *$72,000 in money and -

Small-Firm Rules Break
‘Draws Roundtable Fire

By Bailey MorrTis
- Washington Star Staff Writer

James Severt is a Martinsville, Va.,,
contractor who says it's high mne

© Congress gavesmall busmess aregu-

latory break.

~.  Thanks to Uncle Sam, Severt says,

* small businesses are havmg an even
 rougher time competing with large
ones, mainly because of the time and

money they are diverting into
government-ordered projects. .
In his case, he estimates, the

. 9,000 hours in time to fill out more

than 1,100 forms a year.” For a

v company with an annual gross of $22

million that is too high a prlce Se-
- Vertsays.

Congress and the Carter adminis-

. tration agree. Several months ago,

President Carter wrote a memo
ordering executive-branch agencies
to give small businesses the regula-

".:tory break Severt seeks.

‘And this month in Congress, both
the House and Senate judiciary com-

mittees are expected to act on bills -
* creating a two-tier system of regula-

tion, distinguishing between large

" businesses and smaller ones.

“Regulatory flexibility” is the

- generic term used to identify the di-
‘verse congressional and administra-

tion proposals. Until recently, al-
most everyone was for it.

Nine days ago, however, the first
. big business opposition to the con-
~ cept surfaced in testimony of the

- Business Roundtable, a powerful

voice for the nation’s largest busi-

... ‘nesses, before a House Judiciary sub-
_committee.

The Roundtabie’s basic position =
as articulated by Richard D. Wood,
chairman and chief executive of Eli

* Lilly & Co. — is that all businesses
- should be treated the same.

“Burdens on small businesses as-

" 'sociated with the present regulatory

. system are generally the same as
" those imposed on all businesses,”

- Wood said. .
- Special treatment for sinall busi-

‘nesses is inappropriate, said Bill -
.Kennedy, counsel for General Elec- .
- tric Co., who also appeared. at the

. hearing presided over by Rep..
George Danielson, D-Calif. Daniel-

son-clajirs the subcommittee on
administrative law and government
relations.

The Roundtable's opposition runs
counter to gverwhelming support
for the concept in the Senate (which

passed a similar bill last year); in the
House (where half the members are
co-sponsoring a two-tier bill); and in'
the administration, which. supports
flex1b111ty for small firms.

But'it is notable for one major rea-
50n, says a House small busmess ex-
pert.

regulatory break will use the Round-.
table’s opposition to hold the bills

- hostage — forcing us to go with it as
part of the overall regulatory reform
package, which is complicated and:

has a lot of opposition,” he said.

The fear, then, is that the gener-:

“We think opponents of separate, .
legistation giving small businesses a: -

ally non- controversml small busi-: - :‘:"

ness legislation will get caught up - i .-
cand lost in the very controversial .

omnibus regulatory reform package:
advocated by the Carter admmlstra

. tiom.

In the meantime, however, several

agencies have taken their own steps:

to ‘ease the regulatory burden on ' &

smali firms, including the following:
¢ Both the Labor Department and .

the Internal Revenue Service are
allowing companies with fewer than
100 participants in their pension and:
welfare ptans to file greatly simpli- ¢

fied annual reports with thP govern:

ment,

» The Environmental Protection
Agency wants to exempt 500,000

companies from’ its new hazardous

waste regulations, by excluding

firms generating less than 100 kilo-
- grams of such waste each month.

e The Agriculture Department,
pending a final regulation, plans to
waive inspection and- weighing re-.
quirements for grain elevator opera; "

ric tons a year,

.tors exporting less than 13, 000 met~ -

® Congress has adopted temporary o

legislation exempting an estimated’

1.5 million companies with 10 or -

fewer employees from routine safety
inspections by the OQccupational
Safety and Health Administration.

e OSHA is attempting to give small
businesses as many options as possi-
ble to comply with its regulations.

® The Securities and Exchange
Commission has adopted several spe-

- cial procedures for small {firms, in-
. cluding one raising from $500,000 to

$1.5 million thé amount of securities
a company can sell as a small firm.,
Simplified procedures for’ small’

companies to make public offerings !

of up to.§5 million also have been
See BREAK, A-15
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-Break for Small Firms Assailed
- Continued From A-14 - S Deépite these afguments, some

. 4 “labor and public-interest groups

. 2dopted, along with a new way for have doubts about two-tier regula-
< firms to sell up to 52 million in se- tion on grounds that it may compro-
- ‘curities over a six-month period. =

: - mise health and safety laws already
It is hoped that the net effect of - on the books. ¥ y

these and other small business initi-

- L . . .- 'The Carter administration seems |
< i .7 atlves will be to remove the artifi- - ; :
: ' i to share this concern, and another, |
; cial r . S D ' o
; ! oa.d.bloc.ks that make them less that flexibility may further compli-
. . competitive, : Iread b le- |
-+ 447 Milton A. Kafoglis, a former senior .. cat;an a'ready cumbersome- rule-
j ~ economist for the Council on Wage -Makilg process. -
and Price Stability, said in a National *. " Still, based on the strong support

~Journa] interview that the cost of for the concept, action extending
regulation is pushing many small. - the two-tier concept to all govern-
companies out of the market. ment agencies appears likely, _

~ - "It appears that the regulatory ap- It may be, however, that the action
proaches that have been adopted’ will be tied to the condition that the
tend to increase the size of the firm  government devise a new, more re-
that can survive, thus leading to  strictive definition of small business
greater business concentration and * — one that would exclude some rela-
possibly driving otherwise efficient  tively large  firms which,

" firms out of business,” he said in re. nonetheless, hold a small share of |i

cent congressional ;{.stimony, . ..their regpectivg markets,
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By Bailey Morris
Washington Star Staff Writer

James Severt is a Martinsville, Va.,
contractor who says it’s high time
Congress gave'small business a I'Egu-
latory break.

Thanks to Uncle Sam, Severt says,

small businesses are having an even.
.Tougher time competing with large

ones, mainly because of the time and

money they are diverting into

government-ordered projects. :
-In his case, he estimates, the

annual cost of government paper-
work alone is “$72,000 in money and -

9,000 hours in time to fill out more
than 1,100 forms a year.” For a
company with an annual gross of $22
million that is too high a price, Se-
vert says.

Congress and the Carter adminis-

- tration agree. Several months ago,

President Carter wrote a memo
ordering executive-branch agencies
to give small businesses the regula-
tory break Severt seeks.

‘And this month in Congress, both

the House and Senate judiciary com-
mittees are expected to act on bills
creating a two-tier system of regula-

tion, distinguishing between large

businesses and smaller ones.
“Regulatory flexibility” is the
generic term used to identify the di-

‘verse congressional and administra-

tion proposals. Until recently, ai-
most evervone was for it.

Nine days agoe, however, the first

. big business opposition to the con-

cept surfaced in testimony of the

Business Roundtable, a powerful
voice for the nation’s largest busi-

‘nesses, before a House Judiciary sub-

commiitee.
The Roundtable’s basic position —

"as articulated by Richard D. Wood,
" chairman and chief executive of Eli
& Co. — is that all businesses

Lilly
should be treated the same.

“Burdens on small businesses as-
sociated with the present regulatory
system are generally the same as
those imposed on all businesses,"”
Wood said.

Special treatment for sinall busi- / :
- ble to comply with its reguiations.

nesses is inappropriate, said Bill

.Kennedy, counsel for General Elec-

tric Co., who also appeared at the
hearing presided over by Rep.

George Danielson, D-Calif. Daniel- -

son-chairs the subcommittee on
administrative law and government,
relations.

The Roundtable’s opposmon runs -

counter to overwhelining support
for the concept in the Senate (which

.co-sponsoring a two-tier bill); and in -

‘flexibility for small firms.

- ally non-controversial small busi-

~and lost in the very controversial

-® The Agriculture Department,

. tors exporting less than 15, 000 nmet .

.cial procedures for small firms, in-

oundiable Fire

passed a similar bill last year) in the
House (where half the members are

the administration, which supports -

But it is notable for one major rea-
son, says a House small busmess ex-
pert n

“We think opponents of separate
legislation giving small businesses a
regulatory break will use the Round-
table's opposition to hold the bills
hostage — forcing us to go with it as
part of the overall regulatory reform
package, which is complicated and .
has a lot of opposition,” he said.

The fear, then, is that the gener-

ness legislation will get caught up

omnibus regulatory reform package
advocated by the Carter admlmstra-
tion. .
In the meantime, however, several
agencies have taken their own steps
to ease the regulatory burden on’
small firms, including the following:
¢ Both the Labor Department and
the Internal Revenue Service are
allowing companies with fewer than
100 participants in their pension and-
welfare plans to file greatly simpli- -
fied annual reports with the govern-
ment.
e The Environmental Protection
Agency wants to exempt 500,000
companies from its new hazardous
waste regulations, by excluding
firms generating less than 100 kilo-
grams of such waste each month.

pending a final regulation, plans to
waive inspection and weighing re-
quirements for grain elevator opera; *

ric tons a year.

* Congress has adopted temporary
legislation exempting an estimated’
1.5 million companies with 10 or
fewer employees {rom routine safety
inspections by the Occupational
Safety und Health Administration.

& OSHA is attempting to give small
businesses as many options as possi-

¢ The Securities and Exchange
Commission has adopted several spe-

cluding one raising from $500,000 to ¥
$1.5 million the amount of securities.

a company can sell as a small firm,
Simplified procedures for' small . {
companies to make public offerings - ;
of up to $5 million also have been

See BREAK, A- 15
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Continued From A-14 -

adopted, along with a new way for
firms to sell up to $2 million in se-
curities over a six-month period.

It is hoped that the net effect of
these and other small business initi-
atives will be to remove the artifi-
cial roadblocks that make them less
competitive.

Milton A. Kafogiis, a former senior
economist for the Council on Wage

and Price Stability, said in a National 7

Journal interview that the cost of

regulation is pushing many small

companies out of the market, ’
“It appears that the regulatory ap-

- proaches that have been adopted -

tend to increase the size of the firm’
that can survive, thus leading to
greater business concentration and
possibly driving otherwise efficient
firms out of business,” he said in re-
cqnt congressmnal j;estxmony

\.! : . . \_,\

Desplte these arguments some
labor and public-interest groups
have doubts about two-tier reguia-
tion on grounds that it may compro-
mise health and safety laws already F'
on the books,

The Carter administration seems |
to share this concern, and another,

« that flexibility may further compli- { .
_ cate an already cumbersome. rule- |
making process. .

Still, based cn the strong support |
for the concept, action extending |’
the two-tier concept to all govern-
ment agencies appears likely.

It snay be, however, that the action
will be tied to the condition that the
government devise a new, more re-
strictive definition of small business

— ¢ne that would exclude some rela- .

tively large ~ firms - which, |-
nonetheless, hold a small share of

.. their reﬁpectivg markets,
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Workmg on Federal Contract
Has Tis Flaws, Inventor Fmds

ByMarthaIbI.Hamﬂton CERF R

‘Washington Post Staff Writer

Worlnng‘for the government has brought G:Ibert s

. V. Levin both satisfaction and frustration.

As an inventor-entrepreneur, contractor and con~’ |

“sultant to various federal agencies, Levin has had the

_aboard the Viking spacecraft bring back the only evi-
_ dence—albeit equivocal—suggesting life on Mars.

But as president of a small research firm, he has .

found the government sometimes hostile to both in-

. novation and small businesses, )
_ His firm, Biospherics, a life sciences research com- -
- pany, sits on the edge of a large asphalt parking lot

.. in Rockville flanked by body shops.

About 70 percent of the company’s business Is with

‘the government—a potpourri of projects including
the Viking experiment, writing and producing anti-

. smoking and antialeohol literature, doing aguatic -

' toxicology tests, designing monitors for the Navy to

use to measure oil discharges from its ships and- -

checking industrial hygeine in governtment agencies

.. including the Bureau of the Mint and the Central In-

:- telligence Agency

';;-' “We went in there and sniffed around to see if it

~was a safe place to work,” said Levin, a civil engineer
. 'who once worked for both the Maryland and District

.. public health departments.

Levih's concerns are bow the government treats
- Innovation in general and small businesses in par-
ticular.

“To do fnnovative work is very difficult,” he said.
" *There’s the NIH problem~—the not-mvented here

< ‘syndrome,” he continued, deseribing agency officials

‘who are unwilling to entertain proposals along new

- lines of inquiry.
© And there is the clear predilection among some _
“procurement officials for big business, Levin said,
- He is part of a group of officials of small businesses
"~ who are campaigning to get small firms a bigger
" share of the federal research dollar.
“  Small firms préduced about 24 times as many
. major innovations as large firms and nearly four
. times as many as medium-sized fivms per research

. 4nd development dollor expended, but less than 4

" percent of tota] federal government expenditures on |
. R&D went to small firms, according to a paper pre-

" pared for the White House Conference on Small
Busmess. Levin and dthers hope to alter what they
. see as an imbalance,

7. Attitudes are changing slowa, Levin said. A few
= years ago, “1 went down to see the research head of a
¥ major agency, and ke told me the truth—that [ was

. satisfaction of watchig one of hig experiments *

N . . . oo
This is, another in a series of cecasional articles.
" on area fzrms working pnmanly for the federal

government.

wasting my time because the era of small businem :
was gone,” Levin said. The federal officials said then

‘that the agency intended to deal only with large aep- - -

ospace firms for research, he recalled. )
“Technical progress is more complex than it used

* to be. It takes a lot of dollars,” Levin said.

Selling innovation isn’t easy, he said, citing one of
Biospherics’ first products. In 1571 Biospherics devel-
oped a new waste-water treatment process-that
Levin says “produced astoundingly good resuits.” 1
thought everybody was going to line up, kmt they

didn’t.” It was 1973 before the process had a full-scale

fest in a municipal plant. “In 1974 Union Carbide

signed a licensing agreement. Ever since, we've let:

them do the selling,” he said.

“Federal contracting has severely constrained ins, '1
- novating,” Levin said. “During the Nixon era, the En | -
~vironmental Protection Agency came out with a:

mandate that no research contract should be let that

- ¢couldn’t be reduced to practice within three years.*

In effect that ended research. What it does is limit,
research to hole-plugging.” . -

Levin said “there are problems” in working on in’
novation for the government,; but citing the Viking t
experiment, he added, "There are delicious re-.

wards.” _ .y e
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U.8. Said to Have Lost Space ‘Monopoly

m The United States “has lost its monopoly in Western space tech- .
«nology and operations” and: has not developed policies to meet.in- -
. reased increased foreign competition in space, according to a.govs

. ernment report released yesterday. The country also has not devel-- -
t-dped plans for increasing. private commercialization of space tech- .
:-‘%;lo'gy in areas beyond satellite telecommunications, said the S,
+Bffice of Technology Assessment report. - PR a
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'Robert B. Reich anﬁ | | ]Olnt Ventures .

| Db M . withJapan

| give away our -
future

B ,rr.fm

_ * Listen to what these four businessmen for international cornpet:tmn V_m;mm_;hmﬂhg
have to say about U.S.-Japanese joint ventures: situation: to avert rising U.S. Emtectxomgg §gn;;m§p ,

Japanese companies are setti

' “They buy energy-intensive components tates, either asjoint ventures or on the:r own; to obta;;z"
here, like glass, tires, and steel. But when it comes to Righ-quality, Tow-cost progucts and co nents, 1.8, &

things that are labor-intensive, that stays in Japan.’ - COMpanies are Making Joint venture a reem 2 h
Terrence |. Miller, official, Automotive Parrs and Ac- - apancse companies. At the same time, U.S, companies
cessories Association. are [icensing their new inventions to the Japanese.

“Peaple we used to do business with, (The Exhibit lists recent U.S.-Japanese coahtmns in
we can’t anymore [because they aren’t competitive}. high-technology mdustnes )

Instead of buying a given part from a supplier down
the street in Chicago, I buy it from a supplier down
the street in Osaka.” - Robert W. Galvm, chamnan

Motorola.

“Cross & Trecker is committed to the . “The blg Comp etitive gams
business of machine tools, but it is not cornmitted to ~ come from lec arning
build int the United States all or any portion of the ma- about manufacturmg processgg...gnd
chine tools that it sells here.’~ Richard T. Lindgren, the re su]t Of the new

president, Cross & Trecker.
“First you move the industrial part to'the multinational joint ventures is the

Far East. Then the development of the product goes - o rransfer of that leaming from

there because each dollar you pay to the overseas sup- : ; TR
plier is ten cents you're giving them to develop new de- the Unlted'States tQ J apan. .

vices and new concepts to compete against you."~C.J. N -
Van der Klugt, vice chairman, Philips N.V. ‘

Each of these businessmen is comment- - On the surface, the arrangements seem
ing on aspects of a trend that is reshaping America’s fair and well balanced, indicatjve of an evolving inter- ,
trade relations with lapan and creating a new context national economic equilibrium. A closer examination,

however, shows these deals for what they really are—~

J . Mz Reich. who teaches political economy ., part of 2 continuing, implicit Tapanese strategy to keep -
and management at Harvard's fohn E Kennedy School of the hlgher pav mg higher Va!ug added iobs in Japan and

Gorarment was diectorofpoler plaming t he Fedrl o i the et e
. 1 during : o skills that underlie comgetitivg succgess. :

. most recent book is New Deals: The Chrysler Revival and .

by, 4k Fk e E 2 P T

“the American System (Times Books, 19835). : _Incontrast, the U.S. strategy appears-

‘Mr. Mankin is a doctoral candidate in eco- dangerously shior tsighted. In exchange for a fewlower
nomics and business at Harvard University. His research ~ skilled, lower paying jobs and easy access toourcom+  ;
focuses on production management and industrial orgam petitors’ high-quality, low-cost products, we are appar- 1
zation. entiy prepared to sacrifice our competitiveness ina '
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host of industries —autos, machine tools, consumer
electronics, and semu:onductors today, and others in
the future.

Before tl_ii.s_ trend becomes an irrevoca-
ble destiny, U.S. business and government leaders need
to review the facts carefully and decide if they should
follow a different course. Two questions, in particular,
frame the issue: What skills and abilities should be the
basis for America’s future competitive performance?
And how does the current strategy of Japanese in-
vestments and joint ventures affect those skiils and -
abilities?

The quotes cited earlier and an exami-
nation of U.S.-Japanese coalitions across a range of in-
dustries suggest disturbing answers to these questions.
Through these coalitions, Japanese workers often gain
valuable experieénce in applications engineering, fabri-
cation, and complex manufacturing—~which together
form the critical stage between basic research and final
assembly and marketing. U.S. workers, in contrast, oc-
cupy the two perimeters of production: a few get expe-
rience in basic research; and many get experience in as-
sembly and marketing.

But the big competitive gains com
from learning about manufacturing processes—and the
result of the new multinational joint ventures is ‘
transter of that leaming irom the United Statesto .
erm&:ves
'ﬁH.mencans experience in component assembly
but not component design and producrion. Time after
time, the Japanese reserve for themselves the part of
the value-added chain that pays the highest wages and
offers the greatest opportunity for controlling the next
generation of production and product technology.

In the auto industry, for example, Ge:.-

" eral Motors has formed a joint venture with Toyora,
while Chrysler has teamed up with Mitsubishi, and
Ford with Mazda. All three deals mean that auto as-
sembly takes place in the United States. But in each
case, the U.S aytomakers delegated all plapr design
and product engineering responsibilitj ' .
nese partners. The only aspect of production shared
equally is styling. Under the Chrysler-Mitsubishi
agreement, the joint venture will import the engine,
transmission, and accelerator from lapan.

_ Or take the example of the IBM PC,
which is assembled in the United States. The total
manufacturing cost of the computer is about $§860, of
which roughly $625 worth, or 73%, of the components
are made overseas. Japanese suppliers make the graph-
ics printer, keyboard, power supply, and half the semi-
conductors. America’s largest contribution is in manu-
facture of the case and assembl\ of the disk dnves and
the computer.

This trend spells trouble. Ifa Japanese
company handles a certain complex production pro-
cess, its U.S. partner has little incentive to give its -

Joint ventures
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Exhibit 'A sampling of U.S.~Japanese

joint ventures

Bandi:-Mul':I:Manuiacturing
Company -

Machine togls

Bosing-Milsubishi Heavy industries

Boeing-Kawasaki Heavy Industries

Boeing-Fuji Heavy Industnes

Armco-Mitsubishi Rayon

Anplanes o

Lighiweight piastic composites

General Motors-Fujitsu Fanﬁc ) Maching toois

General Mators-Toyola -~ .~ Adtomobiles
Ford-Mazda | Aulomobites
ChiysiorMiisobishi Motors —~  Aulomabiles "

Wastinghouse-Komatsu
Westmghouse-Mnlsubmhn Erectm:

IBM-Matsushita Electric

Robots and small motors

Small.computers

iBM-Sanyo Sewi
Aflen B'ra—cl_ie'v:hiipﬁbﬁd;n_so' T

General EIectnc-Malsusmta

" Programmable c canlrollars and

Robots

Sensors

"“Dnse players yrs and ar ccndmoners

Kodak-Canon Coplers and pholcgraphlc
o equipment
Sperry Univac-Nigpon Univac Comelefs
Houdaille-Qkuma i Machine togls
Naugnal Sermiconductor-Hitachs Computers
Honeywel-NEC Computers
Tandy-Kyocera' _ Computars .
Spefry Univac-Mitsubishi " Computers T

- -

skilled workers the time and resources required to de-
sign and debug new products and processes. Thus as
their employers turn to Japanese partners for high
value-added products or components, America's engi-
neers risk losing the opportunity to innovate and
thereby learn how to improve existing product designs
or production processes. '

Unless U.S. workers constantly gain ex- '

perience in improving a plant’s etficiency or designing
anew product, they inevitably tall behind the competi-
tion. | his is especially true in high-technology sectors,
where new and more efficient products, processes, and
technologies quickly render even state-of-the-art prod-
ucts obsolete. For example, as the Japanese moved from
supplying cheap parts to selling finished products in the
consumier electronics industry, vital U.S. engineering
and production skills dried up through disuse. The U.S.
work force lost its ability to manufacture competitive
consumer electronics products.

The prublem snowballs. Once a compa-
ny’s workers fall behind inthe development of a rap-
idly changing technology, the company finds it harder
and harder to regain competitiveness without turming
to a more experienced partner for technology and pro-
duction know-how. Westinghouse, for example, closed
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its color television tube factory in upstate New York

~ ten years ago because it could not compete with Japa-

nese imports. That same plant will soon reopen asa
joint venture with Toshiba—but only because Toshiba
is supplying the technology. Westinghouse engineers,
who had not worked on color television tubes forat
least a decade, could not develop the technology alone.
On the other hand contmua emphasis
on and investment | f the value-

added chain will resuit in low-

ost, hi

uctsand a stea F stream of innovations in progucis.
current trends persist, Japanese com- ,*

ar TOCESSEs.,
panies will keep gaining experience and skill in mak-

ing products. They will continue to develop the capac- -
ity to transform raw ideas into world-class goods, both
efficiently and effectively.

- The implications of this trend for U.s.

. companies, workers, and the national economy are uni-

formly bad. The Japanese are gradually taking charge
of complex production—the part of the value-added
chain that will continue to generate tradable goods in
the future and simultaneously raise the overall skill
level of the population. The entire nation benefits from
a large pool of workers and engineers with skills and

‘experience in complex production.

The United States, however, will own
only the two ends of the value-added chain - the front
end, where basic research and invention take place, and
the back end, where routine assembly, marketing, and

 sales go on. But neither end will raise our overall skill
level or generate a broad base of experience that can be -

apphed across all kinds of goods.

As more and more production moves
to Japan, our work force will lose the capacity to make
valuable contributions to production processes. An
economy that adds little value to the productivn pro-
cess can hardly expect to generate high compensation
for less valuable functions. If the current trend contin-
ues, our national income and standard of living may be
jeopardized. :
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Japan’s investment
in America

Japanese investment in the United
States has given rise to automobile plants producing
Nissans, Hondas, Toyotas and, in the near future,
Mazdas and Mitsubishis. Japanese semiconductor and
computer manufacturers have helped create a “silicon
forest” in Qregon. In the last four months of 1984,
Japanese electronics companies established 40 new
plants in the United States that produce everything
from personal computers to cellular mobile tele-

Harvard Business Review March-April 1986
phones. According to the fapan Economics Institute,
there are now 522 factories in the United States

in which Japanese investors own a majority stake.

" Japanese companies are also building
laboratories here. Nippondenso’s research centerin
Detroit will focus on automabile electronics and
ceramics, and Nakamichi’s in California will develop
innovations in computer peripherals. Furthermore,
nearly every major Japanese company now funds re-
search at American universities in return for the right
of first refusal in licensing any products or technolo-
gies that are deveioped.

_ Although Iapanese companies fund
basic research at American universities, the results of
that research go back to Japan for commerc:ahza_t:on
At the other end of the manufacturing process, Japa-
nese plants in the United Seates take the results of
complicated production done in Japan and assemble

- the final products. NEC's new computer facility in
" Massachusetts assembles computers from Japanese

_central processing units and memory chips. The most
sophisticated components and systems of automobiles
are apt to be produced in Japan, even if the car is assem-
bled in Michigan, California, or Tennessee.

Heart of the matter

Atthe heart of a growmg number of
U.S.-Japanese joint ventures is the agreement that the

Japanese will undertake the complex production pro- -

cesses. These agreements need not automnatically turn
out this way. In fact, there are many different types of
international joint venture, and each type has different
implicaticons for production, distribution, and division
of profit between the partners.. o
Consider the recent agreement between
AT&T and Philips N.V, under which Philips will dis-
tribute AT&T producrs in Europe. The two companies
each contributed resources to the formation of a new
jointly owned entity. AT&T’s stated goal was to enter
the European market; Philips presumably wanted ac-
cess to AT&T's products. AT&T could have sold Phil-
ips an exclusive European license to manufacture and
distribute its products; it could have leased Philips's |

- factories or built its own in Europe and used Philips as

a distributor; or it could have bought Philips, a move
that would have given it the Dutch company’s facto-
ries and distribution network, as well as alt of its pro-
prietary products..

U.S. companies pla@ws -
with Japan usuall; tind that at Jeastone of these op-
tions is unavailable: they cannot buy a Japanese com--
pany. Still, U.S. companies can enter a wide range of

potential joint venture agreements. Most of the high-
rechnology joint ventures that we examxned however,
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were agreements in which the U.S. partner would sell
and distribute the Japanese product; our study of 33
jolnt ventures between U.S. and Japanese companies
in consumer electronics mdusmes showed that rough-
ly 70% took this form. " "

Under the typical agreement, the U S.
company buys products from its Japanese partner and
sells them in the United States under its own brand
name, using its own distribution channels. The IBM
graphics printer is made by Epson in Japan. The Canon
LBP-CX laser printer is manufactured in Japan and sold
in the United States by Hewlett-Packard and Corona
Data Systems. Even Eastman Kodak is joining the band-
wagon: Canon of Japan will make a line of medium-
volume copiers for sale under Kodak’s name; Matsushi-
ta will manufacture Kodak’s new video camera and
recorder system, called Kodavision.
_ “This type of arrangement is not unigue
- to U.S.-Japanese joint ventures; European high-tech-
nology computer, semiconductor, and telecommunica-
tions companies are also entering into a disproportion-
ately large number of sales and discribution agreements
with the Japanesé.

For manv U.S. managers, these ioint

yentur ake good business sense. Faced with seem-
ingly unbeatable foreign competition, many U.S. com-
Famics Rave decTded THAt It 15 raore profitable to dele-
mmm‘a——— 210 their Japanese partners.

Consider Houdaille Industries, a Florida-based manu-
facturer of computer-controlled machine tools. Begin-
ning in 1982, the company set out to block imports of
competing Japanese machine tools. It petitioned Wash-
ington tor protection, accusing the Japanese of dumping
and receiving subsidies from the Japanese government.
When that strategy failed, Houdaille tried to persuade
the Reagan administration to deny the 10% federal
investment tax credit on equipment to U.S. buyers of
Japanese machine tools. The administration reiected
this proposal as well. Finally, Houdaille announced
thatit'would seek a joint venture w:th Japan’s Okuma
’\Iachmery Works.

The machine tool story

"Houdaille is not the only machine tool
manufacturer to look for Japanese partners. famres A.D.
Geter, chairman of Cincinnati Milacron, the nation’s
largest machine tool manufacturer, noted in 1984 that

% of the products we sold last year did not even
exist five vears ago. We've gone from being an indus-
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try with very little change in pruducts to-one wuh arev-
olutionary change in products.” Many U.S. companies
were unprepared for such a transition and as a result
can make money only by selling advanced products .

manufactured in Japan. In 1983, more than 75% of all § -
machining centers sold in the United States were rnad__e._'
in Japan (even though many &nded up with American ™"

nameplates}, and domestic product:on has dechned
dramaucally '

As 'imports_ haVe increased, i mtcma-
tional joint venture activity in the machine tool indus-
try has accelerated. A recent National! Research Coun- .
cil report on machine tools noted that ““most of these
joint ventures have offered the potential for low-cost,
reliable overseas manufacturing for the U.S. partner,
and an enhanced marketing network in this country
for the foreign one’” For example, Bendix sells a small

turning machine in the United States for $105,000. It

can produce the device in Cleveland for $85,000. The
same machine, produced in Japan by Bendix’'s new part-
ner, Murata Manufacturing, and then shipped to Cleve-

land, costs the company only $63,000. Such compelling

economics underlie Bendix’s decision to transter near-
ly all its machine tool production to Japan.

"+ Orconsider the case of Pratt & Whitney,
which eams profits by distributing foreign-made ma-
chine tools. In July 1984, its president, Winthrop B. -
Cody, told the New York Times: I wish we could make
some of these machine tools here, but from a business
point of view it's just not possible.” Even-U.S. compa-
nies that develop new products look to Japan for manu-

facturing. Acme-Cleveland's state-of-the-art numeri-

cally controlled chucker, jointly developed with Mitsu-
bishi Heavy Industries, will be produced in lapan..

The semiconductor story

While not in quite the same straits as
machine tool producers, U.S. semiconductor manutac-
turers also face increasing competition from Japan and
thus increasing ptessure to enter into coalitions with

" Japanese companies. Traditionally, the fapanese have

entered semiconductor markets as tollowers, thereby
enabling U.S. companies to reap high profits before the
product’s price drops. Once the Japanese enter, they
rapidly gain market share by competing on the basis of
a lower price.

Some of the most famous etamples of
the “'[apanese invasion’ come from the memory chip
wars of 1973-1975 and 1981-1983, when U.S. chip mak-
ers ceded a large part of the 16k a1 then the 64k dy-
namic memory market to Japanese manufacturers pro-
ducing at lower cost. In the spring of 1984, Japanese

“manufacturers controlled about 33% of the U.S. mar-

ket for 64k RAM chips. Taking a lesson from these bat-
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“Look at it this way. gentlemen. Minimum tax is better than maximum tax.”

tles, some U.S. companies decided to delegate produc-
tion to the Japanese at the start of a new project: in
1982, Ungermann-Bass made an agreement with fapa-
nese chip maker Fujitsu by which Ungermann-Bass de-
signs very large scale integrated circuits for local area
networks. The company then sends the designs to Fu-
jitsu in Japan for manufacturing.

Innovations and new products in the
semiconductor industry are a predictable function of
experience and engineering know-how: 16k RAM
chips precede 63k RAMs; the development of the 16-
bit microprocessor follows logically from the existence
of its 8-bit forebear. Since technological leadership is
linked so closely to production experience, the emer-
gence of pioneering Japanese products will only be a
matter of time. In December 1984, for example, Hitachi
introduced a 32-bit inicroprocessor, thus signaling its
intention to compete aggressively against U.S. compa-
nies in leading-edge semiconductor technologies.
While both Motorola and National Semiconductor are
producing a 32-bit chip, Hitachi's entry predates Intel’s
new product announcement. Intel introduced its new
32-bir microprocessor in October of 1985. :

Hitachi’s push toward stare-of-the-art
semiconductor production foreshadows a new round of
sales and distribution agreements. Soon executives at

Intel or National Semiconductor will realize that Hita-
chi or another Japanese semiconductor manufacturer
can sell advanced semiconductor products at prices

that U.S. companies cannot match, These semiconduc-

tor companies might go to Washington looking for
trade protection. More likely however, they will try to.
preserve their protitability by negotiating sales and dis-
tribution agreements. National Semiconductor already
has trading ties with Hitachi through which it markets
Hitachi’s computer in the United States.

A comparison of two joint ventures—
National Semiconductor-Hitachi and Amdah]-
Fujitsu—iljustrates the different approaches U.S. and
Japanese companies take toward joint ventures. Fujitsu
and National Semiconducror both fabricate integrated
circuits, while Hitachi and Amdahl manufacture IBM-
compatible mainframe computers. Both ventures link
a computer and a semiconductor manufacturer.

The agreement between National Semi-
conductor and Hitachi is similar to sales and distribu-
tion agreements in other industries. In an attempt to
diversify downstream, National Semiconductor will
sell Hitachi’s IBM-compatible mainframe computers -
in the United States. Hitachi, however, will be under
no obligation to use any National Semiconductor
products in making its computer. National Semicon-
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ductor may thus find itself in the position of manufac-

tuning chips for Hitachi’s competitors while selling a

Japanese-made computer that contains none of its own
components.

In contrast, Fixiitsu purchased a control-
ling interest in Amdahl in 1983. As aresult, Amdahl
will now buy from Fujitsu most of the semiconductors
it uses in the manufacture of its mainframe comput-
ers. Fujitsu will not, however, sell Amdahl computers
in Japan. In both cases, Japanese companies add to their
manufacturing experience. Complex production stays
in Japan, and the final products are sold in the United
States.

B e s L L

The story behind
the stories

What lies behind Japan’s direct invest-
ment in the United States and the coalition-building
activities of U.S. and Japanese high-technology compa-
nies! What motivates U.S. and Japanese managers?

~ The Japanese hope to mitigate future
U.S. trade barriers Ez investing in the Unired Sta;g§
ancl allvmg with UJ.S. comnpanies. In 1981, nontariff im-
port restrictions protected about 20% of U.S. manufac-
tured goods; by 1984, protection covered 35%. To the
lapanese, the trend is clear. If the Reagan admirfistra-
tion succumbed so readily to protectionism, what can
the Japanese expect from future administrations that
may be less ideologically committed to free trade?
Mazda is investing $450 million in 2 new auto assem-
bly plant in Flat Rock, Michigan because quotas had
prevented Mazda from importing enough cars to meet
demand. Despite the recent expiration of voluntary
import restraints on Japanese automobiles, Chrysler
and Mitsubishi came to an agreement in April 1985 to
assemble Mitsubishi automobiles in Illinois. Concem
over future trade barriers was a strong motivating fac-
tor for Mitsubishi. _

From the Japanese perspective, joint
ventures with U S companites will also help forestall

Jturther protectionism. RCA was notably absent from
the 1977 dumping case over fapanese color television
sets. Because it had licensed technology to Japanese
television manufacturers, RCA was benefiting from
fapanese imports. In the same way, now that RCA is
distributinig a PBX systern manufactured by Hitachi, it
has no interest in pushing for trade barriers in telecom-
munications equipment.

In both joint ventures and direct invest-
ments, U.S. companies and workers become partners
in lapanese enterprises. Japanese direct investment
puts Americans to work assembling Japanese-made

Joint ventures M

components. Joint ventures and coalmons cmplm
Americans selling Japanese products. If trade barriers

limit the flow of products from Japan, American work-

ers will lose their jobs assembling and distributing
these goods and U.S. corporations will lose money.
Why do U.S. companies find joint ven- .
tures with Japanese companies so attractive! Compa-
nies in emerging industries often view a joint venture
with a Japanese company as an inexpensive way to en-

- tera potentzally lucrative rmarket; managers in mature

industries view the joint venture as a low-cost means
of maintaining market share. In industries ranging
from consumer electronics to machine tools, the Japa-
nese have the advanced products American consumers
want. Joint ventures allow U.S. companies to buy a
product at a price below the domestic manufacturing
cost. The Japanese partner continues to move down its
production learning curve by making products des-
tined for U.S. markets. Thanks to these joint ventures
and coalitions, the efficiency gap between U.S. and
Japanese manufacturing processes will continue to
widen.
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A Japanese strategy -

The trends of the past 40 years as well
as current Japanese actions in the United States sug-
gest the existence of a long-term Japanese strategy. The
overriding goal of Japanese managers is to keep com-
plex production in Japan. They intend to develop na-
tional competitive strength in advanced production
methods. U.S. managers who warnt to take advantage of

" Japan's manufacturing strength may do so by selling

Japanese products in the United States. They may also
set up production facilities in Japan, provided the\ are
run and staffed by Japanese.

Increasingly, American managers are
aiding the Japanese in achieving their goals by channel-
ing new inventions to Japan and providing a sales and
distribution network for the resulting products. Bur-
roughs and Hewlett-Packard, for example, have just set
up buying offices in Japan to procure high-tech compo-
nents from Japanese manufacturers. Over the next five

- years, we expect sales and distribution agreements to

result in lower profitability and reduced competitive-
ness for the U.S. companies that enter into them.

The reason js simple: the value provided
by the U.S. partner in a salés and distribution agree-
ment is potentially replaceable. The U.S. company
gives away a portion of its market franchise by relyiny
on a Japanese company for manufactured products~in
essence, it encourages the entry of a new competitor.
As shown by the Japanese-dominated consumer elec-
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tronics industry, these agreements can act like a Troian
horse: the U.S. company provides the Japanese compa-
ny access to its customers, only to see the Japanese de-
cide to go it alone and set up a distribution network on
the basis of a reputation gained with the help of the’
U.S. partner. Even if the Japanese do not terminate the
agreement after establishing a presence in the United
States, lapanese manufacturers are in a position to

squeeze their U.S. distributors’ profit margins precisely

because sales and distribution functions are so vulner-
able to replacement.

U.S.companies are selling themselves
too cheaply; in letting their Japanese partners under-
take product manufacturing, they are giving away
valuable production experience. Instead, UJ.S.-based
companies could begin to invest in more sophisticated
production within the United States. They could seek
to develop in our work force the same base of advanced
manufacturing experience that Japanese managers are
now creating among their workers, Unfortunately,

from the standpoint of a typical U.S. company, the guar-

anteed return on this sort of an investment is often not
enough to justify its cost, especially when the alterna-
tive of fapanese manufacture is so easy to choose.

Production experience is essentially
social. It exists in employees’ minds, hands, and work
relationships. It cannot be patented, packaged. or sold
directly. It is thus a form of property that cannot be
claimed by the managers who decide to investin it and
the shareholders they represent. This form of prop-
erty belongs entirely to a company’s work force. [t will
leave the company whenever the workers do.

'An economic fable

. Imagine the following: the chief ex-
ecutive of a U.S. company decides to invest in pro-
duction experience. Instead of relying on a fapanese
supplier for a complex component, top management
decides to produce it in America, inside its own opera-
tion. The component costs more to produce here than
in Japan ~ the equivalent of $1,000 more per employee.
The higher cost partly reflects the overvalued dollar,
but it occurs mainly because the [apanese have already
invested in producing this component cheaply and reli-
ably. The chief executive sees the added expense as an
investment. Once the workers and engineers gain ex-
perience in making the component, they will be better
able to make other products. They will learn about the
rechnology and will be able to apply that leamingin

3 Andrew Welss,

- Symple Truths ot lapanese
Minunacturing,”
HBR luly-August 19sd.p [y

! Eudene Ruudsepp.
Reducing Enaineer Turpves”
Mucinae Devan

Septemher 3 {9l p 32

- the factor cited most often by departing engineers was
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countless ways to improve the company’s ather pro- -
cesses and products. As a result, the company will gain
$1,500 per worker in present-value terms. Thus the i ini-
tial $1,000 investment is well worth it.

As might be imagined, the chief execu-

‘tive cannot get anywhere near the $1,500 return envi-

sioned from this investment. As soon as the workers
and engineers realize their increased value, they ask for
more money. In this fable, they can, of course, ask for
§1,499, since they are now worth an extra §1,500.

If the executive refuses to give the
workers a raise, they can simply leave the company
and work for the competition. Faced with a sizable loss
on the investment, our executive vows that from now
on the company will buy advanced components from
Japan.

This fable is not so farfetched. Studies
show that companies retain an average of only 53% of
their engineering trainees after two years. In one study,

“inadequate compensation,” followed closely by “‘un-
certain future with the company’’ and “higher salary
offer elsewhere.” Thanks to such high job mobility, the
engineers responsible for developing a new product or
designinga cost-saving manufacturing process at one
company in one year may find themselves using their
expertise to help another company in another year—
perhaps their first employer's chief competitor. Thus,
companies that invest in production experience may
ultimately produce profits for the competition.
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The Japanese system of lifetime em-
ployment eliminates this problem. While not all Japa-
nese companies subscribe to such a policy, most of the
large companies making advanced products for export
do. This system makes it unthinkable for workers to
join the competition; they would leave behind friends,
homes, social status—in short, much more than a job.
In this atmosphere, an investment in production expe-
rience comes quite naturally. Benefits resulting from
such an investment tend to remain with the company.

, - Furthermore, because of the abundance
of engineers and because engineers stay with their orig-
inal employers, Japanese managers can give factory
workers more engineering support. As Andrew Weiss
noted in an HBR article, for high-volume, low-technol-
ogy products like radios, the ratio of production work-
ers to engineers in Japan is about four to one. In divi-
sions making more sophisticated products, such as very
large scale integrated circuits, the Japanese manufac-
turers observed by Weiss employed more engineers
than production workers. Weiss attributes the high lev-
els and rapid increases in Japanese companies’ labor
praductivity to heavy investment in engineering.'
Most conventionally organized U.S. companies, faced
with high tumover, cannot afford to mvest so heavily
in their engineers.

As a result of these organizational dif-
ferences, U.S. managers have little incentive toinvest
in production experience. The Japanese, however, will
be able to capture most of the returns from their in-
vestments in Japanese workers. U.S. managers are
happy to buy components from the Japanese or build
new factories in Japan, thus further contributing to the

] production experience of the Japanese work force. But

what is really at stake i where company headquar-
ters are located or profits remitted, but rather the value
added by anation’s work force to an increasingly glohal
process of production and the capaci wOor
force 10 generate pew wealth in the future. We are fall-

ing behind in this high-tech race, and actions taken by
both U.S. and Japanese companies only serve to further

o—

weaken the U.S. work force..
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Changing course

The current situation has severe draw-
backs for U.S. companies over the next five years. Over
the long term, U.S. companies that enter joint ventures
with fapan cannot maintain high profitability by pro-
viding services, such as assembly and distribution,
which add very little value to the product being sold.
The resulting interplay, while superficially promising,
coulid really be just an extended dance of death.

1 .
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Profit sharing?

As prohts dwindle, management might

at last look to profit sharing or pther forms of employee o

ownership that reduce turnover rates. The lower the
turnover, the more profitable are investments in the
work force. Furthermore, profit-sharing programs will
enable workers to gain directly from a company's in-
vestments in them. To return to our fable, when work-
ers in a company practicing profit sharing demand their
raises, our chief executive need only say, “Wait, and you
will get higher compensation when our investments
start paying off and the company makes more money.”’

In practice, however, it may be impossi-
ble to devise a profit-sharing system that solves the
problem. In a large company, for example, employees of
different divisions would have to be compensated
based on their divisional performance-a difference
sure to create resistance to transfer among divisions,
which makes it hard to share production experience.
Furthermore, a new system of ownership and an im-
mediate change in managerial or worker attitudes do
not automatically go together. Consider Hyatt Clark
Industries of Clark, New Jersey, a worker-owned com-
pany in which management refused to distribute com-
pany profits, or the Rath Packing Company of Water-
loo, Iowa, a worker-owned company in which the
workers went out on strike.

Moreover, corporate objectives are often
inconsistent with a goal of profit sharing or employee
ownership. Unlike workers, corporations can move
overseas. Why make risky investments in workers
when safer Japanese alternatives present themselves?
If we wait for U.S. corporations to increase their invest-
ments in their workers, we may have to wait too long.
The plants that these companies will evenrtually sell to
their workers will be obsolete, and America’s com-
parative disadvantage will be too great to overcome.

Public benefits, private costs

‘ In this situation, government has an
appropriate role. The difference between the social and
private returns on investments in production experi-
ence is an example of what economists cail an ““exter-
nality” Other examples of externalities abound: when
a company pollutes the air, it is using a public resource
~clean air- for which it is.not paying. The private
company is, in essence, shiftirig a cost to the public -
and thereby boosting its rate of returm at public

- expense. In this case, government’s role is to ensure

that the company’s costs reflect the value of resources
used in production. The clean air regulations of the’

———
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... 1970s made managers include the costs of pollution— -=- iz~ T
..~ or pollution cleanup-in their investment decisions. ' ' RO

In the case of production experience, the
balance between cost and reward is reversed: society .
-, . asawhole benefits more than do most companies from o E

investments in workers and engineers. Government ' o

should thus create incentives for companies that as ‘
doing business in the United States —regardless of f- :
where the company is headquartered - to invest in com-
Elcx production here, using American workers and en:
gineers. Companies should reap an extra public reward
for investing in production experience to make up for
the diminished short-term private reward of doing 50,
. | The government could subsidize investments in pro-
| " lduction experience through, for example, a human
investment tax credit. The object would be for govern-
ment to accept part of the economic cost of creating an
important national economic good: more highly skilled,
trained, and experienced workers and engineers.

In addition, government could support
private investment in production experience in other,

less direct ways. Federal and state governments could.
( sponsor “technology extension sérvices” modeled on

the highly successful agricultural forerunner. An ex- ‘ —_

tension service could inform smaller businesses about
the latest methods in manufacturing technology and
. undertake pilot programs and demonstrations. By shar-
ing information and conducting classes, an extension
service could help smaller manufacturers—the under-:
-+ - pinnings to the industrial base - keep pace with change,

[ TV,

“Caooperate to Compete Globally” by Howard V.
Perlmutter and David A: Heenan on page 136 of

For another perspective on this same topic, see n¥
this issue.

Antitrust laws could be modified to
_ permit American companies to invest jointly in com-
| plex production in the United States, thereby spread-
- ing the cost of the investment over several companies.
The Federal Trade Commission allowed General
Motors and Toyota to form a joint venture; would it
have also approved 2 GM-Ford deal?

Our future national wealth depends on
our ability to learn and relearn how to make things
better. The fruits of our basic research are taking seed
abroad and coming back home as finished products

. needing only distribution or components needing only
assembly. America’s capacity to produce complex
goods may be permanently impaired. As 2 production-
based economy, the United States will be enfeebled. . ~.._
What will also be lost is the wealth~the value added~ ™ -
contributed by the center of the value-added chain.
And that is a prospect that should concemn executives
and government leaders alike. €
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Stoppmg the High-Tech G1veaway

By STEVEN PROKESCH

HEN Reagan Administration opposition
wnm:ed Fujitsu Lid. to drop its plans to buy

contro] of the Fairchild Semiconductor Cor-
poration last week, Fujitsu and Fairchild executives
immediately made it clear that their relationship
was not dead, The two companies now plan to enter
into & serles of technology-exchange and develop-
ment programs and joint manufacturing projects
that will enable the companies to make and sell each
other’s products,

By teaming up with a foreign company in such a’

fashion, Fairchild is merely joining the pack. So-
called cooperative ventures or strategic alliances
with foreign companies have become a way of life in

nearly every mdustry Hundreds of American com-
panies have turned to foreign partners for assistance
in dealing with intensifying global competition, pene-
trating foreign markets and shouidering the big costs
of developing sophisticated new products.

But even though there was no immediate outcry

from Washington; Fujitsu’s and Fairchild’s plans to -~

live together rather than marry still carry some of
the same risks of transferring technology to Japan
that had caused Government officials to oppose the
propused acquisition. Indeed, there are growing con-
cerns in business, Government and academic eircles
that such American-foreign alliances have resulted
in alargely one-way flow of technology and other
critical skiils from the United States to foreign na-
tions, especially Japan. And while many American
companies are loath to talk about it, a broad reag-

merican businesses have

given away precious
technology in ventures with
foreign companies. Now
they share less, and try to get
something in return.

sessment of alliances with foreign companles is
clearlyunder way. :
Many of the competitive problems now plaguing
American manufacturers of such products as semi-
conductors, machine tools and consumer electronics

- stemmed from ties with foreign companies,

. When the RCA Corporation licensed its color
television technology to the Japanese decades ago,
its leaders saw the deals as a low-risk way to make
same easy money, RCA Is still pocketing handsome
royaities, but the Japanese now have a bigger share
of the American market than the RCA brand. :

More recently, cooperative ventures have come

" back to haunt the semiconductor industry. As re-

cently as the early 1980's, American semiconductor
makers were a symbol of America’s technological
might. But by entering into a range of licensing, mar-
keting and manufacturing ties with American com-
panies, the Japanese assimilated everything the
masters hed to teach. Now the Japanese are the mas-.

ters, and the Americans are scrambling tocatchup, - - -

The big worry is that what happened in color,
televisions and electronics is happening everywhere,
1f American companies do not change their approach
to cooperalive ventures, the resulting transfer of
technology to foreign countries, especiglly Japan,
could ultimately threaten the nation’s dominance of-

- other key industries, including biotechnology, tele-

communications, computers and aerospace, accord-
ing to Government and business officlals and experts .
who have studied the phenomenon.

“There is hardly an industry where we haven't
transferred technology to Japan,” said Clyde V.
Prestowitz, who as counselor to the Secretary of-
Commerce was one of the nation's top trade negotia-
tors with Japan from 1981 to mid-1988, “If we give
our technology away, we have nothing to compete
with,” he added,

Mr. Prestowitz may sound like he was stating the
obvious, but it was somethlng that a lot of managers

i i Continued on Page 8
i : S




Continued from Page |
- were painfuily slow to recognize.
- Many American executives clung
to the belief that the Japanese had no

technology of worth long after that

was no longer the case. Why? Tradi-
tion was one reason. Sheer arrogance
was another, .

After World War I, the United
States  Government _encouraged
American companies to ghare their
technology to help rebuild the war-
ravaged economies of Europe and
Japan. Long after that task was ac-
complished, the technology outflow
continued. Having dominated the
world markets for so long, many
American businessmen seemed in-
capable of secing the Japanese as
their equals let alone thelir superiors.
Confident of their ability to stay at
least one step ahead of the Japanese,
they did not worry that they were
helping the Jepanese become for.
midable competitors.

Such talk can still be heard at aerp-
ipace compeanies such as Boeing and
Prait & Whitney, which enjoy a tech-
nological lead — at least for now.
don't see the Japanese or anyone elge
developing competitive technology by
associating with us,” said Robert Ro-
2atl, & recently-retired Pratt & Whis-
ney official who led its joint venture
with companies from Japan and
three other nations to develop jet en.
gines. ““They don't have the design or
development capability w do any
kind of engine, and they're not going
to get them.” ’ '

Bul plenty of humbisd executives in
industries ranging from chemicals

and cars to semiconductors and ma-
chine tools have wised up. “Anytime
you license a foreign company to
manufacture and perhaps sell for
¥you, yow're in effect putting another
competitor into the marketplace,”
said B. Charles Ames, chief executive
of the Acme-Cleveland Corporation.
‘*Anybody who doesn't realize that is
pretty damn nayve.” .
*Giving up technology is now far
Inore suspect,” gaid John M. Stewart,
who advises major corporations on
technology issues for McKinsey &
Company, the consulting firm.

LARMED by the travails of the
‘ semiconductor industry, execu-
tives at the Ford Motor Com-
pany recently decided against enter-
ing into a venture with the Japanese
t> produce a high-technology compo-
nent for the power train of its cars,
And General Electric has become _
much more cautious about licensing
its “best high technology” to the
Japanese, said Philip V. Gerdine, a
G.E. executive. General Eleciric’s
“wariness” of the Japanese ‘'has
800€ up As our respect for them has
goneup,” he aaid,

The Inte! Corporation, the semicon-
ductor maker, licensed & half-dozen
domestic and foreign manufactyrers,
including Fujitsu and NEC, to make
i first microprocessor for the Inter- ,
neatlonal Business Machines Corpora-
tion's personal computer and com-
petible machines. For its new third-
generation microprocessor, it will Ii-
cense no more than two companies
and maybe none. _

Acme-Cleveland once licensed Mit-
subighl Heavy Industries to manufac-
ture and sell one of its machine tools
ontly to watch Mitsubishi become its
rival in the United States market.
Acme-Cleveland incorrectly assumed
Mitsubishi’s ambitions were limited
to Asia. Now, in choosing a Japanese
company to make some of its tefe.

communications equipment, Acme- .

Cleveland is being “darn carefu! to
make sure the company that 15 going
to manufacture it for us does not have
any apparent interest in get into
this market" said Mr, f\m%:.g And
Acme-Cleveland, he sald, will make
sure that itg licensing agreements in.
clude market restrictions. :

Companies that had relied on joint

ventures to compete in Japan are
now establishing wholly owned sub.
sidiaries, Duracell, Kraft Inc.’s bai-
tery subsidiary, did that last Novem-
ber, when i canceled a venture with
Sanyo Electric. EI du Pont de Ne-
mours & Company is operating new
businesses in Japan on its own and is
ahifting some activities of its existing
Japatiese ventures to a subsidiary,
according to William H. Davidson, an
associate professor at the University
of Southern California's Graduate
Schoe! of Business. Car] De Martine,
& Du Pont group vice president. sajd:
“Given our free choice, we would
prefer to have a 100-percent-owned
company anywhere.”

American companies, when they do
contribute technology to a venture,
Are demanding technology of equal
value in return, something many had
not done as recently as five years ago,

“There's & greater sensitivity to
.the need to get a two-way exchange
&8 opposed to the one-way flow, which
was fundamentally the way most
joimt ventures In the last 20 years
were structured,” said §. Allen Hein.
inger, a vice president of Monsanto
and president-elect of the Industria]
R Institute, an organization of
senior research officials from major
companies.

Under the terms of a new joint ven-
tre in semiconductors with the
Toshiba Corporation, for exampie,
Motorola Inc. will give Toshiba some
of its microprocessor technology but
wili recelve Toshiba's “very leading
edge” technology in memory chips
and manufacturing, said Keith J.
Bane, Moterola's director of strategy.

To insure that the technology flows
both ways, a growing number of
American companies are insisting
hat their managers be invoived in
ventures in Japan. Celanese (which
was bought by Hoechst of West Ger- -
many earlier this year) trained two
of its employees tp speak Japanese
and put them into a joint venture with
Daicel Chemical Industries to 80ak

- up Daicel’s expertise in automotive

plames.'meyarenowbacklnnetrott

working to apply wnat they 1earneq.
While many joint ventures in Japan
have been confined to manufacturing
and marketing. more American com.
panies are insisting that they do re-
search and development. Only 8 per-
cent of the new ventures formed in
Japan in 1973 involved research and
development, but 35 percent of those.
formed in 1985 did; according to a

study by Laurent L. Jacque, an assist-
ant profesgor at the University of .
Pennsylvania's Wharton School.

At the very ieast, some American
companies are using ventures ag a
way to-master Japanese manage-
inent techniques. That was & key mo-
tive for General Motors's joint ven- _
ture with Toyota to make small cars
in California. : )

UNLIKE American managers,

foreign businessmen, espe-
cially the Japunese, long ago
realized that they could explott thege

. alllances for more than just gquick

gains in market share or short-term
profite. For them, ventures were a
way 0 gain the technology and skills

_needed to achieve plobal leadership.

in his studies of such ventures, in.
cluding five of Du Pont's in plastics,
Protessor Davidson found a patiern,
The Japanese company .would as.
similate its American parmer's tech.
nology or production skill and then
squeeze out the American partner,

Such a sqgueeze led to the split-up
last summer of a venture between
Humphrey Instrumenta, a Calllornia
concern, and Hoys Glass of Japan.
“Hoye developed the ability to
produce the machinas on s own and
effectively terminated the agree-
ment,” Professor Davidson said.

One reason that the Japanese often
seem 0 end up with the upper hand is
that they fraquently wield total man-
agement control of the venture. Sev- -
eral of the Du Pont ventures that Pro-
fessor Davidsor. swdied had mo
American managers

An even more basic problem, ac.
cording to several experts, i8 that
many more Japanese speak English
than Americans speak Japanese. )

This has made it difficult for Mon-
santo, the chemicals concern, 1o
make sure it was getting as vajuable
technology from its' Japanese part-
ners as it is giving to them.

““We have few scientists who are
proficient in Japanese,” Mr. Hein-
_inger said. As a result, “‘we don't have
the fluency to probe in detall their
. technical people the way they can
probe tn detail our technical people.”

The Japanese have not been nearly
as generous about sharing their tech-
nology and manufactluring expertise,
contends Robert B. Reich, professor
of political economy and manage-
ment at Harvard University's Ken-
nedy -Schooi of Government. In his
study of 100 ventures, he found that
Japanese companies aimost always
tried to keep the highest value-added
parts of production for themaelves,

If this trend continues, he worries
that the Japanese will increasingly be
the ones who turn American break.
throughs in basic science into useful
products. Americans, he said, will be-
come second-class agsemblers and
distributora of Japanese goods. . -

In many cases, though, American
companies have had littie choice but ‘
to form disadvantageous relation.

ships to do business in Japan.

Until the mid-1970's, the Japanese

* prohibited Americans from setting
up wholly owned subsidiaries in

Japan. Insiead, they had to enter into

jointly owned enterprises with Japa-

nese companies. And the price of _



entry into Japan included a reguire-
mant 1o license their technology 10
Japanes= concerns. .

Even ufter these laws were re-
laxed, American companies fre-
quently found it difficulf 1o break into
the Japanese market on their own
This has been especially true in such

expensivu. icchnalnglcaily sophisti- -

cated products as telscommunica-

tions equipment and commercial aire
cratl, where the Japanese Goverp-

meni — like the governments of most
countries == plays a big role in deter-
mining which vendor wins an order.
A is still the case in most countries,

including Japan, sharing technology
and production with local cnmpnt;g.

is & prerequisite for winning an order.

Culturai differences have also
made it virtally impossible for
American companies to compete on
their own in Japan,

The long-term  relationships be-
tween suppliers, manufaciurers and
distributors so vaiued in Japan hin-
der American companies. With acqui-

sitions frowned upon in Japan, Amer-

ican companies have ofien had little

choice bul. to team up with a Japanese

company o break into the market.

ESFITE all the dangers, strate-
gic alliances with foreign com-
panies, including the Japanese,

seem here to stay, Indeed, even with
the reassessment of ventures going
on, no one expects any significant
slowdown in their formation. :
__ American inventiveness is admired
throughout the world, but small cosn-
panies, which account for so many
discoveries, .must often turn to for-
€ign partners for help in maki -
distributing their products — and for
the capital needed to stay alive. '

Even giants, though, wiil continue
to link up with foreign compantes.
General Motors, Ford and Chrysler
now import not only components but
entire cars from Asia. Companies in
businesses ranging from appliances
to photocoprers (0 machine toais have
tesorted to the same taciic. Such ar-
rangements often force the American
company 1o Jisclose vital design or
product information,

3usiness ieaders have also come to
view strategic ailiances as a neces-
aty in industres where product
development costs are exorbitant.

[t costs $50 miilion to $100 million to
bring a new drug to market, so phar-
maceutical companies have to mar-
ket it rapidly throughout the world to
recoup the investment. That requires
strategic  allianees, said Henry
Wendt, president and chief executive
of the SmithKline Beckman Corpora-
tion, which has 10int development and
marketing agreements with Boeh-
ringer Mannheim of West Germany,
‘Fujisawa of Jjapan and Wellcome
P.L.C. of Britain, :

Similarly, virtuaily no singie com-

pany can afford the billions of doilars

it costs o develop a new commercial
jet — not to mention the 5300 million
0 §700 million to develop the engines
to power it. For that reason, interna-
tional consortiums have become a
way of tife in the aerospace industry.

In a2 recent interview, Makoto

Kuroda, a senior official of the Japa-
nese Ministry of [nternational Trade
and Industry, reiterated his Govern-
ment's assertion that Japan has
abandoned all ambitions to become
an independent power in commercial’
jets. At least publicly, such aerospace
companies as Boeing and Pratt &
Whitney, the jet engine maker, say
the Japanese lack the design and sys-
tems ability and the innovativeness to

" The Government Tﬁes to Help

threaten American leadership in alr- ]

crafi or engines. But privately, indus-
“try officiais are nervous. said Leslie

Whatever their long-term inten-
tions might be, Japanese clout — and
expertise — is clearly growing. .

i

Boeing will allow its Japanese part- -

|
!
i Denend. a McKinsey consultant.
|

ners to design and produce compo-
| nents equal to 25 percent of the value
i of the 737, the 150-seat, fuel-efficent
| jet that Boeing plans to have in serv-
: ice in the early 19890's. That is about
produced of the 200-seat 767.

Even 1! the Japanese pose no im-
mediate threat to prime contractors
such as Boeing, they are already tak-
ing business away from American
component suppliers, said David C.
Mowery, an aerospace expert at
Carnegie-Mellon University, Eventu-
ally, they may do the same to the
prime contractors, according to
many experts.

LOWLY, painfully, American

managers are learning that

doing business in a global ecom-
omy carries enormous dangers ajong
with opportunities. Having been
burned by foreign alliances, some
managers, at least, have lost the arro-
gance that made them such easy
prey. The guestion is whether man-
agers in other industries will learn
from their example, or have to learn
on their own. ) |

twice the share that the Japanese

Government offigiais ara at-
tarmpting ta.limit the dangers
posad by the proliferating ties
between American and foreign
companies by énacting new
laws and ralaxing oid ones.

Untif a new law was enacted
tast year, pharmaceutical com-
panies couid not seil products
for clinical tasting or sate abroad

| uniass the Food and Drug Ad-

ministration had approved them
for tasting or saie in the United
States. That forced such bio-
tachnology companies as

Genentech to licensa their tech-

nol to foreign companies in-
stead of suppiying theair prod-
ucts abroad themselves, "We
now have |95s nead to transfer
technology,” said Thomas D.

. Kiley, Genentech’s vice prasi-
dant for corporate davelopment.

Once it was virtuaily impossi-

ble for American semiconductor
companies to protect their mask
designs — the 'nagatives”’ from
which semiconductors are made

, — from foraign pirates. Sut new

. laws have substantiaily
strangthened copyright protec-
tion of masks and microcoding,

instructions implanted in semi-

' conductors. Combined with the

dasignation of a spaciai Federal

courtto hear patent-infringe-
ment cases, that has had a dra-
matic effect: 70 to 80 percent of

- 3uch suits are now upheid, up

from 20 to 30 parcent befora.

A 1984 law enabied semicon-
duc¢tor makers to engage in joint
rasearch. A group of slectronics
companias then formed a ra-
saach consortium. the Micrce-
lectromie and Computer Tech-
nology Corporation, A Pentagon
adwisory group is supporting the
formation of a semiconductor
congortium t0 develop manufac-

* turing techinclogy and engage in

limited production of chips.
To keep the aerospace indus-
try competitive, the President's .

" Qffice of Science ana Tech-

noiogy Policy recommended in
February that American compa- .
nies be ailowed to collaborate
not only on research fof super- |
fast aircraft but aiso on davelop-
meant — something antitrust
laws now bar. s
“Thera is no hysteria now"”
about the agrospace ndustry's
competitivenass, said Crawford
F. 3rubaker, Deputy Assistant
Secretary of Commaercae. “But
given what has happened in
other industries, we don't want it
to happen in this one.” [ ]

T S— : _
i The Varieties of Business Alliances

Joint Ventures invoive the creation of an enterprise jointly
owned by the parent companies to develop or manufacture or
sell parucular products olen in a parucular market. inmany
American-Japanese joint ventures. the Americans contributed
the technotogy. only to find themsetves discaroed when thelr
Japaness partner had mastered the innovation., '

Licensing Agreements iypically permutthe iicensse to
manufacture ang sell a proguCt meorporating the ownar s tach-
nology in return for royatty payments, But in eiectrical power
plam eguipment. eolor televisior sets, machine tools. eisctronic
components and many other inpustries, agresmenis have not
fimited hcanseas to & giver marketl of proguct apphication. Byim-
oroving On the technology itselt, captalizing on tner lower manu-
facturng COSLS Of applving the technomgy (o new Pragucts.
Jewanese companies have used the nfense 1o beZOMme sUONG
combetitors in the Uniteg States ano abroac.

Markeling /Manufacturing /Supply Arrangements
anghile a p'artner tc make or seli ang service the other s products.
Am@ncan compenies have usad tness arrangements 1o imoort
icw-cost forengn Components Or @nure Producis. anc 1o distridute
Amelican-maae products in foreign markets. because suCh a-
liznces ofter mvolve sharing Amernican tecnnology ans gesign
specitications with the foreign partner, the resuit has often beer

one-way technology transter,




Through gift, theft and license, our technology is leaking abroad

almost as fast as we develop it. So scratch the long-term dream of
a US. living off exports of high-technology goods and services.

Does anyone really
believe in free trade?

EVER MIND if the U.S. loses its By Normen Gall now a Brazilian,

manufacturing skills; we’ll just : His company, Microtec, is Brazil’s first
import manufactured goods and pay for them and biggest producer of personal computers. Elias came to
by exporting high technology and knowledge- - Sio Paulo eight years ago to teach night classes in engi-
oriented products. Steel in, software out. Autos neering, In 1982 the Brazilian government banned imports
in, microchips out. of small computers. Seizing the opportunity, Elias started

That's a comforting theory held by a lot of pcogle. Is it making the machines in the basement of a supermarket in
workable? Increasingly it looks as if it is not workable. The the industrial suburb of Diadema.
whole concept is being seriously undermsined as U.S. inng- ~ Technology? “We worked from IBM technical man-
vations in technology are adopted not only by Japan but uals,” Elias told Forszs. “We had a product on the market
also by such fast-developing countries as South Korea, by 1983. We started making 20 machines a month. Sccn
Brazit, Taiwan, even India. : - we'll be making 2,400. Now my brother may be joining our

While these countries are more than happy to sell us firm. He’s a graduate of the Sloan School of Management
manufactured goods, they closely control their own im- at MIT. He’s been managing an investment company in
ports of technology goods they buy from us. Exports of Dubai, in the Persian Gulf, but we need him here. Brazil is
computers and other high-technology products from the one of the world’s fastest-growing computer markets.”
U.S. are still huge, but the long-term prospects are in  There you have it in a nutshell: foreigners, some of them
question. In areas of medium technology, mini- » & US.-educated, copying—stealing, to be blunt—U S.
computers in particular, developing countries are -~ - X L technology and reproducing it
adapting or stealing U.S. technology or licens- q* S
ing it cheaply to manufacture on their own. . own governments. An iso-
Many of the resuiting products are flooding _— . ¥ . . lated development? No,
right back into the U.S. 1, -2 AWeit'Sk % ., this is the rule, not the ex-

The Japanese developed this policy to a >3l WY i ception, in much of the
fine art: Protect your home market and world. How, under such
then, as costs decline with volume, man- circumstances, can the
ufacture for export at small marginal cost, U.S. expect to reap the
A good many developing countries have fruits of its own science
adopted the Japanese technique. - and technology?

Against such deliberate manipulation of Time was when tech-
markets, what avails such 2 puny weapon 4 nology - spread slowly.
as currency devaluation? Whether the 4 Communications were
dollar is cheap or dear is almost irrel- sluggish and nations
evant. Free trade is something we 4 went to great lengths to
al] believe in unti] it clagshes with | keep technological in-
what we regard as vital national # novations secret. In
economic interests. northern Italy 300 years

These are the broad trends. ago, stealing or disclosing
Now meet Touma Makdassi the secrets of silk-spinning
Elias, 41, an engineer born in machinery was a crime pun-
Aleppo, Syria, Elias has a mas- ishable by death. The ma-
ter's degree in computer sci- chines were reproduced in
ence from San Jose State, in England by John Lombe only
Silicon Valley, and & doc- after he spent two years at
torate from the Cranfield risky industrial espionage in
Institute of Technology Italy. At the height of the
in England. Grounded Industrial Revolution,
in European and U.S. Britain protected its
technology, Elias is J§ own suprémacy in
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with protection from their



textile manufacture through laws banning both exports of
machines and emigration of men who knew how to build
and run them. : '
These embargoes on the export of technology were even-
tually breached. France sent industrial spies to England
and paid huge sums to get British mechanics to emigrate.
By 1825 there were some 2,000 British technicians on the
European continent, building machines and training a new
generation of technicians. A young British apprentice,
Samuel Slater, memorized the design of the spinning
frame and migrated to the U.S. in 1789, later establishing a
textile factory in Pawtucket, R.I. So, in the end, the tech-
nology became commonplace, but it took decades, and, in
the meantime, England was profiting handsomely from its
pioneering.
Not so today, when 30% of the students at MIT are
. foreigners, many destined to return to their native lands
and apply what they learn of U.S. technology. What once
was forbidden, today is encouraged. Come share our
knowledge, : .

Consider the case of Lisiong Shu Lee, born in Canton,
China in 1949, raised in Rio de Janeiro, now product
planning manager for SID Informatica, one of Brazil's big
three computer companies. Like many leading Brazilian
computer technicians, Lee is an engineering graduate of
the Brazilian air force’s prestigious Aerospace Technical
Institute near Sio Paulo. Born in China, raised in Brazil,
educated in the U.S. “When I was only 24,” Lee says, "I
was sent to the U.S. to debug and officially approve the

software for the Landsat satellite surveys devised by Ben- .

dix Aerospace.” Lee later worked eight years with Digital
Equipment’s Brazilian subsidiary.

Like Microtec’s Elias, Lee had learned most of what he
knew from the Americans. In teaching this pair—and tens
of thousands like them--1J.S, industry and the U.S. acade-
mies created potential competitors who knew most of
what the Americans had painfully and expensively
learned. Theft? No. Technology transfer? Yes.

In Brazil over the past few years, the Syrian-born, U.S.-
educated Elias played cat-and-mouse with lawyers repre-
senting IBM and Microsoft over complaints that Microtec
and other Brazilian personal computer makers have been
plagiarizing IBM’s BIOS microcode and Microsoft's
MS-DOS operational software used in the IBM PC. The
case was settled out of court. Brazilian manufacturers
claimed their products are different enough from the origi-
nal to withstand accusations of copyright theft.

Where theft and copying are not directly involved in the
process of technology transfer, developing countries find
ways to get U.S. technology on terms that suit them. They
get it cheaply. Before President José Sarney departed for his

September visit to Washington, the Brazilian government .

tried to ease diplomatic tensions by announcing approval
of IBM's plans to expand the product line of its assembly/
test plant near Sio Paulo. IBM will invest $70 million to
develop Brazilian capacity for producing the 5-gigabyte
3380 head disk assembly (HDA).

Ah, but there is a tradeoff invoived in the seeming
concession by the Brazilians, The tradeoff is that IBM’s
expansion will greatly improve the technical capabilities
of local parts suppliers to make a wider range of more
sophisticated products. About a third of the key compo-
nents in IBM’s HDA catalog will be imported, but Brazil-
ian suppliers will get help in providing the rest, some
involving fairly advanced technologies.

But does what happens in Brazil matter all that much?
Brazil, after all, is a relatively poor country and accounts

. for a mere $3 billion in the 1J.S.’ $160 billion negative
trade balance. Brazil matters very much. For one thing,

ils
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what happens there happens in similar ways in other
developing countries—and some developed ones as well.
Brazil, moreover, is fast adapting to the computer age. The
Brazilian computer industry employs over 100,000 people.
It includes everything from the gray marker of Sio Paulo’s
Boca de Lixo district to the highly profitable overseas
subsidiaries of IBM and Unisys. Both subsidiaries have
been operating in Brazil for more than six decades and, for
the time being, have been profiting from Brazil’s closed-
market policies. It includes many manufacturer/as-
semblers of micro- and minicomputers and of peripherals.
Companies also are appearing that supply such parts as
step motors for printers and disk drives, encoders, multi-
layer circuit boards, high-resoclution monitors, plotters and
digitizers. The Brazilian market is bristling with new
computer publications: two weekly newspapers, tent maga-
zines and special sections of daily newspapezrs,

Brazil is only a few years into the computer age. Its per
capita consumption of microchips works out to only about
$1.40 per capita among its 140 million inhabitants, vs.
$100 in Japar, $43 in the U.S. and about $6 in South Korea.
But given the potential size of the market and Brazil’s
rapid industrialization, it could one day absorb more per-
sonal computers than France or West Germany.

The point is simply this: In their natural zeal to make
Brazil a modemn nation rather than a drawer of water and
hewer of wood, its leaders are determined to develop high-
technology industry, whether they must beg, borrow or
steal the means. Failing to develop high-technology indus-
try would be to court disaster in a country where millions
2o hungry. But in doing what they must, the leaders of
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Brazil and other developing countries rmun strongly counter
to the economic interests of the U.S. _

Because of these nationalistic policies, foreign-owned
firms are banned from competing in Brazil’s personal com-
puter and minicomputer mazket, Brazil’s computer indus-
try is not high tech, if that means being near the cutting

edge of worldwide technological advance. But it does show

the ability of Brazilian businessmen and technicians to
shop for and absorb standard technology, without paying
development costs. In computers, where knowledge is the
most expensive component, it becomes cheap to manufac-

“ture if you get the knowledge free or almost free. The U.S.

develops, Brazil copies and applies. There are perhaps a
dozen Brazils today. ) :

“We're a late entry and can pick the best technology,”
says Ronald Leal, 36, co-owner of Comicro, a CAD/
CAM equipment and consulting firm. ““We don‘t waste
meney on things that don’t work. In 1983 we saw a market
here for CAD/CAM done with microcomputers. We
shopped around the States and made a deal with T&W
Systems, a $10 million California company that has 18%
of the U.S. micro CAD/CAM market. T&W helped us 2
lot. We sent people to train and they came to teach us.”

Comicro learned fast. Says, Leal: “We developed new
software applications that we're now exporting to T&AW.”

Brazil exporting computer designs to the 11.5.7 Only five
years after [BM began creating a mass market for the
personal computer, the U.S. home market is being invaded
by foreign products—of which Comicro’s are only a tiny
part. Technological secrets scarcely exist today. .

Aren’t the Brazilians and the others simply doing what
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the U.S. did a century and a half ago—protecting its infant
industries?

If that were all, the situation might not be so serious for
the U.S. But pick up any U.S. newspaper these days and
count the advertisements for Asian-made personal com-
puters claiming to be the equivalent of the IBM PC but
selling at maybe two-thirds of IBM’s price.

According to Dataquest, a market research firm, Asian
suppliers will produce nearly 4.5 million personal comput-
ers this year. At that rate, they should capture one-third of
the world market by next year. Taiwan now is exporting
60,000 personal computer motherboards and systems
monthly, 90% of which are [BM-compatible. Of these,
70% go to the U.S. and most of the rest to Europe. Korea,
Hong Kong and Singapore together ship another 20,000
each month.

Dataquest says it takes only three weeks after a new
U.S.-made product is introduced before it is copied, manu-
factured and shipped back to the U.S. from Asia.

Thus the U.S. bears the development costs while for-
eigners try to cream off the market before the development
costs can be recouped. That is the big danger. The days
when a person could be executed for industrial espionage
are gone.

. President Reagan recently warned that the U.S. is being

victimized by the international theft of American creativ-
ity. Too many countries turn a blind eye when their
citizens violate patent and copyright laws. In 1985-86 U.S.
diplomats successfully pressured Korea, Singapore, Malay-
sia, Taiwan, Hong Kong and Thailand to pass or at least to
draft legislation enforcing patents and copyrights more
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strictly. Brazil is a major holdout '

The difficulties between Brazil and the U.S. over com-
puters crystallized in the 1984 Informatica law, which
Brazil's Congress passed overwhelmingly near the end of
two decades of military rule. The law, in effect, legalizes
stealing—so long as the victims are U.S, technolugy ex-
porters. Complains the head of a leading multinational
whose business has been curtailed under the new law:

“They want our technology but want to kill our opera- -

tions. This whole show is sponsored by a handtul of sharp.
businessmen with connections in Brasilia who are making
piles of money from their nationalism.”

The new law formally reserved the Brazilian micro- and
minicomputer market for wholly owned Brazilian firms. It

allowed wholly owned subsidiaries of foreign companies— .
IBM and Unisys—to continue importing, assembling and "

selling mainframes, but not out of any sense of faimess. It
was simply that Brazilian companies were unable to take
over that end of the business.

Under the [aw, joint ventures with foreign firms were

allowed only if Brazilians owned 70% of the stock and had

“technological control” and “decision control.”
The main instruments for implementing this pohcy

. were tax incentives and licensing of imports of foreign
hardware and knowhow, all to be approved by the secretar- -

iat of informatiom science (SEI).

In 1981 Brazil's then-military government decreed that
SEI would control the computer and semiconductor indus-
tries and imports of any and all eqmpment containing
chips. The implications are especially ominous for U.S.
interests: Brazil’s SEI is modeled, quite openly, on Japan’s

ne
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notorious Ministry of Internation-

al Trade & Industry {MITI}. Bra-
zil’s computer policy today fol-
lows the line of a mid-Fifties re-

Where the chips fall

what they please.
U.S. Customs has responded to
manufacturers’ complaints by

port by MITIs  Research
Committee on the Computer.

In the 1950s and 19603 MITI
used Japan's tight foreign ex-
change controls to ward off what
its nationalist superbureaucrat of
the day, Shigeru Sahashi, called

No matter how you slice it, per capita
or by dollar volume, mast of the
world’s semiconductors go to the U.S.,
Japan and Europe. Don’t he misled,
though. The smaller markets matter,
especially to the governments that
work so0 hard to protect them.

border. But the Taiwanese now

they can easily afford to license
technology thar they have already
copied. The Koreans are more
scrupulous, but pirated technol-

“the invasion of American capi-
tal.”” In long and bitter negotia-

Semiconductor consumption (sbillions}

ogy not reexported to the U.S. is
very hard to control,

tions in the late Fifties, Sahashi

$1 2348 6 789 1001213

More than three years ago Edson

told IBM executives: “We will . japen
take every measure to obstruct the UsS.
success of your business unless Europe
you license IBM patents to Japa- Korea
nese firms and charge them no Brazil
more than 5% royalty.” In the end, India

de Castro, president of Data Gen-
eral, told a Commerce Depart-
ment panel that foreign nations’
computer policies “threaten the
structure and future of the U.S.

IBM agreed to sell its patents and Mezico
accept MITI's administrative guid-

Dollags per capita consumption

plained why: “U.S. computer com-
panies are reliant on international

ance on how many computers it
could market in Japan. How many

$1020 30 4F 30 60 78 B0 % 1IN

business and derive a substantial
portion of revenues from exports.

Japanese products would be sold in
the U.S. today if this country had
imposed similar demands on the
Japanese?

Some U.S. economists are de-
scribing the result of the Japanese

FELIf®

Because of the rapid pace of tech-
nological development, the indus-
try is capital intensive. Growth
and development rely heavily on
an expanding revenue base. This
can only come from full participa-

policy as the “home market ef-
fect.” They mean that protection-
ism in the home market tends to,
create an-export capability at¢ low

tion in established and developing

global markets. Reliance upon do-

mestic markets is not enough.”
Yet after resisting the Brazilian

marginal cost.

“Home market protection by one country sharply raises
its firms’ market share abroad,”” says MIT's Paul Krugman,
reporting the resuits of computer simulations of interna-
tional competition in high technology. “Perhaps even
more surprising, this export success is not purchased at the
expense of domestic consumers. Home market protection
lowers the price at home while raising it abroad.”

Brazil surely has similar intentions. IBM and other U.S.
computer companies are transferring technology to Brazil
as never before, .

The Brazilians may have grasped a reality that the U.S.
has been unabie politically to address: that while there is
no way to check the fiast dissemination of technology
today, the real prize in the world economy is a large and
viable national market—a market big enough to support
economies of scale and economies of specialization. In
short, while a country can ne longer protect its technology
effectively, it can still put a price on access to its market.
As owner of the world's largest and most versatile market,
the U.S. has unused power. _

Taiwan, Korea, Hong Kong and Singapore, lacking large
internal markets, could develop only because they had
ecasy and cheap access to the rich U.S. market.

Why doesn't the U.S. reciprocate?! The Reagan Adminis-
tration has threatened to restrict imports of Brazilian
exports. to the U.S. by Dec. 31 if Brazil doesn’t 1} protect
software with new copyright legislation, 2) ailow more
joint ventures with foreign firms, and 3} publish explicit
rules curtailing SEI’s arbitrary behavior.

But the Brazilians are hardly trembling in their boots.
Brazilian officials hint that if Brazilian exports to the U.S.
are curbed, Brazil won’t be able to eam enough dollars to
service its crushing external debt. Diplomats of both coun-

tries want to avoid a showdown, so they keep talking. And .
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. government’s demands for a de-
cade, de Castro’s Data General is selling technology for its
Eclipse supermini to Cobra, the ailing government com-
puter company. Other U.S. computer manufacturers are
following suit, '

Hewlett-Packard, in Brazil since 1967 with a wholly
owned subsidiary to import and service the company’s
products, has just shifted its business into partnership
with Iochpe, a Brazilian industrial and finance group. A
new firm, Tesis, 100% Brazilian-owned, will make HP
calculators and minicomputers under its own brand name.

“Only a few years ago HP refused to enter joint ventures,
but now we have ones going in Mexico, China, Brazil and

Korea,” says 2 company executive. “In the past we felc,

since we owned the technology, why share the profits?
Then we found we couldn’t get into those foreign markets
any other way."” _

Harvard Professor Emeritus Raymond Vernon, a veteran
analyst of international business, says of world technology
markets: “Except for highly monopolistic situations, the
buyer has a big advantage over the seller. Countries like
Brazil and India can control the flow of technology across
their borders and then systematically gain by buying tech-
nology cheaply.”

Vemon draws an ominous parallel: “A century ago the
multinationals were in plantation agriculture and electric
power. Now they’re all gone because their technology and
management skills were absorbed by local peoples. The
same thing is happening in other fields today, including
computers.” '

This is why it makes little difference whether the dollar
is cheap or dear. In this mighty clash between nationalism
and free trade, nationalism seems to be winning. Where
does this leave the U.S. dream of becoming high-technol-
ogy supplier to the world? Rudely shactered. &
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while they talk, the Braziliang do

stopping pirated products at the * -
have such cost advantages that:

computer industry.” De Castroex-
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over thrée-gualiers of ths .e:znuon Sel&.

‘| half the motor cars and & quarier of the

steet used around the world. Yet. a mere
two decades iater. Jupan had tahksn
America’s place as the dominant suppiier
of such products.

The agony for Amenzans doss noi end
| there. Over the pas: 2% yzare tney have
seen; '

0 Thelr share of world trade fall from
%o in 1960 t0 14% ir. 1985,

O The American trade balance go from a

surplus of $3 billion 1n 1960 to a deficit of

$150 biilion jast vear.

® More worrvingly still. the countn's

trade balance in manufactured goods shp

from a healthy surplus of $11 billion as

recently as 1981 to a deficit of $32 billion

lust vear-—approachmg 1% of Ameérica’s .

total outpus.

® The volume of its manufactyring ex-

Clash of the titans

After steel, motor cars, consumer electronics and cheap micro-
chins, Japan has begun to challenge American pre-eminence in,

the one industrial area the United States has long cherished as
its own: high technology The two are girding up for a trade war in
high-tech that threatens to be bloodier than anything yet.

Nicholas Valéry reports on the strengths and weaknesses of the

two technolog:cai superpowers

The recent moue *Gung Ho getsalot of-
jaughs out of the many misunderstand--

ings that ensue when a Japanese car firm
moves into a sad lirtle town in Pennsyi-
vania. Stereotvpes abound: dedicated
Japanese managers putting in double
shifts. lazy American Joudmouths slowing
down the assembly line—with the lucals

winning a baseball maich between the | fh?bgnpw worner relative to
| .
two sides only through bru(e force and | Unded Statess 100 United
intimtdation. i 100} States
All good clean fun. In real hfe howev- - | I "':'?"'
er. A:jncncan workers—despite the popu- | . G:r:m
lar myth—remain the most productive.in '] s}

the world (see the feature on the next
page). In terms of real gross domestic

product (GDP) generated per employed .

person, the United States outstrips all
major industrial countries. Japan includ-
ed (chart'1). The problem for Americans
is ihat the rest of the world has been
catching up. In the decade from the first
0il shock to 1983, increases in annual
productivity in the United Srates had
been roughly a seventh of those of its
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ma;or trading puariners.

In the 1960s. American companies hefd
all the technological high cards and domi-
nated the world's markets for manufac~
tured goods. The United States supplied

Staying ahead...

ports tumbie 32% over the past five
vears—with every $] billion of exports
fost costing an estimated 25 000’ Amen-
can jobs.

-Angry and confused, busmessmen in
the United 3tates have had 10 stand by
and warch as “smokestack™ industry all
around them has been snuffed out. Then
came the unthinkable: if the Japanese
couid thrash them in mainstream manu- -
facturing. would they give thema maulmg
in high technoiogy. f0o? .

By the beginning of the 1980s, it began

- to look as if they- would. It became clear
that the Ministry of International Trade
and Industry-(M1T1} in Tokyo had “target-

" ed” not just semiconductors and comput~
ers but all of America’s high technology
industries—{rom aerospace to synthetic
materials~-for a blitzkrieg artack.

Six years on. Japan has scored some

_.butfalling behind . O]
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Amencans uorh even bit as hard -as
fanc often a lot nar c:-— tnarmmsh: Japa-
nese—and  generats nrcncn:onateh
MOre Weallh IT the Process. Tt avarage
OUIpU: O AMSNCan WwOrker: iast vear
was 5'36'.800‘ The Japanese eguivalent
was $I2.500 (a: an average 1985 ex-
chdnee rate of Y220 o the doliarl.

But labour productiviry 1s onlv haif the
stor:. The amoun: &7 capital appiieato a
workes's elhow i cruca:. toc. The tradi-
ttona: defimnon ol progusiviy foutput

per hour of aii worsers) makes 1t difficult
¢ measurs ihese inpute  senarately.
True. the definiton rafiects ali ins fac
-tors that conrribute to nsing output—
from advances in technoiogy. better
u-ll'S&thﬂ of Cd'Mn.h‘ uSerovements in
the way producton is orpanised and
sharper management. to haraer efforts
by tne workers themselves as well as the
impact of changes in the amount of
capital employed.

1n 1983, the American Bureau of La-
bour Statistics introduced a yardstick
called multifactor productvity. This
shows the changes in the amounr of
capital as well as labour used in produc-

tohuebow

rion. Reworking its data for 1930-£3, the

bitreau found that muwiifactor productiv-

ity n the Unped Staies mereased at an

average annuai vate of 1.7% ior the
penog. As ouiput per hour over the
same period increased by an annual
2.5%. capnai proguctiviry inched up by
oniyv a moadest {.8% a vear.

Overall. America’s multifactor pro-
duzuvity has shown rwo distinct trends
over tg past 23 vears, Ur till the first oil
shock o 1672, tne céuntny expenenced
an annual 2% muitifactor s:rowth then
an an‘:ua. average of only 0.1% from
1973 tc 1981, The post-OPET siowdown
seems 1 have resuited from high interest
rates keeping the brakes on capital
spending. whiie morz peopie were hav<
ing 1o work ionger hours to hang on to
ther jobs. -

How did the Japanese fare? The driv-
ing force behind the Japanese economy
over the past 23 vears has been the high
growth in capitai input. Mr Dale Jorgen-
son and his colieagues at Harvard Uni-

* versity reckon it has been roughiv double
that in the United States. Growth rates
in iabour productivity have been much

" bear ruaning a1 an average of 3% & vear,

- productiviry pav-off from the 580 hiliion

. billion invested by the airlines since

t
tne same for the rwo countnss. Al 10id, ;
ine growih In japanese proguctnviny oyt-
stiipped that 1o the United Staies unt]
1970, when proguziiviry growth began o
slow dramatically in Japan. Thereafter,
with Vietnam belunz it and two oif
shocks anead. the Amerncan =conomy
flexed its muscies and cuped more effee-
tively. Then the competitive advantage
started o move back in Americas
favour.

The interssting thing is what has hap- -
pened since the last recession. Multifac-
1or produstiviny in the United S:ates has

whiie the gromh in labour prouuctm:y is
now averacing nearly 3% a vear. That
means that pruducrmn of capital em-
ployed is now growing at well over 6% a
vear.

Could this be the first SIgns of the

that Dertroit spent on new plant and
equipment over the past half dozen
vears; the combined” (additional) $180

deregulation, telecommunications firms
since the AT&T consent decree and the
Pentagon since President Reagan’s de-
fence build-up began in 1980" 1t Jooks
remarkabiyi eil. ’

. et EEAS

-

notable hits. A group of American econo-
mists and engineers met for three days at
Stanford University. California, last vear
to assess the dumage®. Thev concluded
that Japanese manufacturers were al-
ready ahead in consumer electronics. ad-
vanced materiais and robotics, and were
emerging s America’s fiercest compéti-
tors in such lucrative areas as computers,
telecommunications. home and office
automation, biotechnology and medical
instruments. “In other areas in which
Americans still holid the lead. such as
semiconductors and  oproelectronics,
American companjes are hearing the
footsteps of the Japapese™. commented
the Stanford economist Mr Daniel
Okimoto,

How loud will those footsteps become?
American industry may have been deafin
the past, but it certainly isn't any more.
And never forget that Americans are a
proud and energetic people. More to the
point, they are prone to periodic houts of
honest self-reflection—as if, throughout
their two centuries of nationhood, they
have been impelled forward by a “"kick up
the backside™ theory of history.

Once every couple of decades, Ameri-
ca has received a short and painful blow

to its self-esteem; Pearl Harbour, Sput- -

*Symposium on Economics and Technolo
held at Stanford University, March 17-19 1985.
Now pubhiished as “The Positive Sum Strategy:
Harnessing  Technology for  Economic
Growth™ by National Academy Press, Wash-
ington. DC.

high-tech?

nik. Vietnam are recent examples. What

follows then is usuaily a brief and heart-
searching debate along-with 2 detailed
anajvsis of the probiem, then an awesome

display of industrial muscle coupled with

unexpected consensus between old adver-

saries—most notably betWeen Congress,

business and labour. -. . :
With its ceaseless shipmems of cam-
eras, cars, television sets. video record-
ers, photocopiers, computers and micro-
chips, Japan unwittingly supplied the
latest kick up the broad American but-

tocks. After witnessing Japanese export-

ers almost single-handedly reduce Pitts-
burgh's steel industry to a smouldering
heap, drive Detroit into a ditch. butcher
some of the weaker commodity microchip
makers of Silicon Valley, and threaten
America’s remaining bastions of techne-
logical clout—aircraft and computers—
ther, and ﬁnally then, American lcthargy
ceased

This survey ‘tries to assess the strengths

and wcaknesscs of the world's two tech- :

nological superpowers. For if the past
decade has seen some of the ugliest
recrimination between Washington and
Tokyo over trade issues generally, imag-
ine what the coming decade must have in
store. Henceforth, industrial competition

between America and Japan is going to-

range fiercely along the high-tech fron-

" tier—where both countries take a special

pride in their industrial skills and cherish
sacred beliefs about their innate
abilities. - :

The question that umma!ely has to be
answered is whether America is going lo
allow the Japanese to carry on nibbling
away at its industrial base without let,
hindrance or concession? Or are the
Americans (as some bystanders have be-
gun 1o suspect) “‘about to take the Japa-
nese apart™?

With the gloves now off. which of the
two technological heavyweights shouid
one put some money on? In the blue

corner, Yankee. ingenuity? In the red,

Japancse producuon savvy?

Copycat turns leader?.

Is Japan still a technological free- Ioader—or has it become a pacesetter m

America may still have the largest share
of high technology exports, but Japan is
catching up fast. It skipped smartly past
West Germany to become the second
largest supplier of high-tech goods in 1980

Sy g A ayae —

(chan'i" on next page). Only in three-

high-tech  industries—communications
and electronics, office automation. and
ordnance—have American companies in-
creased their market share.
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Saurce US Deoarimant ! Sommercs

The lapanese know thev do riot have 2
chance in fields that are either defence-
related (for example. weapons. aircraft,
satellites and avionics) or 100 dependent
on imported energy or raw matetials (like
petrochemicals). But they see evervihing
else as up for grabs. Even in lasers,
software and computer-integrated engi-
neering-—where Amerncan pre-eminence
was long thought unassailable—the Japa-
nese have begun 1o make inroads.

Who would have thought it possible a
decade zgo? Of the 500 breakthroughs in
technology considered semina; during the
o decades between 1933 and 1973, onlv
5% (some 34 inventions) were made in
Japan compared with 63% (315 inven-,
tions) in the United States. Despite its
large, well-educated population. Japan
has won only four Nobel prizes in science:
American researchers have won 158, It is
not hard 10 see’ why Japan has been
considered more an imitator than
innovator. :

Stanford University's Mr Daniel Oki-
moto lists half a dozen reasons for Jupan's

" lack of technological onginality in the

past:
® As an industrial latecomer,
ways been trying to catch up.
® The Japanese tendency towards group
conformity has made it difficult to win a
hearing at home for radical ideas.
® Research in Japanese universities is
bureaucratic. starved of cash and domi-
nated by old men.
¢ The \enture-cdpltdl market is almost
non-existent.
e Lifetime employment. along with a
rigid seniority system, stifles inpovation
inside mduslry
® And the traditional heavy gearing
{high debt-to-equity ratio) of much of
Japanese industry has made firms think
twice abour taking risks.

All these things—and more—have
been true to some extent in the past: but
all ure also chunging. The deregulation of

it has al-
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Toxkve's finznciai market. forinsiance. 1
forcing Jepapase companies o reduce
their jeveis of debl (se¢ accompunving
feature on nex: pagel). This, i wrn. 1s
making them more adsy2nturous. while a!
the same ume heing ferment a pumosr
of venture-caprial funds,

Japan’s “1nvisible™ baiance of techno-
logical trade (i receipts compared with
pavments for palent rovalties. licences.
etc) which had a ratio of 1:47 2 couple of
decudss gl Came within & whisher of

c1ng in vaiance lasi vear.
Jupan still buve s hign-tech goods and
knowhow predominantiy in the West and
selis them muinly to the de\esopmz
worid.

In cerain industries. however, Japa-
nese manuiacturers have aiready siarted
bumping their heuds ugainst the ceiling of

current knowhow. There are no more

high-tech secrets to be garnered from
abroad in fibre optics for telecommunica-
tions, gallium arsenide memory chips for
superfast computers, numerically-con-
trolied machine 1ools and robots. and
computer disk-drives. printers and mag-
netic storage media. In all these, Japan
now leads the world. Today. Japanese-
language word processors represent the
cutting edge of high-tech in Japan—tak-
ing over the technological (but hardly
export-leading) role that colour television

* played earher(chdn 3).
Although it is' no longer quite the -

techncloglcal free-loader it was in the
past. is Japan's new reputation as a pace-
setter in high-tech justified? A new image
has certainly emerged over the past few
vears of Japan as an invincible Gaoliath,
capable of vanquishing any rival, what-

ever the field. Yesterday. the smokestack

Trat said..

HIGH TE HNOLOGY S.vEvs

Japan moves on e
: e ATUR PTOWTT: 7SI
b0 w8 100 152 2%
1 % Tonuwoe radios Porasier - * <

& P Sierec sens . ®Ca0w Tvs

T

e Microwave @Backh whity- 5.
; _3 wm . Tvs . .
g = - -
|s20F Yontarday's .— . V. -
15 Pugh-tech® IOEIACE . !
X i
Hzach : " comouers 80t} |,
Ir; . _" WPrintars r
L EDR . Comzazt @ Doy ok
ARl isc pravers ‘
LS
L Today's Semconauctar @
|, 50l tigherectey o ass @ '
n.> ~ Janaouse-language
Wi WOID (FOCes30re
! \60;- v - L
i Averegat or $10ut-vEar DI 0TS BRer firsy ASORAANGE ]
:

©° DrSchCT - TW- TSI 1o e 130087 * foy: veaa 13B2-8S |

SOurcl Milludedly Gim

sectors. Today, high technolugy. Tomor-

row, services. .. “Which is the ‘real’

Japan?” asks Mr Okimoto:
Is it a technological imitator and indusrrial
over-achiever? Or is Japan an astuie jcarner
and unbeatable colossus? Wil Japan dis-
lodge the United States {rom its current
position of dominance in high technology as
convincingly as it did in the smokestack
sectors? Or has it reached the limits of its
phenomenal postwar growth"

Japan is all these thmns and more. And to
understand what the future holds, and
whether America is up against a David or
a Goliath, means looking closely at the
frontiers of modern electronics. For the
country that commands the three most
crucial technologies of all—semiconduc-
tors, computing and communications—
will most assuredly command the mighti-
est industrial bandwagon of the twenty- ’
first cemury

Made in the USA

Just as Japan has begun to muscle into nigh-tech, America has raised the '
technological stakes. The name of the game now is ultra-tech -

High technology is an American inven-
tion. Despite the near melidown at Three
Mile Island, broken helicopiers in the
Iranian desert and recent disasters on the
launch pad, Americans remain the su-
preme practitioners of this demanding
and arcane art. And while the United
States has racked up large deficits on its
international trading account, it has en-
joyed growing surpluses in its worldwide
sales of high-tech goods. Or, rather, it did
so until recently. Once again, blame the
Japanese.

Five years ago, Amenca so!d the world
$23.6 billion more technological widgets
than it bought. That handy surplus had
dwindled. says America’s Depanment of
Commerce. 10 4 token §35 billion by 1984
(chart 7 on later page). Meunwhile, for-

eigners had grabbed threc-quarters of the
world's current $300 billion in high-tech
trade. In the process, Japan has gone
from being a small-time tinkerer in the
1960s to becoming (as in everything else)
the Avis of high technology to America’s
Hertz. : '
Even so, trade in h:gh-technology
goods remains a crucial breadwinner for
the United States. Since the mid-1960s,
high-tech’s share of American manufac-
tured goods sold around the world has -
gone from a little over a quarter to close
toahalfs. . . e ieat
Office automation is now Amcncas
most competitive high-tech industry as
well as its biggest revenue-carner abroad.
Selling its trading partners computers,
copiers and word precessors brought in
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One thing Am-rluans havemtearned is
that having the worid’s most productive
labour force goss not guarantes Ingustri-

. -al competitiveness. At least three other i
things are needed. The first is 10 keep a
lid on wages. The second concerns ex-
~Change_rates. The third involves the
return on capita! empioved. All three
have Dezap seen iafely u spanners in the
American works.

Take wages. Dunng the twen vears
before 1973, real wages for American
workers had increasea sieadilt at an

*‘average rate of 2.6% a year. But ever
since the first oil shock. real wages in the
United States have siagnated. So Ameri-
can labour is becoming more compeu-
tive. ves?

Unfortunately no. When iringe bene-

~ fits are included. hourly compensation

States has continued to rise. American

tion for American industrial workers—a
modest $6.30 an hour in 1975—had
-climbed to $9.80 an hour by 1980 and 10
$12:40 by 1983,

Compared with Japan. hourly labour
costs in America went from being on
average a little over $3 more expensive
in 1975 1o becoming nearly 36 more so by
1983 (chart 4). So much for narrowing
the $1.900 gap between making s motor
car in Nagova compared with Detroit.

Ah. ves, but hasn't the dollar tumbled
dramatically? It has indeed—froma 1985
high of over Y260 to the dollar to a low
this year of Y130 or so. In trade-weight-
ed terms, that represents a drop for the
dollar of 28% in 13 months. Meanwhile.
the trade-weighted value of the ven has
appreciated by over 4(4%.

What about diffsrences between
America and Japan in terms of return on
capital? Here things are actually better
than most American businessmen imag-
ine. True. real rates of return earned by
American manufacturing assets in the

_[& Hourly earnings of workers
- inmanufacturing indusiries
ngiuaing tnnge benaetits

a1
S pet hr

1978 R+
[ a0

B 988

Y owiynd Yk

PORNG: T Aankd A T

Unined
Starey
Saurce US Desariment of Laoow. Bureau of Labour Matists., 18084

W Germany France

T from 13%

for blue-collar workers in the United |

"labour has sensibly been taking raises
less in cash than kind. Total compensa- -

1960< uere subsiantialis higher than in-

-+ vestments ir finansal tnsiruments, while

thincc were priefiy the other way round
during the early 198(% 1chan 6;. On the
ace of it. capital for buving equipment
“or bu:idmz factories seems Twice as ex-
pensive in America as in Japan.

from Mr Geo':i Hatsonouies of Thermo
Eteerron Comporanoer i Massachuserts.
Compuring the cost of (nom-financial)
capual in the ™wo couniries berween 1961
and 1983. Mr Hatsopouios found real
pre-tax rates rangec between 6% and
..10% ior Japanese firms and anything
to 2(t% for their American
cOuNTErTars.

The COT\“H‘!IG?xdl explanation for this
difference 1c that Japanese firms are

~“‘more highlv geared (leveraged) and thus

benefii because debt generally cdsts less
" than equitv—interest payments being

deducted from pre-tax profits. while div-

idends come out of taxed earnings.

Then there is Japan's
rate struciure. which is carefully regulat-
ed to favour business debt at the expense
of consumer credit. Throw in a banking
sVslem 1hat is hursting at the seams with
ven being squirrelled away by house-
wives worried about school fees. rainy
days anc the ever-present threat of their
husband’s early {and often unpensioned)
retirement. All of which. say American
trade officials. adds up to a financial
advaniage that makes it tough for Amer-
ican firms 1o compete. .

What is studiously ignored in the fi-

nancial folklore about Japan Inc is the.

fact that. over the pasi decade. Jupanese
manufacturers have been getting out of
debt as fast as decently possible (se¢ the
survey on corporate finance in The
Economist. June 7 1986). The most com-
pelling reason right now is because To-
kyo's financial markets have joined the
fashionable trend 1owards liberalisation.
With old controls over the movement of
capital going out of the window. Japa-

Es tfade-weighled exchange rate
- 1980-32%100

L VIV
1965 70

Source DRt

.Ir:..

75

~ Crying all the way to the bank

A

. “Todav’s most cited account comes’

fwo-tier interest

ing are the so-called “compensating bal-

nese jnterast rates are decrmed to be-"‘

come more volatiie. S who wants to be

highiv geared when ;nieresz rates are

nsing  or  {wWorse) scoming less

predictabie? T

B  ynited S:ates: 28
raal rate of raturn of %
mangtaciurng sasetd 2=
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Another thing Japanese manufactur-
ers resent ahout some of these allegediy
cheap industrial loans are the strings and
hidden costs involved. The most punish-

ances” which a borrower has to deposit
(at a considerably lower interest rate)
with the bank offering the indusirial
loan. And so he has to borrow more
money—at higher cost and with greater
restrictions—than he actuaily needs.

Yet another thing that muddies the
water is the way debt in Japanese bal-
ance sheets is grossly overstated by west-
ern standards. For one thing, the com-
pensating balances. though they are
actuaily deposits, are recorded as bor-
rowings. Then there is the habit Jupa-
nese companies have of doing much of
their business on cradit. especially with
suppliers and subsidiaries. This makes
their accounts pavable and receivable
fooh huge—in fact. twice as large as in
Amarica. )

Other faciors inflating debt among at
least the bigger Japanese companies are
things like non-iaxable reserves for spe-
cial contingencies and (if they pay them)
pensions, The last time figures were
collected in lapan (in 1981}. emplovees
in large corporations with established
retirement plans were divvving up 15-
20% of their companies’ capital through
their pension contributions. All of which
showed up in their corporate accounts as
debt. -

All that said. Japanese companies are
on balance more highly geared than
American corporauons. and. overall,
the cost of financing industry has been
tower in.Japan than in the United States.
Bur at most only 20" jower. and pothing
like the 30% lower claimed by lobbyists
in America,

W S g g - -
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Technoiogy's top ten

How high is the high in.highwech? Diffi-
culr t0 sav. Mosi economists a7 teast
agree tnat hmn 1eCADOINEY Drodusts em-
boa\ ar Tapove ave az" concenization
of scientific and engineening skills. As far
_as the Natonai Sxence Foungation in
Washington Is concerned. this means
dnvrhmz produccd by organisations em-

Thirs,

products manuiactures by large compa-

mies Tatnar than smal; fims.

Dezauss ne gate come of ne-

cassiny from broad industriai categorias, |
anomalies crop up—~likhe cuckoo clocks

being labelied nigh-tech because they fall

Table 1: Product range

withii the erghth-ranking grous. profes.
SIURas INSITUMEnts.

Fourtn, ana perhaps most damniag,
the Commerc: Dzpartment’s definition
is based on Swunqarc incustniai Ciassifi-
cation {SIC) codes—muny O wWhich hdve
been renaered irreievant by technologi- -
cal changes that have occurred since the
SiC codes were last overhauied in 1972,

RIS S L v .

pioylng 15 or mors sCignnsis anc engi-
neers p2r 1O empiovess and spending
over 3.5% of nat sai2s o R&D.

The Amernican Deparument of Com-.-. 2
merce is a bit more szientific. hts defini-
tion of high-tech is derived from input-
output analvses of the total R&D spent on
a spectrurn of individual products. Thus
an aircraft gets crednt for nat only the
R&D done in deveioping the airirame,
but also the relevan: contribution of the
avionics suppiier and even the tyre mak-
er. Using this definizion. high-tech indus-
try is a ranking of the ten most “re-
search-intensive™ sectors, where the
tenth has at least double the R&D intensi-
ty of manufacturing generally (table 1),

" A laudable effori. but not without 8
criticism. First, such 2 definition focuses
entirefy on products. ignoring the boom-
ing business in high-tech processes—
and, increasingly. high-tech services as
well. Second, it favours systems (that is.
collections of interdependent compo-

(A3

~No; - th LY

1 Missiies ang
Electromcs and
_ leiscoms

HIGH-TESH SECTOR

scacesraft

Aircraft and parts

Office automation

Drugs anc medicines
Inotganic chemicals

10 Piastics, rubber and
svnthetic fibres )

Ordnance and accessories

Proiessionai and scientific
instruments

8 Engines. turbines and parts

. airgraft engines, pars

Non-military arms, hunting and sporting =~ .-

EXAMPLES OF PRODUCTS

Rocwe: angines: saielines anz pars :
Teiepnone and-telegranh apoaratys. radio and v’ *
receming anc oroadzsas: eIwoment, leiecoms
equipment. sonar and other instruments, semi-
conauctors, laps recorders ~

Commarcial airzratt. ighters, bombers. helrconters.

Computers MPUI-OUTDU Q8vICeS, SiTrage oevices,
cesk catculalors, gupicaung fmacnines, paris

ammunition, blasting ana percussion caps
Vitamins, antibiolics. hormones, vaccines  ~
Nitrogen. sodium hydroxide, rare gases, = = .
inorgamic ogments. radioactive isolopes and
COMDOUNQGE. 5Déc:al nuciear materials

Industriai process controis. optical instruments

and ienses. navigationsal instrumants, medicat
instruments. shotographic sauipment ~
Generator sats, diesel engines, non-automotive
petrol angines. gas turbines, watar turbines
Various chemicals derived from condensation;
poiycondensation, polyaddition, polymerisation and
copolymerisation; synthetic resins and fibres

nenrts) over individual widgets. as well as

$20 billion in 1984. Along with aircraft,
electronics and professional instruments,
these “big four™ account for more than
three-quarters of the United States’ ex-
ports of high technology (1abie 2). De-
spite the popular myth, America exports
only modest amounts of missiles and
aerospace products. But fears that for-
eigners may eventually storm even the
high frontier of aerospace keep Washing-
ton officials awake at night.

Of the ten industrial sectors designated
high-tech (see feature above), America
has managed to increase its share of the
global market in only two: office automa-
tion and electronics, For which, it should
thank the likes of 18M, Hewlert-Packard,
Digital Equipment, Xerox, ITT, RCA,

Table 2: High-tech exports in 1984

. -, * oL T T T v
_ General Electric, Texas Instruments and

a host of brainy technological-based busi-
nesses scattered around the West Coast,
Rockies, Sunbelt, Mid-Atlantic and New
England

A common cry in Washmg!on is that

~ this “narrowing” of America’s high-tech

base is one of the most disturbing prob-
lems facing the United States today. Oth-
ers see this trend as more or less inevita-
ble—and perhaps even to be eficouraged.
Trade ministers in Western Europe, for
instance, only wish they had such *prob-
lems”; Japanese bureaucrats are doing ail
they can to create similar “problems”
back home.

The reason is simple. These so-called
“problems™ concern a focusing of all the

High-tech sector American exports - " Olhm exports®

‘Vaiue % of total - Value - % of total
Qftfice autormation $19.7bn 224 . $6.5bn 14.5
Electronics & lelecoms $14.4bn - 20. - .- $53.8bn - 294
Ajrcralt and parts - £13.5bn 20.7 v--7, . $154bn 8.4
Profess'l instruments $7.2bn 1ne .. . $27.00n 14.7
Plastics, rubber, et £4.4bn 67 . -~ - $26.5pn - 14.5
Inorganic chemicals $3.5bn 54 .. 3109bn 60 . .
Engines and lurbines 53.2bn 49. $10.7bn ~ 597 %
Drugs and medicines £2.7bn -4 $10.7bn 5.9 -
Missiles and spacecraft - $1.0bn 15 $0.6bn 0.3
Ordnance $0.8bn 1.3 $0.7bn 04

'O tut 14 Other Countnes (A0t rom Armerca] exporing high-iech gooas, France, west Gcrmany Japan ang Brtain sccourted

for frivequditers Of tia' race.
Sourzat US Secastrie of Socimeron,

e g

e

underlying technologies that have come
to drive the computing. office automation
and communications industries. All three
provide the tools for handling informa-
tion; and information-—its collation, stor-
age, processing, transmission and use
elsewhere-—will. quite literally, be the oil
of the twenty-first century (see the survey
‘on information technology in The Econo-
mist, July 12 1986).

All that noisy jostling going on right
now between the IBMs, Xeroxs and AT&Ts
of the corporate world is merely the

) " — High tachnology

H  emmm Manufacturing
L . Toriad \\-100
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maniactunTg. DroJuramen: and custom-
er suppors; dRIAg jorgac togetner BV ihelr
Jnaerhm« technologies into 2 single. ub
trg-iach  ACUNVITY  CalieC  IpiormEmon
sarvices. :

Yes. berond high-tech in ihe industnial
specirum lies ulira-tech—ioday a mere

mulsi-billionadoliar sinipimg of & business.
but ov tne vear 2K poientiaiiy 2 tnilion-
doliar leviatnan. As such. uitra-tech
alone wili come 10 dwarf all munufactur-
inc sectors before the century i+ out.
Amarica is weli on the way to making that
th:J.... A lap or two behind. Japan at
feast 1t getting up specd Europe is bdrci\
in the race.

Chips with everything

Gone are tne cays when American semiconductor firms short-sightedly soid -

their licences and knownow o Jaganese microchip makers -+ -

America's electronics firms havc main-
tained their giobal leadership in . all
oranches of thair business save one. They
kissed peodbye 10 consumar eiecironics
{teievisior. hi-fi. video recorders. e1ci as
customers across the country voled with
their pockets for shiny boxes with flashing
lights and labels like Panasonic. Technics,

JvCand Sonv.

- The American’ electronics industry
carne close to ailowing much the same to
happen in microchips. In 1982. Siiicon
Valley took a caning when the Japanese
started flooding the market with cheap
64k RAMs (random-access memory chips
capable of storing over 64.000 bits of
computer data}. Most beat a hasty retreat
up or out of the market.

From having a dozen mass producers of
dynamic-RAMs in 1980, only five Ameri-
can chip makers were still in the high-
volume memory business by 1983. Today,
there are effectively only two or three
with the capacity to produce the latest
generation of memory chips (1 megabit
RAMs) in anything like economic vol-
umes. Meanwhile, the six Japanese firms
that plunged into the memory-chip busi-
ness back in the early 1970s are still
around—and now have a 70% share of
the dynamic-RAM market in America.

Microchips have been the engine
powering Japan's drive into high-tech
generally. But before it could join the
microchip generation, }apan had to find
a way of disseminating this vital Ameri-
can lechnology throughout its fledgling
semiconductor _ industry. The trick

adopted was, first, to protect the home

market, and then. to bully abler firms
into joining government-sponsored re-
search schemes-—one run by the Japa-
nese telephone authority NTT and the
other by the Ministry of International
Trade and Industry—to develop the
knowhow for making their own very
large-scale integrated (VLSI) circuits.
Next, by “blessing" vLS1 as the wave of
the future and crucial to Japan's survival,
the government triggered a scramble
among the country's electronics firms
(encouraged by their long-term invests

THE ECONDMIST AUGLIST 23 1088

ment banks) to build vLsi plants. The net

result was massive over-capacity (first in
&4k RaMms and then in 236k versions),
anundan: Jocal supply for the domestic
consumer electronics makers and an im-
peliing urgency to export (or dump) sur-
plus mlcrochlp% abroad.

This targeting ploy had been tried be-
fore. Japanese manufacturers found it

worked moderately well with steel, much

better with motorcycles. better still with

consumer elecironics and best of all with:

semiconductors. The only requirement
was a steeply fulling “learning curve"
(that is, rapidly reducing unit costs as
production volume builds up and manu-
facturers learn how 1o squeeze waste out
of the process).

The trick was s:mpl\ to devise a for-

~ward-pricing strategy that allowed Japa-

nese manufacturers to capture all the new
growth that their below-cost pricing cre-
-ated in export markets, while underwrit.
ing the negative cashflow by cross-subsi-
dies and hmher prices back home.

The Americans finally lost their' pa-
tience when the Japanese tried to do a
repeat performance with pricier memory

-

—
—

_Street map for a microchip cireuit

HIGH TECHNOLOGY SU3viIv o

chips calied EprOMs. The pnce jell irom
£i7 cach when the Japanese Tirst emiered
the American marke: with their EPROM
chips early in 1955 to less 1han $4 six
months later. Intel. National Semicon-
ductor and Advanced Micre Devices

prompth flied a joim petinon. accusing

the japanese of dumping EPROMS ok the
American market at below their manuy-
facturing costs in Japan (then estimated
to be $6.30 apiece). The issue is currently
being used by Washington as a battering
ram to.breach the wall Japan has erected
around its own 38 biliion semiconductor
market back bome.

For America, this get-tough policy has
come only just in time. Japan now enjoys
a 27% share (to America’s 64%) of the
world's $42 billion semiconductor mar-
ket. And while cui-throat competition
may make memony chips a loss-ieader,
acguiring the technology for producing
RAMs has given Japan's microcircuit mak-
ers a leg-up in getting to grips with more
complex semiconductors used in comput-

er graphics, commumcatlons and video -

equipment. ‘ ~

So far, however, it has not helped
Japanese chip makers to loosen the stran-
glehold that American semiconductor
firms have on the lucrative microproces-
sor business. Where 256k RAMS have
become commodity products that sell
wholesale for $1 or so each. 32-bit micro-
processors from the likes of Motorola,
Intel, National Semiconductor, Texas In-
struments, AT&T and Zilog cost hundreds
of dollars apiece. Between them, these six
American chip makers controf 90% of the
world market for the latest generation of
microprocessors, leaving just 10% for the
rest of the American semiconductor m-
dustry, Europe and Japan.

Fonunatcly for the Amencans micro-

iy ——
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DrOCessors are no- iike mamon .."m:s
B°mr hiteraily a “compuisr-on-a- chip™.
.n"\ are \aqll\ more cornmex aﬂﬂ <annot
be designed in any rouune manner.
Sweat. insight and inspiration.are needed
every step ‘of the wav, And inev have 1o
be desngncd with tnewr sofrware appiica-
tions in mind. Americans have been do-
ing this longer. and are better at 1t lhan

.anyone else.

More to the point. American firms are
not parting with their pazsnis as readily as
they did in the past. Hitachi has heen

_ trying (with littie iuck) 10 persuade Mo-

torola to sell it a licence for making its
advanced 68020 microprocessor. Mean-
while, Japan's leading electronics firm,
NEC. is having to defend itself in the
American .courts for infringing one of
Intel's microprocessor patents.

With America’s new. stricter copyright

" laws making it difficult 10 imitate Amen- ’

Calculus of com

N

car designs. Japansse chir makers are
bewng shut outr of all the major markets
for mucroprocassors. Fujitsu. Marsusnita.
Matsubashi and Tosnibz are ali gambling

‘on 2 microprocessor design calied TRON

developed at the Universin of Tokvo.
But nobody. leas: of ali N2C or Hitachi,

* holds out much hope for the TRON design

winning 2 big enough share of the market
in its own right to be economic—at least,
not unti! the mid-1990s. And. by then,
Siticon Valiey wili have upped the lcchno-

logical stakes again. ,

Vmen, iate at night. the conversation
gets down to honne (brass tacks), even’
Japan’s ablest microchip wizards despair
at ever matching Silicon Valley's mix of
entrepreneurial and innovative flair. “Ja-
pan is powerful in oniv one sub-field of a
single application of semiconductors tied

_to a specific line of products”. bemoans

Mr Atsushi Asada of Sharp Corporatlon.

-

et

petltlon L

Aping 18w has given Japan's computer makers a toe-hold in the market—but

largely on Big Biue’ s terms S

America’s response to Japan's challenge:

. in microchips is being repeated in com-

puters. Here, Japan's specialty has been
making workalike copies of IBM's big
office machines (mainframes). The most
one can say about these *‘plug-compati-
bie™ computers is that they have managed
to prevent IBM from swamping the Japa-
nese home market completely. Big Blue
has to put up with being number two in
Japan. Overall, however, Japanese com-
patibles have had only a marginal impact

on the $150 billion computer business -

worldwide.

- American manufacturers have estab-
lished an almost impregnable position in
mainframes and minicomputers—the
stuff of corporate sales and accounting
departments. And in the push to put a
microcomputer on every desk, a handful
of American firms (IEM, Compaq. Apple,
Atari and Commodore) have been feed-
ing the market a feast of cleverer, faster
and (in many cases) cheaper machines
that have left Japan's “18Mulators” nib-
bling on the leftovers of yesterday's
lunch. In the personal-computer market,
the 1BM clone makers having the most
impact come mainly from Jow-cost South
Korea and Taiwan rather than Japan.

Meanwhile, in developing the pro-
grams that make computers tick, Ameri-
can software engineers have been every.
bit as clever as their chip-designing col-
leagues in Silicen Valley. In the process,
they have increased their share of the
world's software market (worth $40 bil-
lion a )ear) from under 65% a decade ago
to over 75% today.

s e

All this does not mean Japan's comput-

_er industry is a write-off. Its component

suppiiers have quietly established a signif-
icant position for themselves in the Unit-
ed States and elsewhere. In personal
computers, for instance, Japanese ma-
chines account for less than 2% of the 514
billion annual sales of PCs in America.

- But Japanese components and peripher-

als (chips, disk-drives, keyboards, moni-
tors, printers, etc) account for nearly 30%
of the market’s wholesale value.

Most of Japan's computer makers came
A cropper by riding a bit too blindly on
'IBM’s coat-tails. Lacking the home-grown
programming skills, Fujitsu, Hitachi and
Mitsubishi made their computers imitate
IBM's so they could sell cheaper versions

1C cusiomers who were aiready using [8M
machines eguipned with he necessary
software. That worked well untii the
slumbering giant woke up.

Then. in 167¢. [8M introduced its 4300

series computers ai a price that shook not
just mival Jspangse makers. but other

American suppiiers too. Since then, IBM's,

aggressive price-cutting and frequent
model changes have made iife tough for
the plug-compatibie trade.

Not only is [BM automating vigorously
(the compan\ 1s spending 15 billion over
" the next four vears to achieve lower

producuon cOSts than anyone in Asia), .. -

but it has aiso begun ﬂexmg its techno-
logical muscles. lis R&D expenditure is
now running at $3.5 billion a vear—more
than all other computer manufacturers
combined. Though for antitrus: reasons it
will never say so publicly. IBMis neverthe-
less determined 10 trampie the plug-com-

patible makers down—both in thé per-

sonal-computer end of the business as

" well as among its mainframe competitors.

One of the dodges being adopied is 10
incorporate more *‘microcode™ in its
computers' operating systems (the basic
progzams that manage a machine’s inter-
nal housekeeping and support the cus-
tomers’ applications software). Used as
an offensive weapon. microcode replaces
parts of the computer’s electrical circuit-

ry. making it possible 1o change the whole

character of a2 machine tong after it has
been installed at a customer's premises.
The implication is that 1BM can then sell
products ‘that can be continuously en-
hanced—somethmg customers appreciate
" and will pay a premium for.

Starting with its 3081 series in 1981, IBM
caught the competition off guard with a
new internal structure called xa {“ex-

tended architecture“) which allows cus-

tomers to update their machines with

packets of microcode whenever ta8M de--
crees the market needs a shake-up. This
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on ihe aziensive. i £ em to Jsvore
more 0F their deveiopmen: resouriss than
ey can aiford I¢ irying W& anticipate
v's next round of operating svsiem

cianges and to Yy to match tham with.

hurnedly er-zmccred modjiications to
their hardware. That imvoives digging
ever deeper into their profi: margins.

‘America’s other computer firms are

also pushing this trend towards replacing
hardware with software wnc'c\ er Dossi-
ble. Wriung and “debugging” tn¢ pro-
grams NOW accounts jo7 3(-8C°% of their
budgets for developing new computers.
Two reasons. then. why American com-
puter executives are srmhng
@ At a stroke. the trend towards zrcater
use of software heips nzutraiise the one
crear advantdge their Japanese competi-
ters have long possessed—upameiv, the
ability to manufacture weil-made me-
chanical components a1 a modest price.
® And it changes the business of manu-
factyring computers from being heavily
capital-intensive to becoming more brain-
intensive. The large pooi of experi¢enced
programmers and diverse software firms

in the United States puts the ad\antage_

firmly in American kands.

The Japanese response has been to
launch another government-sponsored
scheme, this time to heip the country’s
computer makers invent “intelligent™
machines for tomorrow. The ten-vear
fifth-generation project, based largely on
~dataflow" concepts pioneered at Mass-
achusetts Institute of Technology, will
have cost $450m by the time it is complet-
ed in 1992. The aim is to create computers
able to infer answers from rough informa-
lion presented to them visualiy or orally.
Even Japanese scientists working on the
project are not sure \»hether such goals
are realistie.

The Americans are not leaving any-
thing to chance. Congress has been per-
suaded to relax the antitrust rules so that
rival manufacturers can collaborate on
advanced research without running foul
of the law. Two of the first collaborative
research institutions to spring up aim 1o
match any challenge the Japanese might
offer in computing. software and compo-
nents for the 1990s. In one. the Semicon-
ductor Research Corporation, 13 micro-
chip companies have clubbed together to

form a non-profit consortium for support-

ing research on advanced integrated cir-
cuits at American universities. The con-
sortium is now doling out $35m a year 10
designers of tomorrow’s microchips.

The other institution, the Microelec-
tronics and Computer Technology Cor-
poration (MCC), is an interesting experi-
ment in its own right. Set up as a joint
venture in 1983 by initially ten (now 21)
rival American computer and semicon-
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guctor compames, MCC has 250 sosntists
CATTVING OUu: resedrch at s neadauaniers
in Austrn. Texas. to the tune of $73m 2
vear, Wnat is for sure, savs Mr Bobby
Inman. MCC's chief executive and former
depury director of the ClA. “MCC wouldn't
have occurred exczp: for MITL.™

Bu the most orcnestrated response of
ali 1o the Japanese challengs in comput-
ing comes not from I8M. Sibcon Vallev or
coliaborative consoruia of American chip
makers angé compurer firms. Though it is
raraiy in the public headiinss. the Pznra-
gon has been pouring barrels of cash into
computing. Its Deien¢e Advanced Re-
search Projects Agency (DARPA) in
Washington has been plaving busy mid-
wife to some of the most exotic technol-
ogv of all for computars. communications
and eiectronic equipment generally. -

Its VHSIC (very high-speed integrated
circuit) project alone has pumped $300m
over the past five vears into advanced
methods for making the superchips need-
ed for radar. missiles. code-breaking and
futuristic compuzers. Also carmarked for
DARPA is a reported $1 billion for spon-
soring a range of supercomputers which,
say insiders, “'will outperform anything
the Japancse can deve]op under their

.

HIGH TECHNOLOGY S.2vIv "3

sunsr-spesd compunng prorest O their

fifth-generauon programme.”

Al least a dozen ‘fifth-gensranon
bashers™ have surfaced as research pro-
1ects around the United States. mainjy in
umversity laboratories. bu: alsc in small

siari-up compames foundac by academ- -

ics. entrepreneurs and engnesring emi-
grés from the mainframe computer indus-
try. The iatest supercomputer to go public

(the prototype was shipped lasi vear to

the American navy) is a clustzr of boxes a
vard square capable of caicuiating overa
biliios; instructions per second (the Japa-

nese government hopes 1o have a similar . ..

grevhound of a computer by 1992). The
group that built it spun off mainlv from
nearby Massachusetts institute of Tech-
noiogy - 10 form their own company,
Thinking Machines. The firm is now
taking orders for a bigger brother with
four times the processing power.

If only a handful of the score or so of
American groups building advanced com-
puters survives, the United States is going
to enlarge its existing technology base in
computing over the next decade by as
much new engineering talent as its rivals

- have in totality. And that, not least for

the Japanese. is a sobermg thought.

‘Reach out and crush someone

[Even more than breakthroughs in telecommunications technology, America’s

new dereguiated freedom to plug in, swilch on and sell an information
service :s breedmg a whole new generation of infopreneurs

Amencam complain about it, but if truth
be told they still have the best and cheap-
est telephone system in the world. Japan’s
is a good one too—about as good as the
Belt System was in the late 1960s. Which
means- it is reliable and cheap when
making calls within the country, but not
particularly good at performing electronic
tricks like automatic call-forwarding, call-
waiting, short-code dialling, credit-card
billing, conference calling—all things Bell
users take for granted today

Americans also take for‘grantéd the
choice of being able to dial long-distance
numbers using alternative carriers who

- offer cheaper rates. Liberating the phone

system from the stateymonopoly’s clutch-
es (so customers may'choose what they
want instead of what they are given) has
barely begun in Iapan. oo

The United States is the world's donu-'
" nant supplier as well as its most prolifi¢

user of telephone equipment. The global
market, worth SS'I billion in 1982, is
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symecteg (¢ grow, to BE 1987,
AmMeTicen manianiurars G O 1%:
Japansse firms &-8%. Bu inal has o
prevenieC Japan from becOMIng a Major
exporter of telecoms- produéss. It now
selie weli over $1 billion worth of teie-
phone eguipmen: abroad. a quartsr of it

even 10 the Lnued bzales How did that
“happen? T

The main reason is the size of the
American market itself. Though the
‘Amanizan share of the giodal ieiecoms
business is five umas diggar 1han Japan’s.
practicaliv ali of 1t is 21 home. Some 90%
of the domestic market is controlied by
the mighn American Teiephone and
Teiegraph {“"Ma Bell"1. 672 has 10% of
the American market. whiie ITT has tradi-

IJ.

an
A
Ve A

tionally sold its ieiephone egquipment al-

mos: exciusivel) abroad.

Until the dereguiation of the American
phone system in the wake of AT&T's 1982
consent decree, Ma Beli’s manufacturing
arm (Western Electric) directed its entire
production effort at meeting_just the
needs of the various Bel] phone compa-
nies around the country. It got all its
inventions and designs from the legend-
ary Bell Laboratories in New Jersey. and
neither imported nor exponed a smg]c
transistar.

Bell Labs has been responsiblie for a
blizzard of innovations (transistor, laser.
stored-program control, optical fibres,
etc) that have driven down the real cost of
communications and raised the quality
and availability of telephone service
throughomt the United States. But be-
cause of AT&T's preoccupation in the past
with just the domestic market, the best of
its technology has had little direct impact
on the rest of the worid. The door to
export sales was thus left ajar for tele-
coms suppliers elsewhere—from Europe
(Siemens, Encsson, Thomson, GEC and
Philips), Canada (Northern Telecom and
Mitel) and Japan (NEC. Oki. Fujitsu and
Hitachi).

American firms retain their dominant

‘position in supplying switching and trans-

mission equipment. But the Japanese
have mounted a serious challenge based
on their growing expertise in transmitting
messages on the backs of light beams.
Made out of cheap silica instead of costly
copper, optical fibres can carry three
times the telephone traffic of convention-
al cables, need few repeater stations to
boost the signals and send them on their
way, are immune to electrical interfer-
ence and do not corrode like metal wires,
The early American lead in fibre op-
tics, built up by Western Electric and
Comning Glass. has been chipped away by
scientists at NEC. Sumitomo and Japan's
telephone authority (NTT). Apart from
learning how to manufacture low-loss
fibres, Jupanese companies have become

suDarh &l making the minute lasers. fight-
emilung diodes and minussuis receivers
usec Ior projesung and catching the
messages.

Hand in glove with fi brc optics is the
growing trend towards digiial transmis-

sion—sending spoken oOr picture mes- .

sages coded "as the ones and zeros of
computerspeak The transmission part is
easy, but optical switching has presented
horrendous headaches and the compeu-
tion here is fierce.

But Amencan makers have used :helr
knowhow 1o betiaf commercial ends. In
particuiar, digital transtnission has been
used to speed the growth in data traffic
berween big compuler sysiems. especially
those owned by airiines. banks. insurance
companies and financial insututions.
Here. the Federal Communications Com-
mission has taken the initiative. by free-
ing America’s telecormmunications net-
works so anyone cah plug in, switch on
and sell an information service. Other
countries—Britain and West Germany
particularlv—have been inexplicably
making life as difficult as possibie for
their own infopreneurs. :

The lesson has not been wasted on
telecommunications mandarins in Japan.
They have seen how getting the govern-
ment off the back of the telephone com-
panies in America has sputred a vibrant
free-for-all in “*value-added networking™,
crealing numerous jobs in information
services and giving local manufacturers a
headstart in carving out a piece of a brand
new high-tech business for themselves.

This new communications freedom-
even more than the changes in digital
swnchmg and new transmission technol-

Gettmg smart

ogies—is ong of the ke
behinC the mergsr bertweer ’Jrru'ms
offics automation and teizcommunica-
tions that is beginning 10 take piace within
the United States. Last vear. computer
maker 1BM absorbed Rolm. z [lzading
manufacturer of digitz! prvate-branch

grv I"" 'U""'K

exchanges. At the same ume the tele-
phone giant, AT&T. broadened jts grow-

ing base in computing and office equip~
ment by buying 25% of Olivesri in Laly.

The leader of the office-automation pack.

Xerox, is still suffering from 2 susfeit of
exotic technoiogy dreamed up by engi-
neering wizards a1 its PARC laboralories in
Californiz.

Japan has no intention of being left
behind. The government in Tokvo is
pressing on with ils pian to privause as
much of its ieiecommunizations szrvices
as possible. And whiie the big names of

the Japanese 1elecoms business (Fujitsu,

Hitachi, NEC and Oki) may have deficien-
cies of their own. each is nevertheless a
big name in computing too. And though
smaller. all are more horizonially inte-
grated than AT&T. IBM or Xerox. -

Will Japan close the technological gap
in telecoms with America? Quite. possi-
bly. But only through setting up shop in
the United -States. The reason concerns
one missing ingredient, now as essential
in telecoms as in computing: ingenious
software. Just as Motorola and Texas
Instruments have built semiconductor
factories in Japan to learn the secrets of
quality and cost control, Japanese firms
will have to establish telecoms plants in
the United States if they are to acquire
the necessary software skills. NEC has now
done so—for precisely that reason.

Manufacturing is also going high-tech, threatening to turn today’s dedicated
factories full of automation into relics of the past

Microchips. compulers and telecoms
equipment will be to the next quarter

century what oil. steel and shipbuilding .

were ta the vears between Hiroshima and
the Yom Kippur war. More than anything
else. these three technologies will fuel the
engine of economic growth in countries
that learn to0 manage their “smart” ma-
chinery properly. This will hasten not so
much the trend towards service jobs, but
more the revitalisation of manufacturing
itself, -

Manufacturing? That grimy old metal-
bashing business which the more prosper-
ous have been quietly jettisoning for
better-paid office jobs in the service sec-
tor? It is true that manufacturing jobs in
all industrial countries (save [Italy and
Japan) have been shed continuously since
1973. In the United Siates. emplovment

in manufacturing industry fell 2.5% last
vear to less than 20% of the civilian work-
force. ' _

But looking at jobs alone is misleading.
In terms of manufacturing’s contribution
10 GNP, for instance, little has changed. In
fact. manufacturing’s share of value add-
ed (at current prices) in America was
22% of GNP in both 1947 and 1984, and
has wavered narrowly within the 20-25%
band for close on 50 years. So much for
de-industrialisation,

Manufacturing still means big business

in anybody's book. It currently contrib-
“utey $300. billion and 20m jobs to the
American economy; about $350 billion -

(at today’s exchange raie) and 15m jobs
in Japan. But manufacturing is really a
matter of how vou define it. Traditional
measures based on Standard Industrial
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factory 15 going tne same way as smoke-
ctack Indusin generaliv—up ir smoke.
‘yer software engincenng aione 15 an
explosive new manumcmrmr'-mdusm
tna: pareiy enters the American Treasury
Deparimeat’s caicuiauong of growth. it
alone its ws:on of what consmmes
industry. - -

What is for sure is zhat the new battle in

manufacturing competitiveness and pro-
ductivity is going to be fought in the fields
of orozess and design technology. Herelds
wha: Mr Daniel Roos of Massachusetts
Instizute of Technology has to say:

Over the pext 25 vears. ali over the worid, |

semi-skilled labour-—whetner cheap or ex-
pensive—will rapidly give way to smart
machinery as the kev eiemsn: - competi-
tivensss. Neither cheap Korzarn iabour nor
expensive American iabour 1+ our rew
probiem. Rather the chalienge tizs in rapid-

Iy introducing and perfecung the new gen-
erations of design and process equipment—

. and the compiex social svstems that must

accompany thexnr.

It does not require an MIT rlrofesqor to
explain why conventional -ndnufa..tunng
is limping out and new computerised
forms of design and fabrication are mus-
_cling in. Using the favoured vardstick of

productivity (return on investment after

discounting for the current cost of money)”
even back-of-the-envejope calculations
show only two factors reatly count. Ener-
gy costs are irrelevant. being typically 3-

4% of factory costs. Much the same is.

true for labour, which now accounts for
only 5-15% of to1al costs.

*The only significant. and controllable,
factors are material costs and production
volume™. preaches Dr Bruce Merrifieid

of the American Department of Com-
merce. Thus, with roughly 30% of materi-

...torobots...
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From smokunck .*::-"*

al costs bemg in inventory, a *“just-in-
time™ delivery sysiem (like the Japanese
kanban method for supplying compo-
nents 10 motor manufaciyrerss couid im-
.prove the real return on mvestmem by as
much as 15%.

Getting manufacruring \.olumcs right is
trickier. Here high technology is making
the whoie notion of the special-purpose

factory—with its automated equipment
purring smoothly along as it churns out’

‘millions of identical parts all made to the
‘same high standard of precision—a relic
of the smokestack past, The marketplace
is much more competitive today, no long-
er accepting the 10-12 year product life
cycles needed to justify the investment of
such dedicated plants. The pace of tech-
nologacal change is demandzng that man-

HIGH TE_CHEJOLOG\; S_2.3v 5

ufactured goods he replaced every four or

five years: in consumer electronics, every
two or three vears,

. The Japanese factory devoted solely to
turning out 10.000 video recorders a day

. with a handfu! of gperators is the end of

the line~-not quite vetr, but destined
shorily to become, a magnificent anach-
rorism and epitaph to the age of mass

‘production. It was a brief and grimy era,

spanning just the single lifetime from
Henry Ford to Scichiro Tovoda. To take
its place, a2 whole new concept of manu-
facturing is being hustled out of the
laboratory and on to the factory floor.
This is the final melding of microchips,

-computers, software, sensors and tele-

coms to become in themselves the cutting,' :
tools of manufactunng mdustry

The retoolmg of Amenca

Flexible make- anythm% factories are beglnnlng to sprout across Amenca.

bringing back jObS that

Amencan engineers call it CIM. Comput-
er-integrated  manufacturing—hurried
into the workplace by a kind of Caesarian
section—nhas arrived before managers
have had a chance to find out what they
really want or are able to handie. The
trouble—and there have been plenty of
teething troubles—is that CIM has a
grown-up job to do right now. To corpo-
rate America, it is the one remaining way

- of using the country’s still considerable

clout in high technology to claw back
some of the manufacturing advantage
Japan has gained through heavy invest-
ment, hard work and scrupulous atten-
tion to detail,

" American compamcs ‘began pouring
big money into high-tech manufacturing
around 1980, All told, firms in the United
States spent less than 57 billion that year
on computerised automation. Today they
are spending annually $16 billion, mostly

ad slipped offshore

‘on more sophisticated CIM equipment. By

1950. investment in computer-integrated
manufacturing will have doubled to $30
billion or more, forecasts Dataquest of
San Jose. Californid.

General Motors has spent no less than
$40 billion over the past five vears on
factories of the future. Even its suppliers
are being hooked into GM’s vast comput-
erised information net, allowing them to
swap data with the giant motor makerasa
first step towards integrating them wholly
within its CIM environment. 18M has been
spending 33 billion a year on computeris-
ing its manufacturing processes. In so
doing, it has been able to bring numerous *
jobs, previously done offshore, back inta .
the-United States. Pleased with the re-
sults so far, [BM has raised its investment
in CiM 1o an annual $4 billion. '

The heart of a CIM plant is 2 flexible
manufacturing shop which can run 24
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retooied Ik mMInULes rather than days, and
abis 10 turn out hundreds of different
products. instead of bemng dedicated to
sust one fine. The differencedsetween the
bes: of traditionai automation (for exam-
pie. Tovoia's Coroliz ke in Nagova) and
the best of new sryie Cim plants {for
exampie. General Eiectric’s household-
appliance centre in Kentucky) is that the
former automates iust the flow of materi-
al through the factory. while the laiter
automatas the toia! fiow of information
needsd for managing the emzrprse—
from ordering the materials 1o paying the
wages and shipping the finished goods out
of the from door.

The aim of CIM is not simply to reduce
the. amount of direct labour invoived in
manufacturing 2 product (only 5-15% of
the cost). The real savings come instead
from applying strict computer and com-
munications controls to siash the amount
of waste (typically 30% of the cost)
through having up-to-the-minute infor-
mation on tool wear, while minimising
the handling. management and overhead
charges (rareiy less than 40%) by know-
ing precisely where items are at any
instant during the manufacturing process.
The net result is that a CIM factory has a
much lower breakeven point than a highly
automated conventional plant. The ma-
jority of the CIM plants now onstream.in
the United States break even at half the
level of a conventional plant (typically 65-
70% of full capacity). And because it
does not have to operate flat out from the
start to be efficient, a CIM plant makes it

* easier and cheaper to launch new prod-

ucts. That spells shorter life cycles—and

hence more frequent (and more anrac-

tive) mode! updates.

That would be reason enough for enter-
prising high-tech companies. to invest in
CIM. But a number of American corpora-
tions are being encouraged for other,
more strategic, reasons o integrate their

.‘computerised manufacturing processes.
- The Pentagon sees CIM as a nifty way of

allowing manufacturing capacity to be
sprinkled lightly across the land, instead
of being concentrated heavily in targeted
areas along the Ohio VaIley parts of
Hiinois and up through Michigan.

- The generals also see CIM plants—with
their rapid response and flexible, make-
anything nature—as handy standby ca-
pacity ready to be instantly repro-
grammed to meet the military surge of a
national emergency. Apart from its costly
military stockpiles, the Pentagon has 10

.underwrite a good deal of redundant and

idle capacity among America's defence
contractors. That is a political luxury it
can no longer afford.

Pressure from other pans of W'ashme-
ton is alse helping to usher high-tech

...toCiM- -7

[ L L T el

manufacturing into American factories.
To government gurus like Dr Bruce Mer-
rifield. the attraction of these flexible
manufacmnng plants is that they are |dcal

Let the daisies grow

r

not 1us! for industria. giants ke G..'T-"a
Eiectric. Westinghouse 07 IBM. byt =vexn
more so for the tens of thousands of uny
workshops across the country Whiis Ja-
pan has rwo-thirds of its industrial output
within the grasp of broad-Dased kerretsu
manufacturng groups. Amencan ingdus-
uy by contrast has aiways reiied neavily

“on its 100,000 or so independent subcon-__

tracting firms. In metal working, for in-
stance, 75% of the parts made in the
United States are manufacturad by smali
indzpendent workshops in batcnss of 50
or less.

The American Commerce Department.
sees po antitrust reasons why smaller
firms should not band together 1o share a

_ flexible manufacturing centre, making

spindles for washing machines one min-
ute, wheel bearings the naxt. then switch-
ing to precision mounss for a microscope
maker, crankshafts jor diesel engines, .

microwave cavities for radar equipment,

nose-cones for missiles and so on. This
would reduce the investment risk for the -
individual firms. while providing a higher
return for the CIM plant as a whole. It
could also help rebuild much of the indus-
trial base of rustbowl America.- ., .
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Bureaucratic gundance is stil no match for a femle economy wher riythmg

can take root and flower -

‘Who, then, is better suited to hfc on the

high road of technology—America or
Japan? The answer is complicated by the
way the two industrial superpowers have
honed their separate skills in wholly sepa-
rate ways (table 3). American technology
is overwhelming in big systems, software,
computing and aerospace. But nobody
can touch Japan in the process technoi-
ogies that underlie conventionai manu-
facturing. American technology reaches
out for the unknown: Japan's bends down
10 tend the commonplace.

The differences in style mirror the
differences in ideals that the two peoples
hold dear. The Japanese have a saying:
“The nail that stands up will be ham-
mered flat.” The Americans say; “Let the
daisies grow.” So it is hardly surprising
that American technology is individualis-

Table 3:'Balance of forces
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t:c “often erratic and always 1conoclasuc.
Japan’s, if anything, is pragmatic, geared
primarily to problem-solving and hustled
along by a herd-instinct.

To date, Japan’s high-tech success has
been almost exclusively with develop-
ments that were predictable—like pack-
ing more and more circuits into dynamic
RAM chips, or making video recorders
smarter and smaller. This is a result of
having total mastery of the process tech-
nologies. While all the basic break-
throughs for making semiconductors—
electron beam lithography, ion implanta-
tion. plasma etching. etc—came from the
United States, Japanese firms improved
the ideas step by step until their equip-
ment was a match for an\thma made
abroad.

By carrying ou! deveiopmcm continu--

Japanese strengths

Applied research and development
Incremental improvements
Commercial applicalions

Process and produchon technology
Components )

Hardware -

Predictable technologies

Quatity control

Miniaturisation

Standardised, mass volume

<., Systems inegration -

American strengths

Basic research -
Breakthroughs and inventions
Military applications )
New product design -

Software R
Less predictable technolognes

New functionalities

New architectural designs
Customisation

Sowrce " The Posiive Surn Strategy . Nahonat Acasemy Press. Washingion OC, 1588
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" continuous casting in ste2l

s 3D SMar INSTEMETIAY S120% timstead
o tne Amepcan wey o ¢ QLATTUM

tcans Sven GG..JO" Q7 SO, s4TAN2NE nl'ﬂ":
..aw peen able 10 DoMDard SuUstomer:
woih & darrage of new r-ma-:zsvﬁ-'r'rc vet
pelieT  Vvaius. ouaiiny - and
Amencen firms, contras:.
nonaliy made cosmenc IMProvements 24-
erv few vears. and then brougnt out
comptetc ‘odel overliauis once & decade
or s0. That has made their products look
lonc in th2 tooth. ther suddenly change

iramatically—often for ine worss while

gesign bues and production wrinkies are
sortedout.  _ . -

American rechnolog\ has also 1ended
to be gearad for use maml_\ at nome (for
exampie. tejephone svstems. molor cars).
With 1t smaller domestic market. Jupa-
ness technoiogy has been forced tc ook
fartner afield. The Stanford sconomst.
Mr Damei Okimoto. makes the point tnat
though japanese firms have excelied at
technoiogies tied ciosely to commodities
with huge export markets {for exampie,
. emission-con-
trol for motor cars, opiica; coatings for
camera lenses). lately they have begun to
do well in technologies for domestic use
100. Some examples include gamma in-
terferon and Imerieukin II in pharmaceu-
ticals. digital switching and transmission
in teiecommunications. And with their
breakthroughs in galiilum arsenide semi-
conductors. optoelectronics. supercera-
mics and composite materiais, the Japa-
nese -have shown themselves selectively
capable of innovating at the frontier of
knowledge as well as anyone. —~ :

On the whoie. however. Japanese firms
have been less successful with technol-
ogies that are inherently complex, not
particularly predictable and dependent
upon ideas springing from basic research.
Making jet engines is one such technol-
ogy. Designing air-traffic-control radars
is another. Developing computer-aided
design and manufacturing systems is a
third. And despite MITi’s “"targeting™ of
lasers as a technology to be conquered,
little progress has been made here to
date—because not enough basic research
has been done in the necessary branch of
physics.

Such incidents point to serious prob-

lems in Japan's educational sysiem.
While Japanese youngsters out-perform
western school children in ail meaningful
tests of mathematics and science, their
training stresses rote learning rather than
critical analysis and creative synthesis. At
university, their skills in problem-solving
are enhanced at the expense of their
abilities to conceptualise.

As faculty members, Japanese academ-
ics are civil servants unable 1o fraternise
as paid consultants in industry during the
summer vacation. So Japan has none of
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the cross-fertihaanon barwesn nasic re-
S24TCD abd COMM2roia d2Vv21opment that

“cncractenses MIT and Rour= 128, Suan-

fore and Sibcor: Vailey anc s hundred
Othsr. campuses across Amenca. Also,

because ai. tht ieading unnersities in

HIGH TECHYNOLOGY S_=3vsvy « 7

Janan are state-owned and run npdin m
& cunsefvative teniral Dureducracy. 1t is
difficult te aliocate grants (by peer-re-
vigw) 10 the mos: deserving researchers
ratner than the most senior.

ir tne days winen Jupan couid storm the

Forget about America’s underground
economy of - do-it-vourselfers pushing
hamburger carts. pain: brushes and illicit
drugs. Above tire conventional econo-
. my. astar-spangied weaith iauncher lift-

advantage of the soaring power and
piummeting cost of mcrochips. the
breakur of the geriatric telephone mo-
nopaiy. the chimera of Presidsnt Rea-
gan’s space shielid and. above all. the
technoiogical coiiision of computing,

Mset America’s exciting new airborne
economy.

The first thing 1o undersiand is that
nobody is guite sure how well even
America’s conventional ¢conomy is per-
forming. let alone its underground or
overground components. The only items
reported properly seem. to be imports
and unemplovment. The trouble is that
the economy is changing so fast—from
old-fangied businesses based on metal

new-fangied ones that massage, transmit
and memorise scraps of information.
What is for sure, the leading economic
indicators—those ~ monthly headlines
‘that send shockwaves around the worid's
financial markets—seriously underesti-
mate some of the most important growth
sectors within the United States.
Because the statistics have not kept

pace with the way American business is
becoming internationalised, computer-
ised and more service-oriented, the pic-
ture the statisticians paint depicts an

. economic landscape of a decade or two
ago. Here are some examples of lagging
statistical response:
¢ Companies are classified by industrial
sectors using definitions Iast updiated in
'1972 ’

® Twenty yvears after computers swept

manual accounting into the dustbin, the
first price index for computers has just
been introduced—and is still incom-
plete. Where America’s computing costs
have been assumed to be fixed. hence-
forth they will be deemed to fall (as they
have actually been doing) by at least
14% a year—adding nearly 1% 1o GNP.

~ ® An archaic processing system for log-
ging foreign trade, confronied with a
90% increase in imports over the past
decade, is ignoring America’s growth in
foreign sales. A significant proportion
(some say 15-20%) of American exports
‘now goes unreported.
® Measures of family income, deﬂgncd
in an age when welfare was a dinty word,
omit non-cash components such as com-

Lift-off for the airborne economy

" (pension rights, defzrred income pluns.

ed oif three or four years ago—to take.

communications and cifice automation.

bashing and -carting things around 1o .

pany fﬁnge benefits for professionals .

health and lif* insurance. et2) and in-
kind governmen: zysisiance for the poor
(fooa: Stamps. rent subsidizs, ets),

@ Poverty is still defined by consump-
tion patterns of the mid-1950s, when a
family of three spent a third of its income
on food. The same food basket today
costs a fifth the eguivaient family’s
income.

Don’t snigger. Despite bucge.dry
cuts, the American stat:stical system is |
still onz of the best in the world. 1z only
.real weakness is that—emplovment fig-
ures aside—the sratistics used for deter-
mining. say, GNP or growth tend to be by- 9
products of non-siatistical agencies (such
as the Iniernai Revenue Service, the
Customs Service, Medicare and the De-
partment of Agriculture). As such, they
are far from being as clean. complete or
timely as the experts would like. .

Consider some recent anomalies
caused by the quickening pace of techno-
logical change. With 70% of Americans
being emploved in the service sector,
you might be tempted to categorise the
United States as essentially a service-
based economy. It is. But you would not
think so from the Standard Industrial
Classification (siC) used in generating
the input-output tables for measuring
GNp. This has 140 three-digit codes for
manufacturing firms. only 66 for ser-
vices. Moreover, since the SiC system
was last revised in 1972, whole new
business activities (for example, video
rental, computer retailing, software re-
tailing, discount broking. factory-owned
retail outlets) have sprung up, while
others have withered away.

Nuts and bolts, for instapce. are in an
i€ category all of their own, employing a
grand total of just 46.000 people. Enve-
lope makers. again with their own siC
category, provide fewer than 25,000
jobs. Yet one siC code in the service
sector alone. general medical and surgi-
cal hospitals, now covers some 2.3m
people. Lots of high-tech service busi-
nesses—including computer stores and
software publishers and manufactur-
ers—do not even qualify for their own
SIC codes yct.

There is no reason why all sic catego-
ries should be the same size. But the
‘imbalance exaggetates the imponance of
traditional manufaciuring at the expense
of services in the American economy.
Above all, it allows whole sections of
America’s booming high-icch econumy. .
to go unreported.
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Bacx to the future

A glimpse or wo at the fules-w al dispetl
amy doudrs about Yagkes-ingenumy as it
prooes tne himits of TOMOLTOW's tecnnoi-
ogy. First. to Silicon  Valley wnere Mr
Alan Kay, refugee from such rechnoiogi-
cal hotbeds as DARPA, Stanford. Xerox
PARC and Atari, s nowadays \’tsmndr}-
ai-large at Apple Computer. Buiiding on
the ieamning theorias of John Dewey “and
Jean Fldﬂe! Mr Kay is trving 1o creatz a

“fantasy ampiifier “_a computer with

senses. enoughsmemory to swore Iy
loads of reference matérial. and enouzh
clever sofrware 10 couple mans natural
desire for exploring fantasies with his
innate abiliry to learn from experiment.

The concept. calied “Dinabook™,
combines the seductive power of both a
video game and a graffiti artist’s spray-
can with the culural resources of a
library. museum, art gatlery and concert
hall combined. Difficult to make? You
bet, especiallv if the whole gizmo has to
fit in a package no bigger than a notepad
and be cheap cnough for every schoeikid
0 OWR. " 5 i

Smalltalk is t!'u.- compu:er language Mr

enouzh poweg to outrace the ucers .

.- PRI L7
Kav has deveioped to aliow kids 1o
comverse with the faniasy ampiifier. The
resi of the ingredients are al! teznnoiogi-
cally imaginable, just prohibiuvely ex-
pensive and unwieldy for the 1ime being.
But a decade ago the first personal
computer was just being buiit at consid-
eratiz axvenss. ks functional equivaisn:
today costs less than 350. Stiii oniv 16 his
mid-40s. Mr Kay has ample tims 1¢ ot a
Dynabook 1 the -hands of miiirons of -
voungsters with open minds and a sense
of wonder stili intact.

Next. meet Mr Ted '\Telson. gadfly,
prophet and self-confessed compuier
crackpot, with a lifeime's obsession
wrapped up in an enoTmMous programy:
catied (after Coleridge’s uafinished

poem) Xanadu, Boon or boondoggle,

nobody is quite sure. But the giant piece
of software for. steering oOne’s own
thought processes (including alternative
paths. mental backtracks and inteliectual’
ieaps) is hardly lacking in ambition or
vision.

Conceived originally by Mf: Nélson "

while a student at Harvard as simply a -

note-keeping program for preserving his

‘sonnets to songs—and pul it mto Nana-

even thaughi. Xanadu bas evoived into
a otal inerary procass: creanng ia:as:
organising the thoughts. with iraces
showing packiracks. aiternanve versinas
and 1UmD‘ IC Cross-references OOCH- K
Mmenis. manpuiatng the wex:; publshing
the resuits; ana logging & share of the -&.
rovalties 1o every other author citad. :
. Every document in Xanadu's database
has iinks to its intellectual antecedents
ang to others covering related romcs.
The finked references work iike loot-
notes. exce=pt iha! Nanaau ofizrs an
eiectrome “window” througs which they
can be accessed there and then. Because
the whole process works in a non-se-
quemial way. the inventor cails the out-
put “hypertext™..

Mr Neison looks forward to the day
when anybody can créate what he or she
wants—irom recipes to r2scarch papers,

du’s database and quote or cite anyhody
else. Royalties and sub-rovalties. moni-
tored automaticdlly by the host comput-
er, would be paid according to the
amount of time a user was on-line and
reading a specific document. It sounds
pretty wild at the moment. but hypertext
could be commonplace beforc the_cen-
Tury is out.

Lo

industrial heights with foreign licences,
_homegrown development and production
excellence, the inadequacies of its educa-
tional system and academic research
hardly marttered. But such shortcomings
are becoming increasingly a problem as
~ high-tech competition intensifies. wweus +
Nor can Japan call on its little firms to
provide the invigorating fillip of innova-~
tion such enterprises provide in the Unit-
ed States. And with their lifetime employ-
ment practices, Japan's big technology-
" based corporations rarely get a chance to
attract high-flying talent from outside.
" Technological diffusion between small
firms and large corporations, and be-
tween companies generally as engineers
swap jobs, is one of the more invigorating
forces for innovation in the United States.
Nor. also. is there an adequate way in

Japan for financing risky innovation out- -

. -nf--!h.&.-cw ’ ' T

side the big corporancns S:nce 1978,
American equity’ markéts have rajsed $8
billion for start-ups in electronics alone
and a further $3.3 billion for new biotech
companies. Over the same period, Ja-
pan’s venturc-capital investments in high-
tech have totalled just $100m.

Lacking all these things. the Japanese
have sought a substitute. This is one of
the main reasons for MITi's special em-
phasis ‘on collaborative research pro-
jects—as in VLSI or fifth-generation com-
puters. To Mr Gary Saxonhouse of the
University of Michigan, Japan's lauded
industrial policies are little more than a
substitute for the ingredients that Ameri-
can companiés enjoy from their ubrant
capital and labour markets. . o

As for MITI's infamous mdustnai tar-
geting, many Japanese {as well as foreign-
ers) have long doubted its effectiveness

‘and believe it is now wholly inappropriate

anyway. All technologies have started
moving simply too fast to wait upon the

‘whim of bickering bureaucrats. It is not as

though Japamese civil servants have
shown themselves any better at picking
industrial winners than officials else-
where: and none has betiered the invisi-
ble hand of the marketplace.

Apart from possessing vastly greater
resources of well-trained brains, more
diverse and flexible forms of finance, and
a bigger and more acquisitive domestic
market. America has one final, decisive
factor moving in its favour—the pace of
innos ation itself,

-

TR

e At
High- tech products tend to have wo
things in common: they fall .in price
rapidly as production builds up (they
possess steep learning curves) and they
get replaced fairly frequently (they have
short life cycles). The trend in high-tech is
towards things becoming steeper and
shorter. So the competitive advantage of
being first to market is going mcreasme.h
10 outweigh almost everything else.

This spells an end to the traditional
low-risk. low-cost approach that Japanese
companies have used so successfully to
date—coming in second with massive vol-’
ume and forward prices after others have
primed the market. Henceforth, Japa-
nese firms are going to have to take the
same technological risks—and pay the
same financial penalties—as evervone
eise. And that puts the advantage décid-
edly on the side of Yankee ingenuity.
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TSAL GETS TIE TOP
I0B FQI¥ GETVIRG TLIE JOB DULE

Other projects include the sale and

leaseback of the,company's Greenwich

i (Conn.) headquarters and further redue- i
| tions of its vast timberiands. Americar !

¢ Tsal Jr. tore down and rebuilt

2 ,' f" hen he was vounger, Gerald

mtshmg= put in place he says. On Apr.
"1 80, in recognition of the solid financial
house he's constructed for American
Can Co., Tsai was named chie! execi-
tive, suceeeding Chairman William 8.
Woodside.

American Can’s transformation has
been remarkable. In 1981, Woodside,
who will retire next Jamuary, began 1o
shift the company away from can manu-
facturmg and paper operations into less
capitai-intensive and faster-growing
businesses. In only a few years, Ameri-
can Can's financial services business
grew to produce 1985 earnings of $200

same period, the company divested its
paper operations, cut back on ean manu-
facturing. trimmed employment, and de-
centralized management. Return on eg-
uity rose from 7% in 1981 to 11% last
. vear, “The challenge now,” savs Tsal,
“is o make sure the companyv will grow
at a fasier-than-average rate.”

eiGGEST coup. For the 57-year-old Tsal,
who remains vice-chairman for now, the
promotion caps a four-vezr effort. A few
vears ago, ‘Woodside formed an office of
the chairman, putting Tsai in competi-
don for the chief executive spot with
President Franeis J. Connor. Connor,
56, a 30-vear veteran with packaging

stay on.
The promotion also marks a comeback
for Tsai, who first set ' Wall Street afire

manager. He reappeared in 1982 when
he sold Associated Madison Cos., a life
insurer, to American Can for $140 mil-
lion. Associated Madison beeame the fo-
cus of Woodside's financial services
strategy, and the chairman gave Tsai

acquisition, Tsai added specialized insur-
ance, mortgage banking, and real estate
syndications. In 1984, financial services
| contributed 26% of the company’s total
revenue and 45% of operating income.
Last year, financial services accounted
for 54%.of total profits. Andin the quar-
ter ended Mar. 31, while overal] aftertax
incomezrose by 20%, financial services’
operating income rose by 47%.
American Can’s biggest coup eame in
| March, when it sold 15% of its American
Capital Management & Research mutunal

million on revenues of $1.8 billion. In the |

five homes. I liked to see the |
two-by-fours go up and finally the fur-_

million. The Houston-based fund had
been acquired less than three vears
“gariier for $3% million. and it produced
a special $25 million dividend for Amen-
car Can before it was sold. Tsai esth
mates the ofiering added nearly §10 to
American Can’s steck price. which hit &
new high of 79% and ciosed at 70 on

Apr. 80, Other such offerings are under |
| consideration. A likely candidate is Fin- | Conn.

t
t
|
i

{
|

oy
i share by 1990 and boost return on equity
i to 18%. He also plans to expand his port-

! Can is aise likely to concentrate on bev-

erage cans and shut its other can planis.

Tsa: nas ambitious plans for the compa-
He wants to double earnings per

folic of service businesses, probably by
buving = health care company. Being 2
master builder seems to suit Tsai—and
American Carn.

By Marilun A Harris in Greenwich,
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and retalling expertise, 15 expected to.

in the 1960s as a “go-go” mutual fund

the charter to build it. Largely through
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/’ ¥ hile tight research dollars are

.f cramping scientists’ style at

many universities, researchers

at one schoo] are sitting pretty. At

Washington University, they can apply

to tap into a $52 million research fund
bankrolled by Monsanto Co. ’

tensive collaborative industry-university

fund university research in return for
first crack at licenses on any resulting
patents. The effort proved so successful
that on May 2, Monsanto kicked in an-
other $26 million and extended the part-

nership until 1990.

Four years ago, the St. Louis universi-
ty a . tm2 chemical giant signed an ex-

joint research agreement. Monsanto an- -
ted up $26 million over four years to |

Monsanto is convineed that it is get-

ting its monev’s worth.-Indeed, -Howard -

A. Schneiderman, senior vice-president
and chief scientist for corporate re-
search and development, says the 1985
acquisition of drugmaker G. D. Searle &
Co. might not have happened otherwise.
“Through the program we made enoug,
discoveries ‘of potentially interesting:
pharmacentical products to justify buy-

‘ing Searle,” he says.

The first drug:Schneiderman is count-
ing on is a hormone produced by heart
cells that plays a key role in regulating
blood pressure and kidney function. Sev-
eral other drugmakers, including Merek
& Co., are pursuing the same substance,
called atrial natriuretic factor. But Mon-

Emnd subsidiary to the public for $69

: t
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-the university for help. “Monsanto was
_ripe, and the situation was quite atypi-
‘Jzeal,” says Edward L. MacCordy, the uni-

. SIS Y e EE
| E;:-\t e jf‘:; ;

ganiy peieves ine Washinglon Universs TBLFLTY & HEALTA Bt e, i

I DRAETE CFFE COSTS

v group is on the cutting edge of the
researcn: The universit_\' wor the first
U.8. patentz for the potential drug,
which will enter human chmcal tests th1=
SUMIIMer.

Another dozen or so patents are pend-

| LEE EAVERG & RELABSE

ing. Monsanto has targeted a group of
drugs that dissolve blood clots in heart-
attack victims and immune-sysiem regu-
lators that may be useful to treat such
ciseases as arthritis. To help get those
drugs to market, Monsanto has beefed
up its internzl R&D spending. This vear
the company expects to spend $520 mik
lion on R&D, 57% of it in life sciences, up
z'most 11% from last year. With that
pusk, “we will deliver to Searle one or
™wo very exciting product candidates in
1986 or 1987,” vows Schneiderman, New
drugs should be welcome at Searle,
which faces hundreds of millions of dol-
iars in liability claims over its Copper 7
intrauterine device.: _

Initially, the agreement with Mon

*a edical infiation has cooled so
3 dramaticaliy since 1983 that
\ \umam economists no longer
study it as a barometer of rising prices.
But if they missed the mid-Aprii reiease
of the econsumer price index, they are in
for a.shock. During the first three
months of 1986, the medieal component
of the CP1 rose at an annual rate of 8.7%,
while the overzll index droppad by 1.9%
{ehart). With companies and ine govern-
ment battling to contain medical infia-
tion, such price rises “shouldn’t be possi-
ble,” declzres Uwe E. Reinhardt. an
economist at Princeton University.
‘What's behind the cost runup? Health
care experis suggest the very cost-con-

santo was controversial. Crities, inciud-
ing Represeniative Albert Gore Jr, (D-
Tenn.), feared it would compromise the
independence of the university end skew
research toward commercial goals. But
both parties argued they had developed
a committee of Monsanto and university
scientists that acted as an on-campus
graniing agency to prevent conflicts.
sarYPICaL’ The relationship is getting
high marks on eampus. Last fall, an in-
dependent committee of academic lead-
ers gave it a clean bill of health. “QOur
overall conclusion was ‘that the venture
had been extremely successful,” says
Leroy E. Hood, a committee member
and professor of biology at the Califor-
nia Institute of Technology. And aca-
demic seientists are finding that the eol
laborative effort is speeding up their
research. “With the collaboration we did
faster science than might have been
done otherwise,” says Philip Needleman,
2 professor of pharmacology who heads
the work on atrial peptides at Washing-
ton University Medical School.

HIDICAL COSTS: TRE ° -
HLFLALIOL GAP GETS 'mm

“FIRST ¥RREE IDI’I’HS AT SEASORKLLY ADJUSTED AKKULL RAT]

" DATh: BUREAL: OF LABGR STATISTICS

Despite the good reviews, the-Wash-
ington University-Monsanto deal has not
become a meodel. There are fewer than
two dozen industry-university collabora-
tions with more than $1 million in fund- |
ing. Some believe the situation in St.
Louis is unique: Monsanto was in the
throes of reorienting itself out of com--
modity-chemical businesses and needed

versity's associate vice-chancellor for re-
search. But with cutbacks in federal

-{ainment—efiorts -that helped--bring -in--

creases down to 6.15 in 1984 from a

‘high of 12.5% in 1981 may actually have

contributed to the upward spike. Reduc-
ing the volume of in-hospital care raised
costs per patient. Now, hospltal officials
contend, significantly b’ 'ber prices are

necessary just to cover usis—which in |

health care have long outpaced the over-
all rate of inflation.

HUGE FREMIUMS. The govemment’s pro-
gram to slash medicare expenditures
also may have played 2 role. Medicare
payments fo hospitals, which account for

. These actions may have forced rates for

private patients to balloon, and they
clearly havent helped doctors fachhg
huge malpractice premiums. “Fees may

e rising more rapidly than people like,

but that doesn’'t mean physicians are
taking home more net income,” savs Dr.
James 8. Todd, senior deputy vice-presi-
dent of the American Medical Assri,

In the first quarter, hospitalroom
charges swe]led by an annual rate of
neariy 10%, preseription-drug prices
1umped m more than 12%, and physician
fees rose by about 7%. The 8.7% quarter-
ly spurt for the GPI medical component is
wel! above the 6.3% figure for the same
period a vear earlier.

With oi} and commodity prices tum-
bling, renewed medical infiation poses
little immediate threat to the economy.
But increases in health prices already
are translating inte higher health-insur-
ance premiums. Hewleti-Packard Co.

| has received 2 handful of proposed con-

tracts calling for increases of about 9%.
Arthur J. Young, HP's benefits manager,
warns that more hikes of that size would
be “cause for significant concern.”

‘OUT OF THE CLOSET. Employers cleariy
will resist. Many already have negotiat-
ed discounts for group health plans, and
higher rates will prompt more to follow
suit. “Employers were getting used to
health costs going up only 5% to 7% a
vear,” notes Jeffrey C. Goldsmith, a

health care expert for ‘the accounting |

firm of Ernst & Whinney. “If premiums
start increasing by 10% or 12% a year,
the club will come out of the closet.”
The club already is out in some areas,
In Southern California, hospitals in the
last year nominally raised room rates
from 6% to 10%, estimates Thomas M.

Priselac, chief operating officer of Ce- |

dars-Sinai Medical Center in Los Ange-
les. But companies won much lower
prices. “The difference between guoted
rates and the actual amount paid is
growing,” Priselac notes. This may
mean the CPI itself is a bit inflated.
Because of s deregulatory philoso-
phy, the Reagan Administration is un-

likely to try to halt the steep price rise in
~medical costs. “We've pretty much got-

ten our own costs under control,” says a
Health & Human Services Dept. official.
“You hkave to wonder what's going on

T et o TS e

funds, more universities may try to tie | 40% of their revenues, have increased by | out there in-the private sector.”
up w1th corporate backers. - only 4% since 1983, and medicare pay- | By Michael A. Pollock, :mth Vwky Cahan
By Emily T. Smith-in New York | ments to -doctors have been frozen. { in Washmgton -
. — i —
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THE TAKE AT THE TOP

FOR PROFITS

How the most competitive companies around
are "incentivizing” their compensation systems.

BACK IN THE LATE 1960s. SHANNON &
Luchs Co. was just one of & dozer or sc
smnal. real estate brokerage businesses 1o
Washingron. D.C. Iis managers were al
paid in accoréance with the norms of the
industry. and thev received the standard
merii raises and bonuses at the end of each
«~ear. Then. around 197(. the company
Gverhauled its executive compensation
svstem. Ir: addition to their regular salanes,
division heads were given the opportunity
W earn: z percentage (10% to 25%) of the
ne: profits of their respective divisions, ad-
justed for overhead and other expenses.
The result: saies and profits took off. To-
dav. Shannon & Luchs is one of the larges!
and mos: proinable real estate companies
i the United Stzec Company president
Foste; Shannon gives fall credit to the com-
pensation sysiem.

Such tales mayv sound toc good 1o be
true. but they are becuming increasingly
COTMMOE as more ané More companies turn
to ipcentive pay as 2 means of achieving
stralegic obiectives The trend is easily the
hotiest one 1o hit the compensation field
since the cosi-of-living raise. It involves a
whoie difieren: approach 1o compensation,
one that is geared toward achieving furure
objectives, rather than rewarding past per-
formance. Tu date. thousands of business-
es have adopted such svsiems, and those
that try 1t swear by it. Most practitioners
wil! 1l vou tha'—in add:.mn to- l‘ostenns
phenomena. resuits, co

ple wic: make tiy
new sense of.v

porian: changes in the bisiness environ-
ment As miavior. has déchned. compames
have tound it harder 1o ustify the big raises
tha: were commor in the 1970 an6 eariy
‘&5, ané so they have begur searching jor
nsw wavs 1o keep emplovees motivateq.
Ever. more imponiant has been the pres-
sure of increased:-compelition. furving com-
fames 1o become ever more efncxem ant
profitable.

Among the first 10 mov¢ m the directior
6i incentive compensation were the For

BY BRUCE G. POSNER

tune 500 companies A study by Hewitt As-
sociates, in Lincolnshire, Hl.. shows that

-more than 90% of the nation's largest CDZ

panies had short-term incentive pians
early as 1980. These plans made it possible
for participating managers to earn bonuses
totaling 16% to 55% of their base salaries,
given the achievement of certain operating
or financial targets. Since then, thousands
of smaller businesses have set up incentive
plans of their own.

On the surface, at leasl creating an in-
ventive-pay program doesn’t appear to be

_ difficult at all-—provided vou understand
where your company is. and where vou.

want it to be. You have to know, for in-
stance, what vou're shooting for. whether
it's more profitabitity. higher sales. betier
service. As @ wise man said, if vou don't
know where vou're going. the odds are
vou'll wind up somewhere else.

Once vou are clear about your objec-
tives, however. the rest falls into place.
First, you have 10 decide whe o include in
the plan. If vou want to increase profitabili-
ty, for exampie, and if vour business is com-
posed of relatively autonomous operating
units or product areas. vou may well decide
to focus on a handful of key managers-—the
ones with the leverage 1o make sure their
respective units makW®mones. On the other
hand, vou may have a company like Riley
Gear Inc., in North Tonawanda. N.Y.. a $6-
million manufacturer of precision gear sys-
tems, whose success depends on its ability
to deliver quality products on time at com-
pelitive prices. Since every emplm ee plavs
a role in achieving the company's produc-
tivity goals, all 90 of them receive a guarter-
Iv bonus check when targets are met.

Of course, you also have to choose the

performance criteria by which vou'l! hoid

people avcountable. Here. vour dezision is
aimust entirelv a function of vour goal:
Indeed. two identical companies might de-
liberately choose differemt performance

criteria. One. for example. might decide 1

reward nothing but sales growth as awavic
spur aggressive sellmg. while the other
migh* targer profits or guality control. The
latter business would. i effect. be telling
people te say no 10 SUME business opportu-
nives. But each company. in its own way.

* would be encouraging the kind of behavior

it wanted.

Then agair. some companies might want
their empiovees to pav attention to more
thar: one goa’ a! 5 time. For several vears.
Nicolet Instrument Corp.. a Madison, Wis.,
manufacturer of medica and chemical test-
ing equipment. calculaled its management
bonuses using 2 forrulz that took into ac-
count both sales growth and return on as-

" sets. With two important goals to balance,

savs chief executive officer and president
John Krauss. there were no rewards for
]eanmg 100 far in one directibn. Other com-
panies accomplish the same thing by estab-
lishing separate incentive, pmls tied to the
achievement of different objectives.
Whatever measures vou choose, they
must be readilv comprehensible to the em-
plovees they afiect. If employvees don't
know what kind of performance vou are *
trying to encourage—or why il's impor-
tant—thev aren't likely to respond as vou-

-intend. You either have 10 explain what vou

are ryving to accomplish. or choose other
measures. By the same token, the perfor- {
mance criteria must involve aspects of the
business. that the affected emplovees can.
controi and monitor. That means providing
them with the data—monthly sales figures,
production reports, profit siatements—
that will show them how they are doing.

- Within these parameters, however, vou
have alot of flexibilitv. not to mention influ-
ence. You can, indeed, attach incentives to
almost arvthing—and thereby delermine
how managers and emplovees spend their
time and where they focus their attention.

Now. none of this seems particularly dif-
ficult. You choose vour goals. vour people.

- vour performance criteria. What could be

simpler* Well. no: so fast. The problem is
thai. 2t every slage. vou have decisions and
judgments to make, and any one of them
car undermine vour plan.

Consider, for example. the choice of per-
formance criteria. Should vou establish
custom-made targets for individuals. orisi
better 1¢ tie their incentives 1¢ the perfor-
mance of the company as 2 whole? Dyna-
mark. Security Centers Inc.. a $5.5-millior

" franchisor of home security centers and

distributor of security equipment, gives
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Rewarding a company as & ieam

THE INDIVIDU AL INCENTIVE

Tailoring the bonus to the job

. Suppose you had @ company in which
each and every empiovee hac the power
to undermine vour competitive position.
That was the probiem ai Riley Gear Inc..

easure. But Michae! Zisman, chairman
id-chie] executive officer of Soft-Switch

_ in King of Prussia. Pa.. thinks that
" individual incentives are critical 1o the
success of any compensation program

2 maker of precision gears. in North Ton-

 awanda, N.Y. The solunon was 10 create

2 compensation svsiem that gives all 75

. tnanufacturing peopie and the 15 other
employees a significant financial stake n
i - the overal! success of the company.

S8 Last year, his company, an $8-million !
} maker of computer networking software, |
embarked on a program that provides {

FOSEMANE CFeTQ

Michae! Zn special rewards for about one-third of " The system is known as gain-sharing.
Presidem of Soft-Switch's 70 emplovees. President of and it is built around monthly productivity
SoH-Swhoh Inc. The idea, says Zisman. was to encour- Riey Gear Inc. targets. Every order thal comes in to the

L

$6-million business is broken down into g -

. series of productior sieps. which are assigned bourly rates re-

* lated 1o the capabibities of the equiprnent and the complexity of
the work. These rates are then used to create a “blended” .

productivity uarget for the company. The amount that Riley ;

puts into the bonus pool each month depends entirely on the

achievement of the companywide target.. which in turn de-

age key empiovees to focus or individual
obectives that are umportant 10 the overall success of the

" business. To provide the necessary rewards. Soft-Swiich es.

- tablished a bonus poo! based on its achievement of certain

. sales and profit targets. If the targets are met ip fisca) 1887,

' for instance, the company will kick in 20% of the combined
base saiaries of affected emplovees. How thai money gets di-

vided depends partiy on each individual's contribution to the
company's collective success. Last vear, for example, half of
the potential bonus for the vice-president of operations was

pends on the workers meeting. or exceeding: their goals. ‘
In the two vears the system has been in.effect. Riley's hour- -

i) workers have earned 3% to 4% a vear in extra compensa-

! tied to such things as improving customer satisfaction ratings

. and reducing the time reguired to install products. (The other
hali was tied to the overall performance of the business.} Simj-

" lar critenia are applied te many nonline positons as well. A

large chunk of the controller’s bonus, for instance, is linked to

getting monthly reports in on time.

. Zwsmar admits that it's not always easy to define the right

. objectives for jobs. but he argues that, without individual

. goals. some critical tasks wil never become priorites. What's

. more, vou'll alwavs have a hard time differentiating between |

. levels of performance. ang evervone will winé up wnth roughl} |

~ sirnilar rewards. :

tion—over and above the annual increases of 3.3%.provided in-
their three-year union contract. President. Tom Lows thmks .
that bonuses of 8% to 10% a year are well within re
long as the productivity is there.” He's also talkmg
ing nonfinancial rewards, suck as extra vacation .
Of course. there are trade-offs invoivedin: paymgpiannmde
bonuses. “If vou have superb performers, vou can’t really rec-
ognize them.” Lowry notes. Nevertheless, he believes the
benefits of the sysiem outweigh its liabilities. “There’s a lol of .
peer pressure. People know that if we get the cost reductions,
evervone gets something. And they understand it's 2 compeui-
tive markel. and we're all in this together.”

each of its nine kev managers and supervi-

sors a different se1 of performance targets.
The marketing and training manager, for
instance, gets a smal! slice (about 1%) of
sales up to 3 given level. and a smaller per-
ceniage after that. The head of franchise
deve,lupmem. onthe other hand, gets a cut
of the franchise fees and the invemory or-

" dered by new Iranchﬁees. ‘The sm.lclure

of the deals is bas:‘ |
chairmar. Ed* Cusic
his own reponl car

plishment of
Decision Svste
ship. and maintenance: company in. New
York City. the vice-president of finance has
W pet & new general-ledger system up and
Funing in order 1o earn & part of his bonus
for 1986.

Bu: there can be problems with this ap-
proach. First, it takes time and effont ¢
select the right goals. Then there is the
administraive burdern of monitoring - the
periormance of many individuals. But per-
haps most worrisome is the possibility tha:
what's good for & particular individual. or

5& INC./SEPTEMBER 1986

group-of individuals, may be awful for the
business as a whole. .

In the eariv '70s, for instance, Nypro
Inc., now a $65-million plastic injection
molding company in Clinton. Mass., began
1o reward employees for their own individ-
ual output. Some enterprising workers
found ways to speed up production eguip-
ment during their shifts. They refused to

. share their secrets with their colleagues..

however, and the high-speed work under-
mined qualitv. So Nypro was forced 10
switched from individual to group incen-
tives.

Fearing similar probiems, many compa-
nies require a cerain level of overall results
before individual bonuses are paid. “You
can say. if we earn so rmany dolars., or if we
get into the Worid Series. vou'll get a re-
ward.” notes Perer T. Chingos. who heads
the compensation consulting practice at
Peat, Marwick. Mitchell & Co. But finding
the right balance is not easy.

Nor i it easy 10 establish performance
siandards for every job. True. you can set
quotas for salespeopie and determine eff-
ciency ratios for plan: managers. You can

even measure performance i such areas as

quality control: at Sofi-Swilch Inc., a King .
.of Prussia. Pa., software company, the qual-
ity-control manager is rewarded in part on
the basis of results from customer-satisfac-
tion surveys. But what do voi do with a
human-resources manager? Should vou
measure employee turnover? In many
cases, turnover is totally bevond a manag-
er’s control. What's more, if vou do target
turnover, you run the risk of winding up
with unambitious emplovees whose main
viriue is that they don’t like 10 change jobs.

Tc avoid these sorts of decisions. many
CEOs prefer 16 maintain a certain amoun: -
of discretion, over bonusés. In rewarding
vice-presidems and project managers, Jo-
seph Viar takes into account the “degree of
difiiculty™ of the projects they manage. He
could pav strictly on the basis of volume of
business under management, “but differ-
ent jobs rely on different mixes of inside
people, consuliants, and subcontraciors,”
savs Viar, president of Viar & Co., an Alex-
andria, Va.-based consuhing company in
the data-processing area, Thus they re-
quire diflerent amounts of management.
and he compensates accordingiv.

Thern again. vou can't use 1oc much
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; company, and he didr’
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THE HH_L\ TO’\i STOCK INCENTIVE

Ezung vour cake and having 1. toc

How does a private company ge: key em-
piovees 1o iose sleep over the busines:
withou: giving up egulty? Tha: was the

".$6.5-miliior: maker of plastic caps and clo-
sures located in Twinsburg, Ohio. hs so-
. lution: “phantom stock,” an increasingly
- comurion techrmque by which a company

" ness’s value, while keeping the stock in

Al Weathevhead  the original owner's hands. G B Lankzor decisior.
Weatherchem's As founder and chiefl executive officer Nypro's CEC and Created in 196%. when Nypro was a
tounder and CEQ  of the family-owned company, Al Weath- . president s'ruggune &4-mithon business. the plan

erhead knew he wanted to institute some
kind of long-term rewarc system to get his half-dozen key
managers focused or “profitable growth.” Real eguity made
him nervous, however. Among other things, he didn’t know
how long the key peopis would stay around the 65-empiovee
1 look forward to endiess battles over
stock valuation. Upder the phamom program. adopred in Mayv
1982, selected manggers will receive 2 share of the amount by
whick Weatherchem's value appreciates over a five-vear peri-
od. The value is calculaled according 1o a formula that 1akes

" inlo accouni the company's return on assets ané return on

equity, both adiusted {or its cost of capital.
The plar: has encouraged managers to focus or. Weather-
chem’s long- and short-term: objectives. but Weatherhead is
dissatisfied with the formula. “It’s 100 damn complicated. and
it isn't something vou can pound the table over.”

. pany is formulating & new, simpler phantom plar: to take effect

when the first one expires next May. The new formuia, he
says. wil probably be baseC on cumulative profits over a
three-yvear period. Why three vears this time, insiead of the
five vears in the origina} plan® “Five vears,” Weatherhead of-
fers, “just seemed a bit too jong.”

gueston conjronting Weatherchem Inc.. a

i rewards employees for building the busi-

So the com-

RECHARD 1 10WARD
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THE REAL EQUITY INCENTIVLE
When nothing else wilj do

Few owners of smal: companies reilsr.
the idea of laking ob Whelr emplovees as
partners an¢ minority sharehoiders, bu:

_ that was not the case with Gordon B.
Lankion, president and chief executive
officer of Nvpro Inc., a highly successfu’
piastic injection-molding company in Chn-
ton, Mass. He inaugurated the company’'s
unusual stock bonus program 17 vears
ago, and he has never regretted the

— was designed 1o encourage empiovee
comrnitmen: and achievement by making equity available to

" peopie throughout the company. Eigibility is based on 2 for-

muiz tha! takes in1o account three factores: length of service,
salary level, and job performance. Every vear, empioyees re-
ceive points in each category. If an individual scores 20 points
or better, he or she can receive a special equity bonus.

The equity takes the form of rea! stock. The program i not

i an emplovee stock ownership plan and uses none of the 1ax

. advantages associated with ESOPs. Nor does Lankion view

- phantom equity as a viable allernative in a company like his. “1
" want [the stock] to feel real.” he says. *You can expiain phan-
" tom stock to people who are finansaliv sophisticated, but it

can be incredibly confusing 1o evervone else.”

As Nyvpro has growr—toeday. it is 3 $65-miliion company
with 1.200 employees—some 9G emplovees, about half of
them nonmanagers, have become shareholders. Meanwhile.
the value of the stock (measured by book value) has shot from
83.50 a share ir. 196% 1o $25 last vear. Tc discourage empioy- -
ees from ieaving. Nvpro requires deparung shareholders w
seli their stock back 1¢ the company over a peried of 5 10 10
vears—thereby minimizing the impact on Nypro's cash flow.

R s

discreuon in awarding bonuses without un-
dermining vour incentive program. if the

principal basis for cumpensation is the.

boss’s whim. the only real incentive is to
stay or his good side.

A1 this point, vou stl] have to decide how
muchk. money vou should dish ou! in the
form of incentives. It car't be 50 much as to
-imperi] the business—by getling in the way
of meeting deb! service paymems, for ex-
ample—yet it has te.be enough to atrract
employees” atlention. As a rule of thumb.
mos! compensation experts advise that you
make avaiizble incentive bonuses of at Jeast
10% ¢ 15% over bage §alaries. Emplovees
will iend 1o repard -Smalier bonuses as
“ups.” which may motivate them 1 work a
liztic harder anc "smarter.” bu: no” enough
¢ ustify the efior and expense of estab-
hishing an elaboraie incentive sysiem.

Ther there's the related 1ssue of select-
ing the right performance levels —3 critical
part of the process. If the targets are too
hogh.. peopic may give up. Hthev're 1ooiow,
VOU M3y ERCOUTage people to tahe 1 easy.
Wha: hapylers for example. If vou surpass
the target midway through the vear?

And what if vou sei target leveis tha

B Y e i
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inadveriently wind up penglizing vour bes:
emplovees? That's more or less what har-
pened at The Myers Group Inc.. a freigh:

forwarder with 65 offices around the coun-
try. For several vears. the company paic
out bonuses according to a formula that re-

" warded peopie annually for profit improve-

ments at their individua) branches. The for-
mula was designed 1o motivate those who
worked at the least efficient locations, and
that it did. But 11 provided little incentive for
employvees assigned to the most proftable
branches. Moreover, the svsiem became
less andless effecuve over ume. The better
an office dic one vear. the harder it was tc
receive a bonus the next. People grumbied.
and so the company, based in Rouses Point,
eventualiy scrapped the formulz.
Now incentives are Lied 16 the overal, prof-
itability of each office and of the company.
Once vou have settled on performance
leveis and crireriz. you stil! have to decide
how ofien peopie wili be rewardet —arn as-
pect of incentive compensation that 1s ofter.
overlooked. Afrer all. the real! 1est of any
incentive program is its adilny 1o keep pec-

pie focuzed o company objectives Annual
bonuses are traditonal. and relatively easy

1 administer, but can emplovees siay fo-
cused on targets for a whole vear? Gordon
Lankion of Nypro. the plastic molding com-
pany, doest’t think so. His company pays
its productivity bonuses on a guarterly ba-
si¢ because “a vear can feel like a long
time,"” he sayvs. To make sure that everyvone
notices. Nvpro ever uses speciai profit-
sharing checks with a picture of George
Washington in the center and “'profit-shar-
ing" prinied across the top.

On the other hand. quarteri: bonuses car
be extremely impracucal from a company’s
perspective. Not only does it take adminis-
trative effori. but it demands an ability to
forecas: with precisior. anc to anucipate
cash-fiow needs. Recently, an ar-freight
company paid put subsiantial incentive be-
nuses ai the end of one quarier. onlviv hita
drv period the next. It hastily revamped ns
guarterly incentive program. Now nonman-
agers getl bonus checks after each profx'-
able quarter, bu! managers don’t recene
theirs untii annual results are ir..

‘Se. ¥ vou Inok hard enough. there are
soiutions to all these polentiz’ probiems.
The bad news is that. once you've come up
with & viabie short-lerm incenuve plan, vou
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Tnere are no real shorcuts 10 creating
ar effecuve \ncentive compensation sys-
tem.. No matter how you approach i, vou

THE COPYCAT METHOD
One strategy is 10 adapt somebody else’s
plan 10 vour own circumstances and
neede. It's partcuiarly appealing if the
other company is similar to vours, and if
its system has worked well,
Thar was the case with Nicolet lnstru-

ment Corp., which developed its plar
. back in 1981 afier chief executive officer
" John Krause-saw ar afticle in the Har-
" vard Business Review about the incentive

compensauor. program: a: 4nalog De-

THE CONSULTANT ROUTE

Another siralegy is to hire a specialisi 10

; design vour compensation program for

" vou. Trat's & natura’ impulse. and con-
sultants do have much to offer in the way

~ of advice and experience. Bu: many have
worked only with large companies. which -

i does not help them in understanding an¢
soiving the compensauon problems of
smalier companies.

James Bernsieir learned that lessor
the hard way wher he brough? in a well-

" known consuling firm to design an in-
cenuve pian for his $4.5-millior. health
risk-management firm, General Bealth

" Inc.. based ir Washingion. D.C. He want.

STRATL"—.; R

s INCENTIVE
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COMPENSATION

- wnZ inepiration. but the answers are all close to home.

s: have i¢ ash, and answer. dozens of
diffizul wuesuong abow vour goals. vour
peopie. anc vour business. It helps. how-

vices Inc. As it happened. Analog had
management and operating structures

. strikingly simiiar to Nicoiet's. So Krauss

copied Analog’s incentive Compensaton
program, and it worked effectively for

" several vears,

There are pitfalls in the copyca: ap-
proach. however. To begin with. nc two
companies have jdentical cost structures:
ii vour costs are higher than those of the
COMpany You'Te Copving. vou may be

ed a compensation svstem tha: would en-
courage emplovees to focus on sales vol-
ume 2nd buiid@ng market share. With that
mandate. the consyltant produced an
elaborare plan under which all 80 em-
piovees could earn handsome bonuses
by meetng individual and company ob-

. Jecuves. “The consultamt gave me his

" best advice.” says Bernstein. “It sound-
ed just terrific.” Unfortunately, it wasn'L

* Not ondy did the sysiem demand hours

upon hours of management time 1o re-
view each emplovee's objectives. but it
also completely overloocked the cumpa-
ny's need 10 change direction and shift

THE TAKE-YOUR-LUMPS APPROACH

- may also find consulants who can help

' vou think through vour company's

* needs. But don’t expect anvone to under-
' stand your company as well as vou do.

Bernstein's experience illustrates a fup.
. Gamental fact of incentive compensation;
* suoner or later, vou have to develop
. YOUI OWT sysiem. There are no blue-
prints. and Lhere are no ovtside cures.
" You may discover some interesting fea-
tures in other companies’ programs. You

f

“There’s no substtute for sitting
down, locking yourself in a room, and
thinking about what's really important to

ever, to have 2 strategy for dedling with
these guestions. There are essentially
three td choose from:

stimulating behavior that vou can't af-

- ford. Nor can vou assume that the other

" plan.”

company's market position or goals are

the same as yours. If they aren’t, the . ;
performance criteris are habletobe off L
as well. “Copving another incentive '
says one consullant, *is like trying

i to learn Jimmy Connors’s backhand

when vou don’t have his serve.” It may

" work: ther again, it may throw every-
thing out of whack.

peopie around on short notice. Objec-
uves that made perfect sense one week
were outdated the next.

Within a year, Genera! Health
scrapped the consultant'’s incentive pro-
gram and installed a simpler one de-
signed by Bernstein himsel. Dispensing
with individual goals for everyone but:
salespeople, the new system rewards:
emplovees for meeting quarterly profit
objectives. It takes a lot less lime 10 ad-

- miusier, notes-Bernsiein, and vet it's
- enough to send the message that “every-
. one needs to put their shoulder to the .

1"

wheel.

- your business.” says Bernstein. “Other-
* wise vou'll end up with a cookie-cutler

approach thai was designed for the com-
pany next door.” 5o, n the end, most
companies wind up developing their
compensation programs the old-fash-
ioned way—Dby doing it themselves. |

still have to condront the issue of long-term
incentives—the kinds of rewards that en-
sure ‘emplovees stay focused on a compa-

s objectives over the ior ‘haul._ Thase

kmds of incentives can be jut
as the guarteriv and annyal’s
more $o. and the jssues mv
thorny. Should vou give
or stock options. or some 1Stit
such as “phantom equity"?'In a pfivate
company, how much information shouid
voureveal? How should the vaiue be deter-
mineé? Wno shoui¢ vou include in the plan?
How ¢fier: should vou make awards. ané a
what level? Shouid vou pay dividends? How
car peopie cash out? The list goes on and
or. I efieci, you have ic siart al over
afain. deciding wha: kind of behavior vou
Wil 16 encocrage, ang why.

Anc. as thev sav orn Jate-night television.
THAT'S NOT ALL! You also have 10 be
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prepared 1o change vour plan (or plans) at
least every couple of years. Why? Because
companies change, markets change, people

.¢hange. objectives change. Even the best

plans aren1 good forever. Some need to be
rejiggered every vear—adjusting the per-
formance criteria. including other people.
and so on. From time t¢ time. moreover,
vou may have 1o scrap the whoie svsiem

_ and start again.

Consider Nicole! Instrumenis. which re-
cently has beer forced to resiructure Ims
Program in response 6 a slowdown in e
markel. The original sysiem rewarded

managers accoring 10 the performance of

individual product groups. It worked fine.
says CEOQ Krause. wher the company was
smaller, anc growing at 25% 1¢.30% z vear.
Bu: now the growth has leveied off. and the
old rules don't apply.

Incentive compensatior: takes an enor-

mous amount of time and effort. It also re-
Quires that vou think strategically about
your business. that you provide significant
rewards for performance. and that vou be
wiling tc share a lot of informatior with
vour emplovees. The systems that work
bes: are the ones with clear obiectives that
peopie can understang and clear incentives
tha: they car ioliou I{ vou can' provide
those things. or don't want 16, vou might as
wel save voursell the trouble. Incentive
CUTpSTSFU0N 18 N6t {or vou.

There's univ one probiem with that aru-
tude. The evidence is overwhelming tha 3
welldes:mned incentive system can have a
maio: impact on & company’s performance.
giving it a new comipeitive edge. So if vou
dos't set one up. vou rur the risk that vour
competitors will,

Iri fact. it could be that the company pass-
ing you on the rnight already has one. —



: H(m the most eompetmve compames amund
are "incentivizing” their compensation systems.

BACK IN THE LATE 1960s. SHANNON &
Luchs Co. was jusi one of & dozer or s¢ -

smali real estate brokerage businesses
Weshinpon, D.C. Ite managers were al;
paid in wccordance with the norms of the
industry. and they received the standard
mer: razses and bonuses at the end of each
~ear.-Then. around 1970, the company
¢verhauled its executive. compensation
svstem: In addition Lo their regular salaries,
division heads were given the opportunity

0 earn 2 percentage (10% 10°25%) of the -

net profits of their respective divisions. ad-
justed for overhead and other expenses,

“The result: saies and profits took off. To-'

dav, Shannon & Luche is one of the largest
and mos: profitable real estaté companies
in the United States Company presidemt
Foste: Shannon gives full credit to the com-
pensation system.

Such tales max sound .toc good to be:
true. but they are becoming increasingly

COMmMOoN as Mmore and more companies 1urn:

10 incentive pav as 2 means of achieving
strategic objectives The trend is easily the

hotiest one 10 hit the compensatior: field

since the cost-of-living raise. It involves a
whole differen? approach to compensation.

one that i+ peared towurd achieving future
objectives, rather than rewarding past per-

formance. To date. thousands of business-

es have adopted such sysiems, and those: .

that iry r swear b
will 1el} vou: tha

havetound it harder {o] :ust

new: Ways 1o, keep. empimees motivated:

Ever. more imporiant has been the pre‘--

sure of increased competition. furving comm

panies 1o become ever more efﬁc:em anc.

profitable.

Among the first to move m the girectiorn

of inceniive compensation were the For

. TESpective units m;

- tems, whose success depends on its abi
1o deliver: quality products on time ar ¢om- -
'petmve prices. Since every emplmee plays.

@ role'in achieving the company’s produc- .
: 1ivity'goals, all 90 of themreceive a quarters:

tha! were common it the 1970s anc earh. i
"&(ts, andso the\ have begur -aearchmg for-
© criteris:

Tiberately. chuose d:ﬁexem performa

. mightiarpet profiis.or quality control: Th

people losay ne 1o some business opport
nities. But each company. in-its own way,

BY BRUCE G. POSNER

tune 500 companies. A study by Hewint As-
sociates, in Lincoinshire, 1., shows that
more than 90% of the nation's largest co:
panies had short-term incentive plans
early as 1980. These plans made it possible
for participating managers to earn bonuses
totabng 16% 1o 55% of their base salaries.
given the achievement of certain operating.

or financial targets. Since then, thousands.

of smaller businesses have set up incentive.
plans of their own.
On the surface, at ieast. creating an-ip-

-centive-pay program doesn't appear to.be:
difficult at all—provided vou understand:
where your cumpany is. ‘and where vou-._-

want: it 1o be. Yoy have to know: for ifi-

stance. what you're shooting for, uhezherj.__ .3
it's more proﬁtabnl-n higher sales, better - .
service. As a wise. man said, if. vou don't-
know where vou're going. the odds are-..

you'll wind up somewhere else.

" Once you are- clear about vour objecs iy
‘tives. houever the rest falls into placei 1a
First, you have to decide whe to include in- - int
.the plan: )f vou want 10 increase profitabili~
ty, for example, andif vour businessis com-- -
posed of relatively. autonomous operating. . t
unitEor product areas. voumay well decide:
to focus on a handful of-key. managers—-ahe

ones with: the leverage to make sure th

' noney. On the othi
hand; vou mayv have a company like Rilex:
Gear Inc.. in North Tonawanda, N.Y.. a §

millior: manufacturer of precision gear's

bonus check when targets are met.

‘One. for example, might decide
reward nothing bigs gales g"mnh asawavl
spirr aggretswe ee!lmg while the- oth

latter business would: it effect. be tellin

Of course, you alsc have to chuose the .
--,perfom‘ance criteria b\' \rhlch vou'l. hoié:

would be encouraging the kind of behavior:

it wanted. :
Then again. sume companies might want -

their emplovees 10 pay atiention to more

" than one goa. &t a time. For several years,

Nicolet Instrument Corp., a Madison, Wis.,
manufacturer of medical and chemical test-
ing eqmpmem -calculated. it nagement -

urage—-or whv it's xmpm'
en'tlikelyto respond as you

that:will show émhow thm are. dmng
Within-these parameters, however, you

* have adot. of flexibility, not-to mention infiu-
_ence. You can, indeed, attach incentives to

almost anythin, -;and thereby: détermine
-how managers and emplovees. spend their
time and where they focus their atiention.
Now: noneof. th:s seems pamculari\‘ dif-
ﬁx.ul'. You chioose:vour: goals. vour peaple.
vou' peﬂnv nce. cmena “hat could be

v as @ uho]e’ Dyna- -
‘ s Inc.. a $5. S-mxlhon.:
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G- of anv compensation program,
: Last year, his company, an $8-million
& IR embarked on a program that provides
" Michgel Zisman  special rewards for about one-third of
President of Soft-Switch’s 70 empliovees,
SoH-Switch Inc. The idea, says Zisman, was 10 encour-

age key employees 10 focus ok individual
‘ ob,;ecnve- that are important to the overali success of the

" business. To provide the necessary rewards, Soft-Switch es-

- tablished a bonus poo! based on its achievement of certain

. sales and profit targets. If the rargets are met in fisca) 1087,

' for instance, the company will kick in 20% of the combined
base sajaries of affected emplovees. How that money gets di-
vided depends partly on each individual’s contribution to the
company's collective success. Last vear, for exampie, half of
the potential bonus for the vice-president of operations was

' tied 10 such things as improving customer satisfaction ratings

. and reducing the time required to instail products. (The other

* hali-was tied to the overall performance of the business.) Simi-

" lar criteria are applied to-many nonline positions as well. A,
large chunk of the comroller s bonus, for i mstance, is hnked to.
getting monthly reports in on time.
~ Zisman admits that it's not always easy 10 deﬁne the nght
. objectives for jobs, but he argues that. withour individua). -
. goals. some critical tasks wil; never become priorities. What's-
- more, vou'll always have 2 hard time differentiating between.
* Jevels of performance. and everyone wil wmd up vmhroughl;
- similar rewards. .

Suppose vou had a company in whick:

. each and every emplovee kad the power

- to undermine vour competitive position.
 That was the probiem at Rilev Gear Inc..

. a maker of precisior; gears. in North Ton-

‘ awanda, N.Y. The soluuor was to create

a cornpensation sysierm tha gives all 75

« manufacturing people and the 15 other = |
¥ emplovees a significant financial stake I mn
“-theoveral!sum=ofthecompan; ‘

oo tan

n The system is known as gain-sharing.
President of and i1 is built around monthly productivity
. ey Gear Inc.  targets. Every order that comes in to the

: $6-miliion business is broken downintea
. series of producuor steps. which are assigned hourly rates re- -
lated 1o the capabilities of the equipment and the complexity of

" | the work. These rates are then used to create a “blended”

- productivity target for the company. The amount that Riley
“puts into the bonis.pool-eack month depends entirely on the
" achievement of the companywide target. which i

: pends on the workers: meeting. or exceedin;
N lnthetwoyearsthe system has been:iefl
ly workers have earned 3% 10 4% 2 v

| ‘peer pressure. People knoi@'that if we: get the cost reducnons 7
1 BVEryone gets s on'ie!hmg And they. understanc‘. itsa compeu-
| tive marltet. and we're ali i in this. together

each of its nine key managers and supervi- group of mdmduals. may. he awfu! fo the - quality- cqntml.zm-Soft-Switch Inc..aKing
sors a different set of performance targets. busmess gs Py whole : -' of Prussia. Pa., software company, the qual- !

The marketing and training manager, for:
. instance, gers » small slice (about-1%) of
sales up to a given ievel. and a smaller per- ..
centage afier that. The hea anchise
devejopmem, on-the other.h;
. of the franchise fees a d 1

But lhere can be problems .
proact. First it takes time-and ;
select the right goals. Then: there»ls the"
administrative burden of monitoring. the-
periormance of many individuals. But per-
haps most worrisome is the possibility.that

~ what's. good i’or L) pammiar mdn-udual. or.
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m-comrol manager is rewarded in part on
- the basis of results from customer-satisfac-
jon surveys. But what do you do with 2
UiNian-resources ‘manager? Should vou
measure’ empioyee turnover? In many
cases, turnover is 1otally beyond a manag-
er’s-control.. What's more, il vou do target
.turnever, vou run the risk of winding up
. with unambitious employees whose main
 vintue js that they don't like to change jobs.

To avoid these sorts of decisions, many
- CEO« prefer 1o maintain a certain amoun:
<. of discretion. over bonuses. In rewarding
© L Vice- presiden 5. and proiec: maﬂagers. JO-
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TOM SIMON

¢ Company get kev er-
sleep over the business

1 equity? That was the
ting Weatherchem Inc.. a
maker of plastic caps and clo-
winsburg, Ohio. Its so-

. “ph stock,” an increasingly

. common technique by which a company
rewanjs employees for building the busi-

| ness’s value, while keeping the stock in

the original owner's hands.
Weastherchem's As founder and chief executive officer
founder and CEQ  of the family-owned company, Al Weath-

- : — erhead knew he wanted to institute some
kind of long-ierm reward system to get his half-dozen key

" managers focused on “profitable growth.” Real equity made

" him pervous, however. Among other things, he didn’t know
- how Jong the kev peopie would stay around the 65-emplovee

company, and he didn't look forward to endiess batties over

‘stock valuation. Under the phamotr program. adopied in May

1982, selected managers wili receive a share of the amount by
which Weatherchem's value appreciates.over a five-vear peri-
od. The value is calculated according to & formula that takes

" Imo accouni the company's return on assets and returm on
eguity, both adjusted for its cost of capital.

The plan has encouraged managers to focus on “eather-

" chem's long- and short-term chjectives. but Weatherhead is
+ dissatisfied with.the formula. “It’s 100 damn complicale¢ and
© it 1s0't something voir can pound the table over.” So the com-

~ when the first one expires next May. The new formula, he

says. wili probably-be based on cumulativée profits over a'

: t.h.ree-\ear period: Why three vears this time, instead of the

five vears in the original plan® “Fy ve vears." “eatherhead of-
l‘ers. “just seemed:a bit too long '

" NCHARD 1 HOWARD

Few owners of smali coinpanies refist.
the idea of taking on thelr emplovees as
partners and minority sharehoiders. bu:
that was not the case with Gordon B.
Lankwon, president and chief executive
 officer of Nvpro Inc., a ighly successfui
piastic injection-molding company in Clin-
ton, _Mass. He inaugurated the company’s. ..
unusual stock bonus program 17 vears
ago, and he has never regrettzd the
decision.

Created in. 196%. when !\aypro was a
- strugpling $4-million business, the plan
— e ———  wat designed 1 encourage emplovee
commitmen: and achievement by making equirty available to
people throughout the company. Eligibility is based on 2 for-
mulz thar takes imo account three factors: length of service,

i salary level, and job performance. Every vear, employees re-

i an employee stock ownership plan and:use
. advantages associated with ESOPs. N

- phantom equity as a viable aliernative
* want [the stock] to feel real,” he says.
" tom stock to people who are financially

) ;o * with 1,200 empioyvees—-some 90 empli
. pany is formulating 2 new.; simpler phantom plan to take effect

cejve points in each caegory. I an individual scores 20 points
or better, he or she can receive 2 sped.faj i
The equity 1akes the form of real stogk

carr be incredibly confusing 1o evervon
As Nvpro has grown-—today, it is 2 865

them nonmanagers. have Gecome share}mlders
the value of the stock { measured by book value) has shot from

. $3.50 3 share in 1969 10:$25 1ast vear. To discourage empioy-
~ ees from Jeaving, Nypro requires depaning shareholders to
- sel! their stock-back to the company over a period of Sto I

vears—thereby minimizing the impact on Nypro's cash flow.

discretion in awardmg bonuses without un--
dermining your incentive program. If the
principal basis for compensation: is the:
whim: the only real mcenuve is w0

boss’s
stay on his good side. -

At this point, vou stili have to declde;
much money vou should dish: oug in.
form of incentives. It can't heso i

1o justify the eff
lishins an eiabor

ing the nght 'perfbhna'nce- Ie\:ﬂ_ :
part of Lhe pro\.es I the arge

the tarpet m:cm ay tl;rqug_h the vear?: -
And what if you set target levels 1k

'- inadvenéntl‘\ wind up penalizing your bes:

employees? That's more or less what hag-~

. pened at. The Myers Group In¢., a freight

forwarder with 65 offices around the coin-

‘try. For: several vears, the: company paig -
-out hohuses

ccording to a formula that re-
warded people annually for profit improve-
ments at their individual branches The for-

muls was des:gned to.motivate those who

worked at the least efficient Jocations, and
hatirdid. But it provided little incentive for

employees: assngned to the most profitable
"branches. Moreover, the system became
Jessandless effective pver time. The befter

office didione vear, the harder it was ¢
eceive & bonus the next. People grumbied.
"ﬁ so the company, basedin Rouses Pomt

) eriooaedi' Afrer ah t.he real iest of am.'
incentive program is ité ability to keep pec-
- ple facused on.company obnemv_es Annua
‘bonuses aretraditional. and relativeiy easy-

to. administer. but can emplovees sty fo-
cused on targets for a2 whole vear? Gordon: _

-Lankton of Nvpro, the piastic molding com-

pany, doesn" think sa. His' company pays
its-productivity bonuses on a quarterly ba-
sis -because “s year can feel like a long
time,” he savs. To make sure thal evervone
notices, Nvpro ever uvses speciai profit-

_sharing.checks with a: picture of George

“ashmglon in the center and “profit-shar-.
ing”" printed across the top.

Onithe other hand, quarteriy bonuses cat
be extremely impracuca! from a company’s
perspective. Not only does it take adminis-
traiive effornt. but i demands an ability to
forecast. with precisior and to ancipate
casti-flow needs. Recently, an air-freight
company paid out- subsiantial incentive bo-
nusesatthe end of one quarier, oniy 1o hita
drv periodithe next. It hastily revamped s
quanerl\ centive program. Now nonman-

- agers:ge bonus checks after each profu-

er. byl managers don’t receive
until annual results are in.

' vou look hatd enough there are
soliilions-to all these potenua. probiems.
The bad news is that. once vou've come up

- wn.h a \r:able shon-lenn incentive plan, you
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- You can look outsice

e

There are no.real shofiéut!
arn efiecuve infefitive’c

One strategy is to adapt somehod) eise’s
plan 1o vour own circumstances and.
needs. It's particulariv appealing if the
other company is similar to yours, and if
its system has worked well.
Thar was the case with Nicolet Instru-

ment Corp., which developed its plar
. back in 198] afier chief executive officer
" John Krause saw an article in the Har-
" vard Business Review about the incentive

coinpensauot prograrm at Analog De-

- THE CONSULTANT ROUTE

* Another sirategy is 10 hire a specialist o

- design’ vour compensation program for

i you. That's a natura! impulse. and con-

. sultants do have much to offer in the way
of advice and experience, But many have
worked only with large companies. which -

! does not hejp them n undersmndxﬁg ang

" soiving the compensation problems of

. smalier companies.

James Bernsieir. jearned that lesson
the hard way when he brought in 2 well-
known consulting firm to design an in-
cenuve pian for his $4.5-million health
risk—-rnanagement firm, Genera: Health

" Inc.. based in Washingon. D.C. He want-

P

< i INCENTIVE COMPENSATION

RS

.- wnt ipiraton. but the answers are all close to home.

s:ii have 10 ask. and answer. qozens of
difficul: yuesuons about vour goals. vour
peopie. anc vour business. 1t helps. how-

vices Inc. As it happened. Analog had
management and operalng struciures

. strikingly similar to Nocolet's. So Krauss

copied Analog's incentive compensation
program, and it worked effectvely for

- several vears.

There are pitfalls in the copvca: ap-
proack, however, To begin with. nc two

- companies have jdentical cost structures:

if vour costs are higher than those of the
company vou're copving. vou may be

ed & compensation svsiem that wouid en-

_ courage emplovees to focus on sales vol-

ume and building market share. With that
mangate. the consultant produced an
elsborate plan under which all 80 em-
plovees could earn handsome bonuses
by meeting individual and company ob-

. jectives. “The consultam gave me his
" bes: advice.” says Bernstein. "It sound-

ed just terrific.” Unfortunately, it wasn'L.

- Not only did the sysiem demand hours

upon hours of management time 10 re-

© view each emplovee’s objectives. but it

also completely overlooked the compa-
py's need to change direction and shift

THE TAKE-YOUR-LUMPS APPROACH

Bernsiein's experience illustrites a fun-
. damentd fact of incentive compensation:
sooner or later. vou have to develop
. your owr svsiem. There are no blue-
. . prints. and there are no outside cures.
" You may discover some interesting fea-
tures in other companies’ programs. You

- may also find consultants uho can help

" you think through your company's

" needs. But-don't expect anyone to under-
| stand vour company as well as vou do.

“There’s no substitute for sitting

' down. locking yourself in a room, and

thinking about what's reallv important to

ever. 10 have a strategy for dedling with
these guestions. There are essentially
three 10 choose from:

stimulating behavior that vou can't af-

- ford. Nor can you assume that the other
- company s market position or goals are

|

" work: ther again, it may throw every-
© thing out of whack.

i

! the same as yours. If they aren’t, the

i as well. “Copying another incentive - i
;. plan.” says one consultant, “is like trving
: to learn Jimmy Connors’s backhand

performance criteris are habietobe off |

when you don't have his serve.” it may

; people around on short notice. Objec-

! tives that made perfect sense one week

were outdated the next. -

Within a year, General Health
scrapped the consultant’sincentive pro-
gram and installed a simplérope de-.. -
signed by Bernstein himself.. Dispent

saiespeople, the new system reuar
emplovees for meeting qqgnerl\ proff!
objectives. It takes a lot less time:10 3g-:
minister, notes-Bernsiein, and vet it's

- enough to send the message tha! “every-
: one peeds to put the:r shoulder 16 the .
" wheel” '

vour business.” savs Bernstein. “Other-
wise vou'll end up with a cookie-cutrer

appreach that was designed for the com- . B}
pany next door.” So, in‘the end, most
companies wind up developing their :
compensation programs the old-fash- i
ioned way—Dby doing it themselves. §

still have to confron: the issue of bngterm
incentives—the kinds of rev.ards that en-
surr: emplovees siay focused: ; :

ob;ecmes ov

or stock options. or 501
such as “phantom. equt
company. how much infor
vou reveal? How should the vajue be deter-
mined? Wno should you include in the pian®
How often should vou make awards, ang a
what leve!® Snould vou pav dividends? How
can people cash out? The list goes on an¢
on. In effeci, vou have to start ali over
again, deciding what kind of behavior vou
Wan G encograge. and why.

And. as they say or late-night television,
THAT'S NOT ALL! You aisc have 10 be
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prepared to change vour plan (or plans) at

least évery couple of years. Why? Because

mpanies change, markets change, people
lange. objecnves change. Even the best
aren’t good forever. Some need to be

‘Tejiggered every vear—adjusting the per-
.fofmance criteria. including other people.

50 ok, From time to ume. moreover,
“may have to scrap the whole system
¢ start again.

Consiger Nicole! Instruments. uhscr; re

cently has beern forced 1o restructure Its

Prugram. in response 16 a-slowdows in ite
markel. The original sysiem rewarded
managers according 10 the periormance of
individuai product groups. It worked fine,
savs CEQ Krauss, wher, the company was
smaller, and growing at 25% t¢.30% 2 vear.
But now the growth has leveied off. and the
old rules don't apply.

Incemive compensation takes an enor-

mous amount of time and effort. It also re-
quires that you think strategicaliv about
your busiress, that you provide significant
rewards for performance. and that vou be
willing 1¢ share a lot of information with
vour empiovees. The svsiems that work
best are the ones with clear obiectives that
people can undersiand and ciear incentives
tha: they can foliow. If vou can’t provide -

" those things. or don't want 10, vou might as

wel save vourself the troubie. Incentive

...pnnsamm is'not for vou.

There's only one probiem with that arti-
twdé:. The evidence is overwhelming that a
well-designed incentive system can have a
major impact of.  company’s performance.
giving it a new competitive edge, So if you
G5t set.one up. vou run the rigk that your
competitors will.

In fact. it could be that the company | pas=—
ing vou on the righs already has one. —
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Clash of the tltans

After steel, motor cars cor'sumer electron:cs and cheap ITIICI’O-
chips, Japan has begun to challenge American pre-eminence in,
the one industrial area the United States has long cherished as -
its own: high technology. The two are girding up for atrade war.in -
high-tech that-threatens to be bloodier than anything yet.
Nicholas Valéry reports on the' strengths dnd weaknesses of the

two technolog:cal superpowers -

The recent movié " Guna Ho™ getsalot ot' :
“laughs out of the many misunderstand-"
ings that ensue when a Japanese car firm-

moves into a sad little 1own in Pennsyj-
vania. Stereotypes abound: dedicated
Japanese managers putting in- double
shifts. lazy American loudmouths stowing
down the assemblyv line—with the lucals
winning a basebal! maich between the

two sides only through bru!e force and

intimidation.

All good clean fun, ln real l;fe. howey- -

er. American workers—despite the popu-
lar: myth—remain the most productive in
~ the world-{se¢ the feature on the next
page). In terms of real gross domestic
" product (GDP) generated per employed
person. the United States outstrips all
. major industrial countries, Japan includ-
ed (chart 1). The problem for Americans
is that the rest: of the world has been
catching up. In the decade from the first
oil shock to 1483,
productivity in the United States had
heen roughlv a seventh of those of its
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increases in annual-

e -

rnd]or trading pdrtners
In the 1960s. American companies he[d

- all the technological high cards and domi- -

nated the worlds markets for manufac--
:ured goods. The United States supplied

"~ 21% in 196010 14% .
@ The American trade balance go from a
* surpius of 35 billion tn 1960 10 a deficit of

-

-:3( -

5

- over three- -guariers of h: Leiﬂuuon sets,
 hali the motor cury #nd & quarteriof the

steel used around the world. Yet, a mere.
two decades later. Japan. had iaken
America’s piace as the domunant suppiier
of such products.

The agony for Amencans doss poi end

there. Qver the past 28 yeans l'ne\ have

seen: .
® Their share of world trade fal! from
in 1983, i

$130 billion last vear. .
‘& More worryingly still. the coun!r\ s
_trade balance in manufactured goods shp

“from a healthy surplus of $11 billion as
_.recently as 1981 to a deficit of $32 billion
last. vear—-—approachmg 1% of America’s.
. total cutput. - '
* @ The volume. of its manufac:unng ex-
ports rumbile 32% over the past five

vears—with every $1 billion of expons

_ lost costing an estlmated 25, 000‘ Amen—

can jobs.

- Angry and confused, busmessmen in
the United atates have had 1o stand by
and watch as “smokestack™
around them hias been snuffed out. Then
"came the unihinkable: if the Japanese

could thrash them in mainstream manu- -

facturing. would they give thema maulmg
in high technology. too? -

By the beginning of the 1980s, it began
to look as if they would. It became clear:

that the Mmlstrv of International Trade . -
. - and Industry (MITI) in Tokyo hiad “target-
~ ed" not just semiconductors and comput-

ers but all of America’s high technology.
industries—from acrospace to svnthefic
materials—for a blitzkrieg attack.

Six years on, .Iapan has scored some
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Amencans work every b as hard -as
 tand oftsn a lot harder
nese—and  generate .preperuoately
mors weallll In N Drocess. 10z average
outpu? of Amencan WOTKers jast vear
was $36.800. The Japanese eaunaient
" was $22.500 (a0 an average 1985 ex-
change rate of Y220 10 the doliar).

But labour praductivine 1s only half the
story. The amaun: ¢ camital apphied 10 a
worker's elhow is cruczi. toc. The radi-
tiona: definition of progustivity teuput
per hour of aii workers: makes it di
te¢ measurs these inputs sepurately.
True. the defimtion refiects ali the fac-
-tors that contribute 10 nsing output~—
from advances in technology.
uilisation of capaciny. wnprovements in
the way production i3 organisec and
sharper managsment. to haraer efforts
by the workers themselves as well as the
impact of changes in the amount of
capital emploved.

bour Statistics introduced a vardstick
called multifactor productivity. This
shows the changes in the amount of
capital as well as labour used in produc-

»ver to the e/oow

tharsethe Japa-

better .

In 1983, the American Bureau of La-’

ton. Reworking its data fo. 19\0-8~ me
bureau found that muiuiasior productiv-
iy 1 the United Staies increasec at-an

_averags ‘annual rate of 1.7% for the
penod. As ouipul per hour over. the
same period increased by an annual
2.5% . caputal procuclivity mcned up by
oniv a moaest (.8% a vear.

Overall. America's multifactor pro-
duztivity has shown two distiner trends
over lae pas: .':‘5_v=ars,. Up il the first oil
shock of ‘9" ne couatry experienced
an annual 2% mmmdctcr gromh then
an anpuat averag: of only 0.1% from
1973 1c 195i. The posi-OPEC sicwdown
seems to have resuited from high interest

" rates keeping the brakes on capital
spending. while more people were hav-
Ing work jonger hours 10 hang on to
therr jobs, -

How did the Japanese fare? The. dnv—
ing jorce behind the Japanese économy -
over the past 25 vears has been the high
growth in capital input. Mr Dale Jorgen-
son and his colicagues at Harvard Uni-

* versity reckon it has been roughly double -
that in the United Siates. Growth rales
in labour productivity have been much

‘the growth n Japanese productivity out.

- that Detroit spent on new plant and

the same for the two countnas. Al toid,

siripped. nat in the United States unril
1870, when proaucuviry growth began o
slow dramazically' it Jupan: Thereafier,
with  Vietnam behinc it and rwo gil
shocks anead. the Amencan economy
flexed its muscies and coped more effee-
tively. Then the competitive advantage
started to move back in America’s
favour. . '

The interesting thing is what has hap- -
pened since the last recession. Multifac-
tor productiviry in the United S:a:es has
beer runmng ai an average of 5% a year,
whiie the growthin labour proauctmt} is
now averaging nearly 4% a vear. That
means that producm'm of capital em-
ploved is now growing at well over 6% a,
vear

“ Could this be the first. sngns of the
productivity pay-off from the $80 billion

equipment over the past half dozen
vears; the combined (additional) $i80
billion invested by the airlines since
dereguiation, telecommunications firms
since the AT&T consent decree and the
Pentagon since President Reagan's de-
fence build-up began in 1980" It looks
remarkably l:ke lt. -

v -

notable hits. A group of American econo-
mists and engineers met for three days at
Stanford University. California. last vear
10 assess the damage”. Theyv concluded
that Japanese manufacturers were al-
ready ahead in consumer electronics, ad-
vanced materials and robotics. and were
emerging as America’s fiercest competi-
tars in such lucrative areas as computers,
telecommunications. home and office
automation, bictechnoiogy and medical
instruments. “In other areas in which
Americans still hold the lead. such as
semiconductors and  optoelectronics,

" American companies are hearing the

footsteps of the Japanese”. commented
the Stanford economist Mr Daniel
Okimoto.

How loud will those footsteps become?
American industry may have been deafin
the past, but it certainly isn’t any more.
And never forget that Americans are a
proud and energetic peopie. More to the
point, they are prone to periodic bouts of

“honest seif-reflection—as if, throughout
_their two centuries of nationhood, they

have been impelled forward by a “kick up
the backside™ theory of history.

Once every couple of decades, Ameni-
ca has received a short and painful blow

to its sel{-esleem;_Pea(l H;rbour,'Sput- :

*Symposium on . Economics and. Technology
held at Stanford University, March 17-19 1985.
Now published as “*The Positive Sum Strategy:
Harnessing  Technology for  Economic
Growth™ by Nanonal Academy Press, Wash-
II'IEIO]'I. BC.

nik, \’1emam are recent examples What .

follows then is usually a brief and heart-
searching debate along with a detailed

. anaiysis of the probiem. then an awesome
display of industrial muscle coupled with

unexpected consensus between old adver-
saries—most notably between Congress
business and labour." .

With ‘its ceaseless shlpments of cam-
eras, cars, television sets, video record-
ers, photocoplers computers and micro~
chips, Japan unwittingly supplied the
latest kick up the broad American but-

tocks. After witnessing Japanese export-

ers almost single-handedly reduce Pitts-
burgh's steel industry to a smouldering
heap, drive Detroit into a ditch. butcher
some of the weaker commodity microchip

‘makers of Silicon Valley, and threaten

America’s remaining bastions of techno-
logical clout—aircraft and computers—
then, and ﬁnally then, Amencan lelhdrgy
ceased, .

This survey tries 1o assess the strengths

and weaknesses of the world's two lech-_

nological superpowers. For if the past.

decade has seen some of the ugliest
recrimination between Washington and
Tokyo over trade issues generally, imag-
ine what the coming decade must have in
store. Henceforth, industrial competition

between America and Japan is going to-
" range fiercely along the high-tech fron-.

tier—where both countries take a special
pride in their industrial skills and cherish
sacred beliefs about their innate
abilities, . - - Cn

The question that ult:mately has to be

answered is whether America is going to

. atlow the Japanese 1o carry on nibbling

away at its industrial base without let,
hindrance or concession? Or are the
Americans (as some bystanders have be-
gun to suspect) “‘about to take the Japa-
Dese apart’™?

With the gloves now off which of the
two :echnologlcal heavyweights should
ope put some money on? In the blue
corner, Yankee.ingenuity? In the red,
J apanese producuon savvy"

Copycat turns Ieader?

Is Japan still a technologscal free-!oader-—or has it become a pacesetter m’
high tech” :

"

America may sull have the largest share
of high technology exports, but Japan is
catching up fast. It skipped smartly past
West Germany to become the second

largest supplier of high-tech goods in 1980

-

R AR R = . Do : L &

Tu

high-tech  industries—communications

and electronics, office automation. and:
ordnance—have American companies in-

creased the:r market shdre
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(chart i on nest page). Only in three-
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The Japanese know they do not have a
chance in fieids that are either defence-
related (for example. weapons. aircraft,
satellites and avionics) or 100 dependent
on imported energy-or raw materials (like
petrochemicals). But they see everything
else as up for grabs. Even in lasers,
software and computer-integrated engi-
neering—where American pre-eminence
was long thought unassailable-—the Japa-
nese have beﬂun to make inroads:

Who would have thought it possible a
decade zgo? Of the 500 breakihroughs in
technology considered seminai during the
two decades between 1933 and 1973. only

5% (some 34 inventions} were made in.
Japan compared with 63% (315 inven-,

tions) in the United States. Despite its
large. well-educated population, Japan
has won only four Nobel prizes in science:
American researchers have won 158. Tt is

not hard to see why lapan has been’

considered more an imitator than
innovator. _
Stanford University’s Mr Daniel Oki-

moto lists half a dozen reasons for Jdpdn's

lack of technologlcal onzmaim in the .

Dast:

3. As an industrial latecomer, it has al-
ways been trying to catch up.

¢ The Jdpanese tendency towards group
conformity has made it difficult to win a
hearing at home for radical ideas.

¢ Research in Jupanese universities is
bureaucratic. starved of cash dnd domi-.

nated by old men.
@ The ‘enture-capital market.is almost
non-existent.

® Lifetime employment, dl'or;g with a

rigid seniority system, stifles innovation.

inside industry. :
® And the lradmonal heavy gearing
(high debt-to-equity ratio) of much of
Japanese industry has made firms think
twice ahout taking risks.

All these things—and more—have
been true to some extent in the past; but
all are alo changing. The deregulation of
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Tokve's fizznciai markets, for jasiance. &
forcing Jjapanese companies 1o reduce
their levels of debt isee accompanving
feature on next page). This. in turn. is

making them more adventurous, whiie at © .
" the same ume heining ferment a number

of venture-capiia: funds.
Japan's “invisibie™ bBalance of techno-
jogical wradé (its receipts compared with

~pavments for patent rovalties. licences.

etc) which had a ratio of

dezudses ugr came within & whisker of
being in raiance last vear. That said.
Jupan still buyvs ns hign-tech poods and
knowhow predominantiv in the West and
selis them mdlﬂh to the developing
worid.

‘In cerain industries. however, Japa-
nese manuiacturers have aiready started
bumping their haads against the ceiling of
current knowhow. There are no more
high-tech secrets 1o be garnered from
abroad in fibre optics for telecommunica-
tions, gallium arsenide memory chips for
superfast computers. numericallv-con-
trolled machine tools and robots. and
computer disk-drives. printers and mag-
netic storage media. In all these, Japan

1:47 a couple of

now leads the world. Today. Japanese-

language word processors represent the
cutting edge of high-1ech in Jupan—tak-
ing over the technological (but hardly
export-leading) role that colour television
playeG earlier (chart 3).

Although it is no Ionger quite the

_technoloflcal free-loader it was in the

past. is Japan's new reputation as a pace-
setter in high-tech justified? A new image

has certdm]\ emerged over the past few '

vears of Japan as an invincible Goliath.

capable of vanquishing any rival, what-
. ever the field. Yesterday. the smokestack

A , _
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seciors. Today. high technology. Tomor-
TOW,  Services. “Which is the ‘real’
Japan?™ asks Mr Okimoto: '

Is it a technological imitator and industrial

over-achiever? Or is Japan an astute leurner
and unbeatable  colossus? Wil Japan dis-,

lodge the United States from its current .

position of dominance in high technology as
convincingly as it did in the smokestack
sectors? Or has it reached the limits of ns’
phenomenal postwar growth"

Japan is all these thmqs and more. And to
understand what the futuré holds, and
whether America is up against a David or

a Goliath, means looking closely at the
frontiers of modemn electronics. For the

country that commands the three most .
crucial technologies of all—semiconduc-

tors, computing and communications—

will most assuredly command the mighti-

est industrial bandwagon of the twenty- '
first century.

Made in the USA

Just as Japan has begun 10 muscle into high-lech, America has raised the
technologlcal stakes. The name of the game now is uitra-tech - :

High technology is an American inven-
tion. Despite the near melidown at Three
Mile Island, broken helicopters in the

~ Iranian desert and recent disasters on the

launch pad. Americans remain the su-
preme practitioners_of this demanding

and arcane art. And while the United

States has racked up large deficits on its
international trading account, it has en-
joyed growing surpluses in its worldwide
sales of high-tech goods. Or, rather, it did
so until recently. Once azain blame the
Japanese.

Five years ago, Amenca sold the world
$23.6 billion more technological widgets

than it bought. That handy surplus had .

dwindled. says America’s Depaniment of
Commerce. to a token 33 billion by 1984
(chart 7 on later page). Meanwhile, for-

- eigners had grabhed lhree-quurters of the
“world’s current %300 billion in high-tech

trade. In the process, Japan has gone

from being a small-time tinkerer in the - -

1960s to becoming {as in everything else) .

the Avis of htgh technoiogy to America’s

Hertz.

Even so, trade in high- technofugy'
goods remains 2 crucial breadwinner for
the United States. Since the mid-1%960s,
high-tech’s share of American manufac-
tured goods sold around the world has
gone frqm a litdle over a quarter to close
to a half;. .

Office automauon is now America's
most competitive high-tech industry as
well as its biggest revenue-earner abroad.
Selling its truding partners computers,
copiers and word processors brought in

e mten by s
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. workers had’ increasea

Crymg all the way to the bank

——t
One thing Amemans nan.—itamed 15
that havmz the worid's most nroauctwe
labour force goes not guarantee maustri-

R T ¥ W

., al compentiveness. Al least three other;

things are needed. The first is to keep a
1id on wages. Tne second concerns ex-
~Change_rates.
return on capita! emploved. All three
have Deer seer iately as spanners in the
American works. . _

Take wages. Dunmng the ten veass
before 1973. real wages for American
steadily at an
average rate of 2.6% -a vear. But ever
-since the first oil shock. real wages in the
United States have siagnated. So Ameri-.
can labour is becommg more compeu—
tive. ves?

Unforrunately no. “nen iringe benc-
fits are incfuded. hourly compensation

for blue-collar workers in the United

States has continued to rise. American

‘labour has sensibly been 1aking raises _
less in cash than kind. Total compensa- *
tion for American industrial workers-—a -

modest $6.30 an hour in 1975—had
-climbed to $9.80 an hour by 1980 and 0
$12.40 by 1983.

Cornpdred with Japan, hourh labour
costs in America went from being on
averuge a littie over $3 more expensive

in 1973 to becoming neariv 36 mare so by

1983 (chart 4). So much for narrowing
the $1.904) gap between making @ motor
car in Nagova compared with Detroit.

Ah. ves. but hasn't the doliar tumbled
dramatically? It has indeed—from a 1983
high of over Y260 to the dollarto a low
this year of Y130 or so. In rade-weight-
ed terms, that represents a drop for the
dollar of 28% in 15 months, Meanwhiie,
the trade-weighted value of the yen has
appreciated by over 40%.

What about differences between
America and Japan in terms of return on
capital? Here things are actually better
than most American businessmen imag-
ine. True. real rates of return earned by
American manufacturiag assets in the

[@ Hourly earnings of workers
- inmanufacturing indusiries - 5

S md o A

D‘lm.
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The third involves the
“* ~Todayv's most cited account comes’

*T from 13% 1o 20%

incluaing fnnge benehts Sperhr
L wrs 12
i

1960% were subsiantialiv higher than in-

vestments ir: ftnancial insiruments. wittle
things werez briefiy the other wav round
during the eariy 198(s (chart 6;. On the

hface of it. capital for buving equipment

or buiiding factories seems twice as ex-
pensive in "America as i J aparn.

fram M7 CGreorgs Harsonouios of Thermo
Eiectron Comoratron i Massachusetts.
Comnaring the cost of (non-financiail
capital 1n the two countries berween 1961
and ‘1983, Mr Hatsopouios found real
pre-tax rates ranged berween 6% and
..10% ior lapanese firms and anything
for their American
countarTarts.

The com zntional e\plananon for this
difierence iz that Japanese firms are

““more hightv geared (leveraged) and thus

benefit because debt generally costs Iess

" than equiry—interest pavments being

deducted from pre-tax profits. while div-
idends come out of taxed earnings.

en there is Japan’s

rate structure. which is carefully regulat-

_ed to favour business debt at the expense-

of consumer credit. Throw in a banking
sysiem 1hat is bursting at the seams with

e -

two-tier interest .

ven being squirrelled away by house- -

wives worried about school fees. rainy
days and the ever-present threat of their
husband’s early (and often unpensioned)
redrement. All of which. sav American
trade officials. adds up to a financial
advantage that makeés it tough for Amer-
ican firms to compete.

"What is studiously ignored in the fi-
nancial folklore about Japan Inc is the
fact that, over the past decade. Jdpanese
manufacturers have been getting out of
debt as fast as decently possible (see the
survey on corporate finance in The
Economist. June 7 1986). The mosi.com-
pelling reason right now is because To-
kyo's financial markets have joined the
fashionable trend towards liberalisation.
With oid controls over the mosement of
capital going out of the window. Japa-

{3} § frade-weighted exchange rate
— 1980-22%100

s gl

ety

P S I A

nese interest rates are destined to be->=

come more voiatiiz. $0 who wants toche
highly geared when interes: rates are

rising  ©Of  (WoIse) Dﬂcumxng iess
predictable? - .. ¥ -

B ynied Stares: 25
ronlrate of returnon %
manutacturing assetd -

i
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Another thing Japanese manufacmr-

ers resent about some of these allegedly "

cheap industrial loans are the strings and
hidden costs involved. The most punish-
ing are the so-called “"compensating bal-
ances™ which a borrower has to deposit
(at a considerably lower interest rate)

with the bank offering the indusirial -
-loan. And so he has to bhorrow mure

money—at higher cost and with greater
restrictions—than he actually needs.
Yet another thing that. muddies the

water is the way debt in Japanese bal- -

ance sheets is grossly overstated by west-

‘ern standards. For one thing. the com-

pensating balances. though thev are
actuallv deposits, are recorded as bor-

rowings. Then there is the habit Japa- -

nese companies have of doing much of
their business on credit. especially with
suppliers and subsidiaries. This makes

their accounts pavable and receivable

look huge—in fact, twice as large as in
America. .

Other factors inflating debt among at
feust the bigger Japanese companties are
things like non-taxable resenves for spe-
cial contingencies and (if they pay them)

pensions. The tast time figures were .

collected in Japan (in 1981). emplovees

in large corporations with established - .

retirement plans were divvving up 13-

.20% of their companies’ capital through

their pension contributions. All of which
showed up i in their corporate accounts as
debt. -

All that said. Japaneie companies are
on halance more highly geared than

. American- corporations: and. overall,

the-cost of financing industry has been
lower im Japan than in the United States.
But at most only 20% lower. and nothing

grued W Germany France vE5  7 ?5 B0 85 fike the 0% lawer claimed by lobbyists
Saurce US Deoartmant of Latou. Buresu of Labou: Stafisiics. 1984 Source DRI in America.
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How high is the high in highadech? Diffi-
cult 10 say. Mosi economsts ai ieas!
agree tnat high 1ecnn0OI0gY Progucts em-
'boa\ ar TabDove averuge ™ concemiration
of scientific and engineening skiils. As far
as the Nanonai Stience Foundation in
Washinzion is concerned. fhis means

nvrhmg produced by organisations em-
pioving 23 or more scienusts ané engi-
neers per 1.KK: ernpiovess and spending
over 2.3%. of net satas 05 R&D.

tion of high-tech is derivec from input-
output analvses of the totai R&D spent on

criticism., First. such a definition focuses
entirely on products. ignoring the hoom-

1
The American Department of. Com---‘ 2 Eiectromcs and

merce is & bit more scientiiic. lts defini- -

Technoiogy s top ten

products manuiacrured by large conpa—‘
nues ratheT than smai: irms. '
Trrd. bezause tne gara come of ne-

- cessiny irom broad industriai categories,
anomalies crop up—like cuckoo clocks
being labelied nigh-tech because they fall

_ Table 1: Product range

‘been renaered itreievant by technologi- -

withir the éighth- 'ank:ns srous proies-
Sl\‘I‘d.l instruments.

Fourth. ana perhars most damning.
the Commerc: Dezpartment’s definition
is bascd on Swndaré incustnai Classifi- .
cation {$1C) codes-—many Of which have

cal changes that have occurred since the
SIC codes were last overhauied in 1972,

R - . S e

HIGH-TECH SECTOR
Missies ang ssacesratt

_ leiecoms

P, -

a spectrum of individual products. Thus - 3 Aireraft and parts Commercial aircraft. fighters. bombers. heh..omers.
m of ! . ‘ I

an aircraft gers credit for not only the 4 Office autor‘!alion. L g;f;itg:g'?:;fi:fm: cevices, siorans o

R&D done v deveioping the airframe, - ' [y i *ags vevice!

bul{)alsontifleI reievant contribution of the ' - : aesk calcuialors. gupicaung machines, pars

avionics supplier and even the tyre mak- 5 Ordnance and accessories .Non-military arms, hunting and sporting - =~ .-

er. Using this definition. high-tech indus- " ammunition, blasting and percussion caps

try is a ranking of the len most “re- § Drugs anc medicines Vitamins, antibiotics. hormones, vaccines

search-intensive”” sectors, where the 7 Inorganic chemicals Nitrogen. sodium hydroxide. rare gases, . * - -

tenth has at least douhle the R&D intensi- - - - inorganic bigmente, radioactive isotopes and

tv of manufacturing generally (table 1). . ) o comagunas. special nuciear materials

" A Iaudable efiort. bul not without 8 Protessionai and scientific Industriai process controis. optical instrumeants

instruments

EXAMPLES OF PRODULCTS

Rocre: engines; saiglnes anz pans

Telepnone andtelegranh avparatus. radio and Tv'
recening ang oroadcas: esuwomsnt. teiecoms
enuuoment sonar and oine: insruments. Semi-
conductors, tape recorders ~

and ienses. navigational instruments, medicat
instruments, ohotographic equipment -~ -

e ik

.

. e w -&— . - -.A .

s

Generator sets. diesel engines, non-automotiva -
petrol engines, gas turbines, water turbines ST S

Various chemicals derived from condensation;

8 Engines. tur blnas and pans

R T
FORTES R

ing business in high-tech processes—
and, increasingly. high-tech services as

well, Second., it favours systems (that is, - 10 Plastics. rubber and.

synthetic fibres

s r—————— S — 5 o

collections of interdependent compo-
nents) over individual widgets. as weli as

copolymerisation: synthelic resins and fibres

$20 billion in 1984. Along with aircraft,
electronics and professional instruments,
these “big four™ account for more than
three-quarters of the United States’ ex-
ports of high technology (table 2). De-
spite the popular myth, America exports.
only modest amounts of missiles and
acrospace products. But fears that for-
eigners may eventually storm even the
high frontier of aerospace keep Washing-
ton officials awake at night..

Of the ten industrial sectors designated
high-tech (see feature above), America

a host of brainy technological-based busi-
nesses scattered around the West Coast,
Rockies, Sunbelt, Mid- Atlantic and New
England.

A common cry in Washlnglon is that

' this “narrowing” of America’s high-tech

base is one of the most disturbing prob-
lems facing the Uniied States today. Oth-
ers see this trend as more or less inevita-
ble-—and perhaps even to be eficouraged.

Trade ministers in Western Europe, for
instance, only wish they had such *prob-

Genera] Electric, Texas Instruments and

A e T
underlymg technologies that have come
to drive the_comput_mg office automation
and communications industries. All three
provide the tools for handling informa-

_tion; and information—its collation, stoz-

polvcondensation. polyaddition, polymerisation and ' g
i

- - . . . ‘

age, processing, transmission and use }

§

elsewhere—will. quite literally, be the oil

of the twenty-first century (see the survey -

on information technology in The Econo-
mist, July 12 1986) _

All that noisy- jostling going on right
now between the IBMS, Xeroxs-and AT&TS
of the corporate world is merely. the

has managed to increase its share of the lems” Japanese bureaucrats are doing all I E _ L
global market in only two: office automa-  they can to create similar “problems” In retreat L
ticn and electronics. For which. it shouid back hiome. s
thank the likes of 1M, Hewlett-Packard, ~ The reason is simple. These so-called ustr ade balances son ||
Digital Equipment, Xerox, ITT, RCA, ‘“‘problems” concern a focusing of all the - + |
Table 2: High-tech exports in 1984 _ °
High-tech sector Americanexports ~  : - Others' exports® '
_ Value % of total - Value % of total

Office automation $19.7bn 24 - $6.5bn 14.5 4s0
Electronics & lelecoms $14.4bn - 220. 7.7 $53.8bn 294 . o Il
Aircraft and parts - $13.5bn 207 -, $15.4bn - 84 " wmumem High tachnology ;
Profess'l instruments $7.2bn IR A ¥ I $27.0bn 14.7 | me= Manutscturing
Plastics, rubber, etc. $4.46n 6.7 _ - $26.5bn - 14.5 dioo
Inorganic chemicals $3.5bn 54 . $10.9bn 6.0 L il [T TN il | B
Engines and turbines $3.2bn 49 £10.7bn 597 %" = Vo
Drugs and medicines g$2.7bn 4.1 $10.7bn 59 - - -
Missiles and spacacraft - $1.0bn 1.5 $0.6bn 0.3 - : i
Ordnancea $0.8bn 1.3 $0.7bn 4 Laosa s lasn L_I e le e 150 j'

1965 70 75 80 as !
O e 14 othet countries {apart from Ameeca) expomng h:gh-recrgm Frman Wesf Germany, Japan and Batain ‘accourted
far pvee-Guaters of 17:a irade. Sowce US Cesartmem of Sommerce
Source US Depatmen: of Commerca. . . . )
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‘clatter of thes: Inres IMIUSIMED (EIICTE
feach WER 18 OWR GsHnsive sTvie oi
manufactunag. Drmur—'m“n and cusiom-
er support being forga ogether by thetr
un::ﬂrl\lnr' te:hnolocn-s 1,.10 a singie. ul-

acuviy uahec :morr:

tra-12ch
S2rvICes.

ves. bevond iigh-tech in the industrial
specirum lies uftra-tech—today- a mere

Chips with'e'verythin'g'

ne cays when American semiconductor firms short- snghtedly sold '

Gone are t

multibiliion-daliar siripiing of @ business,

pui ov the vear (KA poienzaiiy e iriivon-
doliar lévizihan. As such. it ra-tech

azlone will coms 1o dwarf alj manufactur-
inc sectors before the century is out.

Amenica is weli op.the way 10 making that
happer.. A lap or twe behind. Japan. at
ieast is getting up speed Europe is barel}
in the race.

e

their ilcences and knowhow 1o Jaganese mucrocmp makers

America’s eiectronics firms have main-
tained their global leadership in all

branches of thair business save one, They
kissed goodbve 1o consumer electronics
(teievisiorn.. hi-fi. videe recorders. ewch as

customers across the country voied with
their pockets for shiny boxes with flzshing
lights and labels like Panasonic. Technics,
Jvc and Sony. _ _
~ The Amencan electrorucs industry
came close to ailowing much the same to
happen in microchips. In 1982. Silicon
Valley took a caning when the Japanese
started fiooding the market with cheap
64k RaMs (random-access memory chips

capable of storing over 64.000 bits of

computer data). Most beat a hasty retreat
up or out of the market.
From having a dozen mass producers of

dynamic-RAMs in 1980, only five Ameri-

can chip makers were still in the high-
volume memory business by 1983. Today,
there are effectively only two or three
with the capacity to produce the latest
generation of memory chips (1 megabit
RAMS) in anything like economic vol-
umes. Meanwhile. the six Japanese firms
that plunged into the memory-chip busi-
ness back in the early 1970s are still
around—and now have a 70% share of
the dynamic-RAaM market in America.
M;crochlps have been the engine
powering Japan's drive into high- tech
generally. But before it could join the
microchip generation, Japan had to find
a way of disseminating this vital Ameri-
can technology throughout its fledgling
" semiconductor industry. The trick
adopted was, first, to protect the home

market, and then to bully abler firms’

into joining government-sponsored re-
search schemes—one run by the Japa-
nese telephone authority NTT and the
other by the Ministry. of International
Trade and Industry—to develop the
knowhow for making their own very
larpe-scale integrated (visi) circuits.
Next, by “*blessing” vLsI as the wave of
the future and crucial to Japan's survival,
the government ln_.,,gered a scramble
among the country’s electronics firms
(encouraged by their long-term invest-
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ment banks} t0 build VLs] p{ants. The net

result was massive over-capacity (first in
64k Rams and then in 256k versions),
azbundan: loca! supply for the domestic
consumer electronics makers and an im-
peiling urgency to export (or dump) sur-
plus microchips abroad.

This targeting ploy had been tried be-
fore. Japanese manufacturers found it

worked moderately well with steel. much
berter with motorcvcles. better still with
consumer eiectronics and best of all with
semiconductors. The only requirement
was a steeply falling “learning ‘curve™
(that is, rapidly reducing unit costs as
production volume builds up and manu-
facturers learn how to squeeze v.aste out
of the process).

The trick was slmpl} to devise a for-
ward-pricing strategy that allowed Japa-
nese manufacturers to capture all the new

growth that their below-cost pricing cre-
-ated in export markets, while underwrit-

ing the negative cashflow by cross-subsi-
dies and higher prices back home.

The Americans finally fost their pa-
tience when the Japanese tried to do a

repeat performance with pricier memory

————— .

~ Street map for 2 microchip circuit

T T e ey

HIGH TECHNOLOGY Su=3vivy

chips calied EPROMS. The pnee iell from
$i7 cach when the Japanese first entered
the American marke: with their EPROM
chips early in 1985 10 less than $4 six
months later. Intel. National Semicon-
ductor - and: Advanced Micrc Devices
promptly fiied a jont petivon. accusing
the Japanese of dumping EPROMSs Or: thc
American market at below their manu+
facturing costs in Japan (then estimated
to be $6.30 apiece). The issue is currently
being used by Washington as a battering
ram to.breach the wali japan has erected-
around its own 3& bililon semiconductor
market back home.

For America, this get-tough policy has
come only just in time. Japan now enjovs
a 27% share (to America’s 64%) of the
world's $42 billion semiconductor mar-
ket. And while cut-throat competition
may make memon chips a loss-ieader,

‘acquiring the technology for producing

RAMs has given Japan's microcircuit mak-
ersa Ieg—up in getting to grips with more
complex semiconductors used in comput:

. er graphics, commumcanons and video -

equipment. . o =
So far, however, it has not helped

Japanese chip makers to loosen the stran- -

glehold that American semiconductor
firms have on the lucrative microproces-
sor business, Where. 256k rRaMs have
become commodity products that sell
wholesale for $1 or so each, 32-bit micro-
processors from the likes of Motorola,
Intei, National Semiconductor, Texas In-
struments, AT&T and Zilog cost hundreds
‘of dollars apiece. Between them, these six
American chip makers control 90% of the
worid market for the latest generation of
‘microprocessors, leaving just 10% for the
rest of the American semiconductor m-
dustry. Europe and Japan.

Fortunately for the Amencans, m:cro-
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" laws making it difficult 1o 1m1:ate Ameri-

12 SURVEY HIGH TECHNOLOGY

m’o::sno'c are no: ke mﬂmon m’hD'-
Teompuier-on-a- chin”.
they are vastiy more comptex and cannoi
be designed in any routiné manner.
Sweat. insight and inspranon are needed
every step of the way. And they have 10

be demgned with tneir sofrware applica-
tions in mind. -Americans have been do-
ing this longer. and are better at 1. Lhan

.anyone else.

More to the point. American ﬁrrr's are
not parting with their paten:s as readily as
they did in the past. Hiwachi has been
trying {with littie iuck} 1o persuade Mo-

" torola 10 sell it a licence for making its

advanced 68020 microprocessor. Mean-
while, Japan’s leading electronics firm,
NEC, is having to defend itself in the
American .courts for iniringing one of
Intel’s microprocessor patenis.

With America’s new. siricier copyright

- -'-n

can designs. Japanese chir makers are
hemng shur out of all the major markets
for microprocessors. Fujitsu. Matsusnita,
Musupisii and Toshiba are ali gambiing
on a microprocessor design calied TRON
developed at the Univérsin of Tokvo.
But nobody. leds: of ali N2C or Hitachi.

" holds out much hope for the TRON design

winning 2 big enough share of the market
in its own right 1o be economic—at ieast,
not until the mid-1990s. And. by then,
Silicon Valiey will have upped the icchno~
logical stakes again.
V\rnen late at mgh
gets down to honne {brass tacks), even’
Japan’s ablest microchip wizards despair
at ever matching Silicon Vallev's mix of
entrepreneurial and innovative flair. “Ja-
pan is powerful in oniv one sub-fieid of 2
single apolication of semiconductors tied

1o a specific iine of products™. bemoans

Mr Atsushi Asada of Sharp Corporation.

- ,,‘l::-q,‘

:Calculusofcompetltion

Aping 1sm has given Japan's computer makers a toe hold m the market-—-but

largely on Big Biue’ s terms g

America’s reSponse to Japan's challenge-

in microchips is being repeated in com-

puters. Here, Japan's specialty has been
making workalike copies of IBM's big
office machines (mainframes). The most
one can say about these *'plug-compati-
ble” computers is that they have managed
to prevent [BM from swamping the Japa-
nese home market completely. Big Blue

Japan. Overall, however, Japanese com-
patibles have had only a marginal impact

on the $150 billion computer business -

worldwide.

Amenican manufacturers have estab-
lished an almost impregnable position in
mainframes and minicomputers—the
stuff of corporate sales and accounting
departments. And in the push to put a
microcomputer on every desk, a handful
of American firms (1BM, Compaq, Apple,
Atari and Commodore) have been feed-
ing the market a feast of cleverer, faster
and (in many cases) cheaper machines
that have left Japan's “iBMulators™ nib-
bling on the leftovers of yesterday's
lunch. In the personal-computer market,
the 18M clone makers having the most
impact come mazinly from low-cost South
Korea and Taiwan rather than Japan,

Meanwhile, in developing the pro-
grams that make computers tick, Ameri-
can software engineers have been every
bit as clever as their chip-designing col-
leagues in Silicon Valley. In the process,
they have increased their share of the
world’s software market {worth $40 bil-
liona 3car) from under 65% a decade ago

- t0 over 75% today.

All this does nbt mean J apan's' comput-

er industry is a write-off. Its component
suppliers have quietly established a signif-
icant position for themselves in the Unit-
ed States and elsewhere. In personal
computers, for instance, Japanese ma-
chines account for less than 2% of the $14
billion annual sales of pCs in America.

- But Japanese components and peripher-
has to put up with being number two in - als (chips, disk-drives, keyboards, moni-

tors, printers, etc) account for nearly 30%
of the market's wholesale value.
Most of Japan's computer makers came

2 cropper by riding a bit too blindly on

IBM’s coal-tails. Lacking the home-grown
programming skills, Fujitsu, Hitachi and
Mitsubishi made their computers imitate
IBM’s so they couid sell cheaper versions

the ccmversanon -

¢ cusiomers who were aircady using [1BM
machunes equipped With e necessary

sofrware. That worked well untij the
slumpering giant woke up. | .
Then. in 176, 1BM introduced it its 4300

series computers at 3 prce that shook not
just rival Japanese . makers. but: other

American suppliers t0o. Since then; IBM's,

-aggressive price-cutting and frequent
madel changes have made life muzb for
the plug-companble trade.

Not only is IBM automatmu vigorously
(the company is spending $15 billion over
the next four vears to achieve lower

~ production costs than anyone in Asia), ..

but it has aiso begun flexing its techno-
logical muscles. Its R&D expenditure is
now running at $3.5 billion a vear—more
than all other computer manufacturers
combined. Though for antizrus: reasons it

will never say so publicly. IBM is neverthe- -

less determined to trampie the plug-com-
patible makers down—both in thé per-
sonal-computer end of the business as

well as among its mainframe competitors.

One of the dodges being adopted is to
incorporate more “microcode™ in its
computers” operating sysiems (the basic
programs that manage a machine’s inter-
nal housekeeping and support the cus-
tomers’ applications software). Used as
an offensive weapon. microcode repiaccs
parts of the computer's electrical circuit-

. 1y, making it possible to change the whole

character of 2 machine long after it has
been installed at a customer’s prermises.
The implication is that 1BM can then sell

products ‘that can be continuously en-

hanced—somethmg customers appreciate
and wiil pay a prermum for.

Starting with its 3081 series in 1981, 1BM -

caught the competition off guard with a
new internal structure called xa (“ex-

tended architecture™) which allows cus-

tomers to update their machines with

packets of microcode whenever 1BM de--

crees the market needs a shake-up. This
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nas tprows the nratibic makers
or the astznsive. foroing nem 10 dgevole
more of iheir daveiopment resources than
tney can aford o irving W@ _anpicipate

ipn's next round of operannz system.

cnanges and to Y to match thé with
hurriedly cnameered modifications 1o
their hardware. That invoives digging
ever aeeper into their profit margins.

America’s other computer firms are

also pushing this trend towards replacing
hardware with softrware wherever possi-
ble. Writing and *‘debugging”
grams now account for 3(-80° of their
budgets for déveloping new computers.
Two reasons. then, why American com-
puter executives are smiling:
® At a stroke. the trend towards greater
vse of software belps neutrzlisé the one

great advantdge their Japanes¢ competi-

tors have long possessed—namely. the
abilitv to manufacture well-made me-
chanical components at a modest price.

@ And it changes the business of manu-.

facturing computers from being heavily
capital-intensive to becoming more brain-
intensive. The large pooi of experienced
programmers and diverse sofrware firms
in the United States puts the advantagc
fArmly in American bands.

The Japanese response has been to

launch another government-sponsored
scheme, this time to heip the country’s
computer makers invent “intelligent”
machines for tomorrow. The ten-year
fifth-generation project, based largely on
“dataflow” concepts pioneered at Mass-
achusetts Institute of Technology, will
have cost $450m by the time it is complet-
ed in 1992. The aim is to create computers
abie to infer answers from rough informa-

tion presented to them visually or orally. .

Even Japanese scientists working on the
project are not sure whether such goals
are realistic.

The Americans are not leavmg any-

thing 10 chance, Congress has been per-

suaded to relax the antitrust rules so that
rival manufacturers can collaborate on
advanced reseurch without running foul
of the law. Two of the first collaborative
research institutions to spring up aim to
maich anyv challenge the Japanese might
offer in computing. software and compo-

nents for the 1990s. In one, the Semicon-

ductor Research Corporation, 13 micro-
chip companies have clubbed together to
form a non-profit consortium for support-
ing research on advanced integrated cir-
cuits at American universities. The con-
sortium is now doling out $33m a year to
designers of tomorrow's microchips.

The other institution, the Microelec-
tronics and Computer Technology Cor-
poration (MCC), is an interesting expeti-
ment in its own night. Set up as a joint
venture in 1983 by initially ten (now 21)
rval American compuier and semicon-
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1he pro-,
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Sucior companies. MCC fias 250 RIEnnSE
ATy 1nt‘ ou' ragadren al I nL.d.......a.'(“T‘
in Austn. Texas. to the tune of $73m 2
vear. Whart is for sure. savs Mr Bobby
Inman. MOC's chief executive and former
depurtv director of the Cia.*
have occurred excep: for MITL.”

Bu: the most orchestrated response of
all to the Japanese chailenge in comput-
ing comes not from 18M. Sibcon Valley or

‘coliaborative consortia of American chip

makers and compyter firms. Thougk it is-
raraiy in it public headiines. the Penta-
gon hizs been pouring barreis of cash into
computing. Its Defence Advanced Re-
search Projects Agency (DARPA) in
Washington has been plaving busy mid-
wife to some of the most exotit technol-

ogy of all for computers. communications

and eiectronic equipment generally. -
Its vHSIC {very high-speed iniegrated
circuit) project alone has pumped $300m

_over the past five vears into advanced

methods for making the superchips need-
ed for radar, missiles. code-breaking and
futuristic computers. Alse earmarked for
DARPA is a reporied 81 billion for spon-
soring a range of supercomputers which,
say insiders, “will outperform anything
the Japanese can develop under their

MCCuoulun i
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fifth-generanan programme.

At least @ -dozen “fifth-generanon
baspers”
iects around the United States. mainiy in
university laboratonss. bu: aisc in small

have surfaced as rescdr..h oro-

stari-up compames founds¢ by academ- "

Aics. enireprensurs and enmnesting emi-
_ grés from the mainframe computer indis-

trv. The iatest supercomputer to go public

{the prototype was shipped lasi vear to

the American navy) is a cluster of boxesa

vard square capable of caicuiating over a
biliion instructions per second (the Japa-
nese¢ government hopes t¢ have a similar
grevhound of a computer by 1992). The
group that built it spun off mainiv from
nearby Massachusetts Institute of Tech-
nology o form their own company,
Thinking Machines. The firm is now
taking orders for a bigger brother with
four times the processing power.

If only & handful of the score or so of =

American groups building advanced com-
puters survives, the United States is going
to enlarge its existing technology base in
compuling over the nexr decade by as’
much new engineering talent as its rivals

the Japanese. is a sobering thought.”"

Reach out and crush someone

Even more than breakthroughs in telecommunications technology, America's
new deregulated freedom to plug in, switch on and sell an information

Arnencam complain aboul it, butif truth-

be 10ld they still have the best and cheap-
est telephone system in the world. Japan’s
15 a good one too—about as good as the
Bell System was in the late 1960s. Which

" means it .is reliable and cheap when

making calls within the country, but not
particularly good at performing electronic
tricks like automatic call-forwarding, call-
waiting, short-code dialling, credit-card
billing. conference calling—all things Bell
users take for granted today.

" selvice |s breecllng a whole new generation of mfopreneurs

it

- have in totality. And that, not least for .

Americans also také for granted the

choice of being able to dial long-distance
numbers using alternative carriers. who

system from the stateymonopoly’s clutch-
es (so customers may“choose what they

_ offer cheaper rates. Liberating the phone

want instead.of what they are given) has

barelybegun in Japan. -

The United States is the world's domi-'“

nant supplier as well as its most prolific
user of telephone equipment. The global

market, worth $57 billion in ‘19_82,'is

|
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exnecied 10 grow o 88X Tihon o) T19ET,
Amaricen manul d"".}r"l" nave 42% of it
Iapanese firms 529, Bu: ina: has not

prevenisC Japan from becnmm: major
exporter of telecoms prodweis. It now
selis weli over $1 billign worth of teie-
phons eguipmen: 2oroad. a quanser of it
_€ven 1o the Lnued SlalES How did that
“happen? . "7

The main reason is the size “of the
American market hself. Though the
American share of the giobal ieiecoms
business is five umes biggar than Japan's,
practicaliy all of it is at home. Some 90%
of the domestic market is controlied by
the mighm American Teiephone and
Tetegraph {“Ma Beil”). GTE has 0% of
the American market. while ITT has tradi-
uonaliy sold its ieiephonz equ!pmen. ai-
mos: exciustvely abroad.

Until the dereguiation of the American
phone svstem in the wake of AT&T's 1982
consent decree, Ma Beil's manufacturing
arm (Western Electric) directed its entire
production’ effort at meeting_just the
needs of the various Bell phcme compa-
nies around the countrv. It got all its
inventions and designs from the legend-
ary Bell Laboratories in New Jersey, and
neither imported nor exponed a smgle
transistor,

Bell Labs has been responsible for a
blizzard of innovations (transistor. laser.
stored-program control. optical fibres,
etc) that have driven down the real cost of

communications and raised the quality .

and availability of teiephone service

‘throughout the United States. But be-

cause of AT&T’s preoccupation in the past
with just the domestic market, the best of
its technology has had little direct impact
on the rest of the world. The door to
export sales was thus left ajar for tele-
coms suppliers elsewhere—from Europe
{Siemens, Ericsson, Thomson, GEC and
Philips), Canada (Northern Telecom and
Mitel) and Japan (NEC. Oki. Fujitsu and
" Hitachi).

‘American firms retain their dominant
position in supplying switching and trans-
mission equipment. But the Japanese
have mounted a serious challenge based
on their growing expertise in transmitting
messages on the backs of light beams.
Made out of cheap silica instead of costly
copper, optical fibres can carry three
times the telephone traffic of convention-
al cables, need few repeater statjons to
boost the signals and send them on their
way, are immune o electrical interfer-
ence and do not corrode like metal wires.

The early American lead in fibre op-
tics, built up by Western Electric and
Corning Glass. has been chipped away by
scientists at NEC. Sumitomo and Japan's
telephone authority (NTT). Apart from
leaning how to manufacture low-loss
fibres, Japanese companies have become

sunaro al making the minute lasers. light-
emuung drodes and munuscule receners
usec ior projecung and cal:‘mnz the
messages.

Hand in glove with f'brc optics is the
growing trend towards dlghal iransmis-
sior—sending - spoken Or picture mes-
sages coded as the ones and zeros of
computerspeak. The transmission part is
easy. but optical switching has presented
horrepdous headaches and the competl-
non here is fierce.

Bu: Amencan makers have used their
knowpow 1o bettef commercial ends. In
particular, digital transmission has been
used 10 speed the growih in data traffic
between big computer svstems. especially
those owned by airlines. banks. insurance
companies and financial institutions.
Here. the Federa! Communications Com-
mission has taken the initiative, by free-
ing America's telecorimunications net-
works 50 anyone cah plug in. switch on

and sell an information service. QOther

countries—DBritain and West Germany
particularlyv—have been inexplicably
making life as difficult as possible for
their own infopreneurs.

The lesson has not been wasted on

telecommunications mandarins in Japan.
Thev have seen how getting the govern-
ment off the back of the telephone com-
panies in America has spurred a vibrant
free-for-all in “value-added networking™,
creating numerous jobs in information
services and giving local manufacturers a
headstart in carving out a piece of a brand
new high-tech business for themselves.
This new communications freedom—
even more than the changes in digital
switching 4nd new transmission technol-

Gettmg smart

ogizs—i+ one of the key gmving forges

beninc tne merger petweern computing.
office awmtomanon and tziecommumica-
tions that is beginning 10 1axe piace within
the United States. Last vear. computer
maker IBM absorbed Rolm. a7leading
manufacturer of digite! privaté-branch

exchanges. At the same time the tele. .

phone giant, AT&T. broadened its grow-

ing base in computing and office equip-

ment by buying 25% of Oliveui in ltaly.
The leader of the office-automation pack,
Xerox. is stli suffering from & surfeit of
exotic technoiogy dreamed up by engi-
neering wizards a1 its PARC laboratories in
California.

Japan has no intention of being left

behind. The government in To}.yo is .

pressing on with it pian to privatise as

- much of its 1elecommunizations services

as possibie. And whiie the big names of

the Japanese telecoms business (Fujitsu,

Hitachi, NEC and Oki) may have deficien-
cies of their own. each is nevertheless a
big name in computing too. And though
smaller. all are more horizontally inte-
grated than AT&T. IBM Or Xerox.

Will Japan close the technological gap
in telecoms with America? Quite possi-
bly. But only through setting up shop in
the United ‘States. The reason concerns
one missing ingredient. now as essential
in telecoms as in computing: ingenious
software. Just as Motorola and Texas
Instruments have built semiconductor
factories in Japan to learn the secrets of

L. P m e
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quality and cost control, Japanese firms *-

will have to establish telecoms plants in
the United States if they are 1o acquire

‘the necessary software skills. NEC has now

done so—for precisely that reason.

-

Manufacturing is also going high- tech threatemng to turn today's dedicated
factories full of automation into relics of the past

Microchips, computers and telecoms
equipment will be to the next quarter
century what oil. steel and shipbuilding
were to the vears between Hiroshima and

the Yom Kippur war. More than anything’

else, these three technologies will fuel the
engine of economic growth in countries
that learn to manage their “smart™ ma-
chinery properly. This will hasten not so
much the trend towards service jobs, but
more the revitalisation of manufacturing .
itself. . -

Manufactunng" That grimy old metal-
bashing business which the more prosper-

-ous have been quietly jettisoning for
better-paid office jobs in the service sec-

tor? It is true that manufacturing jobs in
all industrial. countries (save Italy and
Japan) have been shed continuously since
1973. In the United States. emplovment

in manufacturing industry fell 2.5% last
vear 1o less than 20% of the civilian work-
force. _

But looking at jobs alone is misleading.

-In terms of manufacturing’s contribution.
. to GNP, for instance, little has changed. In

fact. manufacturing’s share of value add-
ed (at current prices} in America was

22% of GNP in both 1947 and 1984, and
has wavered narrowly within the 20-25%.

band for close on 50 years. So much for
de-industrialisation.

Manufacturing still means big business
_in anybody's book. It currently contrib-
utes $300, billion and 20m jobs to the
American economy; about £350 hillion
{at today's exchange raie) and 15m jobs
in Japan. But manufacturing is really a

matter of how vou define it. Traditional

measures based on Siandard Indusirial
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Cilassifization cnass LonlaLe 1o pve the
pmpression” ina making 2avimng 1 2
faclory 1 going ihe same way as STNOKe-
ctack mmaustry generaliv—up in smoke,
Yet software cngmeenng aiong 15 8!\
explosive new *manufacturing®indusry
tha: pareiy eniers the American Treasury

De:anme'l' s caicujauions of growth, let
113 v:s:on of what consntutes .

alone
industry. - 77
What is for sure is ihat the new ban]e in
manufacturing competitiveness and pro-
ductivizy i going to be fought in the fields
of orocess and desigr technoiogy. Here s
what Mr Daniei Roos of '\ia.saa..n 15eils
Institute of Technology has to say!
Over the next 23 vears, all over the worid,
semi-skilled labour—whether cheap or ex-
pensive—will rapidly give way 10 smart
machinery as the kev eiemen: ir sompeti-
tiveness. Neither cheap Korear iabour nor

expensive American iabour 1z our reai

probiem. Rather the challengs iies in rapid-

Iy imroducing and perfecung the new gen-

erations of design and process equipmsnt—

- and the comph:x social svstems that must
accompany thenr.

It does not require an.MI7 nrofes‘:or to

explain why conventionai manufacturing.

is limping out and new computerised

forms of design and fabrication are mus-

. cling in. Using the favoured vardstick of
productivity (return on investment after,

discounting for the current cost of money)”

. even back-of-the-enveiope calculations

...10robots ...

show only two factors really count. Ener-
gy costs are irrelevant. being typically 3-
4% of factory costs. Much the same is.
true for labour, which now accounts for
only 5-15% of total costs.

“The only significant. and controllable, .

factors are material costs and production
volume™, preaches Dr Bruce Merrifield
of the American Depanment of Com-
merce. Thus. with roughly 30% of materi-
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From smokestack . f==*

al costs being in inventory, a “just-in-

ume™ delivery system (like the Japanese

kanban method for supplying compo-
nents 10 motor manufaciurers) couid im-

-prove the real return on investment by as

much as 15%.
etting manufacturing »olumes right is
trickier. Here high technonog\ is rna}.mg

the whole notion of the special-purpose
factory—with its  automated equipment

purring smoothly along as it churns out
‘millions of identical parts all made to the
'same high standard of precision—a Telic

of the smokestack past, The marketplace
_ is much more competitive today, no long-
er accepting the 10-12 year product life

cycles needed to justify the investment of
such dedicated plants. The pace of tech-
nological change is demanding lhat rnan-

HIGH TE"‘:-INOLOGY SoHEVZv

n

‘ ufactured Eoodc be replaced every four or

five years; in consumer elcctromcs every S

two or three vears.
The Japanese factory devoted solely to.
turning out 10.000 video recorders a day

with a handful of operators is the end of -

“the line—not quite vet, but destined

shortly to become. a magnificent anach-
rorism -and epitaph to the age of mass

product:on. It was a brief and grimy era,

spanning just the single lifetime from
Henry Ford to Soichiro Toyoda. To take
its place, a whole new concept of manu-

facturing is being hustled out of the.

laboratory and on to the. factory floor.
This is the final melding of microchips,

-computers, software, sensors and tele-

coms to become in themselves the cutting .

tools of manufactunng :ndustry

The retoolmg of Amerlca

Flexible make-anything factories are begmnmg to sprout across America,

Amencan engineers call it cm. Comput-
er-integrated  manufacturing—hurried
into the workplace by a kind of Caesarian
section—has arrived before managers
have had a chance to find out what they

really want or are able to handle. The

trouble—~and there have been plenty of
teething troubles—is that CIM has a

grown-up job to do right now. To corpo--

rate America, it is the one remaining way

~ of using the country's still considerable

clout in high technology to claw back

some of the manufacturing advantage

Japan has gained through heavy invest-
ment, hard work and scrupulous atten-
tion to detail. .

American compames began pouring
big money into high-tech manufacturing
around 1980. All told, firms in the United

~ States spent less than $7 billion that vear

on computerised automation. Today they
are spending annually $16 billion. mostly

E bnngmg back jObS that had slipped oﬁshore -

on more sophtsncated CiM eqmpment By ‘

1990. investment in computer-integrated

manufacturing will have doubled to 330

billion or more. forecasts Dataquest of
San Jose. California.

General Motors has spent no less than
£40 billion over the past five vears on
factories of the future. Even its suppliers
are being hooked into GM’s vast comput-
erised jnformation net, allowing lhem to
swap data with the giant motor mal\er asa

first.step towards integrating them wholly-

within its CiM environment. 18M has been
spending $3 billion a year on computeris-
ing its manufacturing processes. In so

doing, it has been able 10 bring numerous -

the-United States. Pleased with the re-

sults so far, 1BM has ratsed its inv estmem_

in CIM 1o an annual $4 billion.
The heart of a CM plant is a flexible

' jobs, previously done offshore, back into

manufacturing shop which can run 24 -
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18 SURVEY HIGH TECHNOLOGY

nours & day . bur whizh Is czpabie of being
relooied in minutes rather tnan davs. and
abie to turn out hundreds of different
products insiead of bemg dedicated to
just one line. The differencedserween the
bes: of traditional automation (lor exam-
pie, Tovota's Coreliz iine in Nagoval and
the best of new styie .Cim plants (for
exampie, General Electric’s household:
appliance centre in Kentucky) is that the
former automates just the fiow of materi-
a! ihrough the factory. whiie the latter
automatas the tota! fiow of information
needed for managing ine enterprise—
from ordering the materials 1c paving the
wages and shipping the finished goods out
of the front doort.

The aim of 1M is not simplv to reduce
the. amount of direct iabour in \oived in
manufacturing 2 product {only 3-13% of
the cost). The real savings come instead

" from applving strict computer and com-
 munications controls to siash the amount

of waste (typically 30% of .the cost)
through having up-to-the-minute infor-
mation on tool wear, while minimising
the handling. management and overhead
charges (rarely less than 40%) by know-

‘ing precisely where items are at any

instant during the manufacturing process.
The net resuit is that a CiM factory has a
much lower breakeven point than a highly
auiomated conventional plant. The ma-
jority of the CIM plants now onstream.-in
the United States break even at half the
level of a conventional plant (typicaily 65- -
70% of full capacity). And because it

does not have to operate flat out from the.
start to be efficient, a CIM plant makes it .

easier and cheaper 1o launch new prod-
ucts. That spells shorter life cycles—and -
hence more frequent {and more amac—
tive) model updates.

That would be reason enouzh for enter-

prising high-tech companies to invest in
CIM. But a number of American corpora-
tions are being encouraged for other,
more strategic, reasons to integraie their

' ‘computerised manufacturing processes.
“The Pentagon sees CIM as a nifty way of

allowing manufacturing capacity to be

sprinkled lightly across the land, instead’

of being concentrated heavily in targeted
areas along the Ohio Valley, parts of
llinois and up through Michigan.

The generals also see CIM piants—-with

‘their rapid response and flexible, make-

anything nature-—as handy standby ca-
pacity ready to be instantly  repro-
grammed to meet the military surge of a
national emergency. Apart from its costly
military stockpiles, the Pentagon has to

underwrite a good deal of redundantand

idle capacity among America's defence
contractors. That is a political luxury it
can no longer afford.

Pressure from other parts of Washing-
ton is also helping 10 usher high-tech

cefoCM - T
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manufacturing into American factories.
To government gurus like Dr Bruce Mer-
rifield. the artraction of these flexible
manufdctunng plants is that they are ldeal

Let the daisies grow

Bureaucratic gundance is still no match for a femle economy where anythmg_.

can take root and ﬂower =

Who, then, is better suited to llfe on the
high road of technology—America or

Japan? The answer is complicated by the.

way the two industrial superpowers have
honed their separate skills in wholly sepa-
rate ways (table 3). American technology
is overwhelming in big systems, software,
computing and aerospace. But nobody
can touch Japan in the process technol-
ogies that underlie conventional manu-
facturing. American technology reaches
out for the unknown: Japan's bends down
to tend the commonplace.

The differences in style mirror the
.differences in ideals that the two peoples

hold dear. The }apanese have a sayving:
*The nail that stands up will be ham-
‘mered flat.” The Americans say: “‘Let the
daisies grow.” So it is hardly surprising
that American technology is individualis-

Table 3:.Ba{ance of forces

L4

no: 1ust for industria;i gants like Ganeral

Eiectric. Westinghouse or IBM. bu: even

more so for the 1ens of thousands of unv
workshops across the country  Whiie Ja-
pan has two-thirds of its industrial output
withiin the prasp of broad-based kerretsu
manuiactunng groups. Amencan Imdus-
uy by contrast has aiways reiied neavily

“on its 100.000 or so independent subcon-_

tracting nrms In metal workng. for in-
stance, 75% of the parts made in the
United States are manufactured by small
independent workshops in baicnes of 50
or less.

The American Commcrce Depanment .

sees no -amtitrust reasons why smaller
firms shouid not band together 1o share &

_ flexible manufacturing centre, making

spindles for washing machines one min-
ute, wheel bearings the next. then switch-

" ing 10 precision mounts for a microscope
- maker, crankshafts for diesel engines,.

mictowave cavities for radar equipment,
nose-cones. for missiles and so on. This

would reduce the investment risk for the :

individual firms, while providing a higher
return for. the CIM plant as a whole. It
could also help rebuild much of the indus-
ma] base of rustbowl Amenca. e

- .___---,., e Ll
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uc "often erratic and always iconoclastic.

Japan s, if anything, is pragmatic, geared
primarily to problem-solving and hustled

along by a herd-instinct..

To date, Japan's high-tech success has.
been almost exclusively with develop--

ments that were predictable—like pack-
ing more and more circuits into dynamic
RAM chips, or making video recorders
‘smarter and smaller. This is a result of
having total mastery of the process tech-
nologies. While all the basic break-
throughs for making semiconductors—
electron beam lithography, ion implanta-
tion. plasma etching. etc—came from the
United States, Japanese firms improved

|

v

B T T
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the .ideas step by step until their equip- |

ment was a maitch for an\'lhmuﬂ.l made
abroad.

- By carrying out development continu--

T el

Japanese strengths

Applied research and development
Incremental improvements
Commercial applications
Process and productaon technology
Components

Hardware

Predictable technologies

Cuality control

Miniaturisation

Standardised, mass volume

American strengths
Basic research - -~
Breakthroughs and muenhons
Military appiications . .
New product design - e
.. . Systems mtegrahon R

Software R

Less predictable lechnolognes
New functionalities

New architectural designs
Customisation -

Sou:u ‘The Posiuve Sum 5..aragy MnonarAcaoamy Press, Washmgton DC, 1586
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QU 10 SMmal. snITETMRTIAY SlEDt ‘1nsiead
A thE AMencan was 0F grsat Quanium
=am aven decadz OF §O.. ..a....i';ﬂ-se iirms
nave Deen abis 10 bombard cuslomers
with & barrags of new modeis wfienng vet
petigr  vawe, cuains and  rehadiliny.
Amenican fIrMs. Dy coptrast. nave trade

gonally Mads coSMAIC IMProOvEments 2v-

erv few _years. and then brought out
compiete ‘mode} overkiauis once & decade
or s0. That has made their products look
long in the tooth. ther suddenly change
dramatcaliy—often for the worse whiis
gesign bugs and production wr'mkies are
sorted out.

Armmerican technoiom has also 1enaed
to be pearad for use maml_\ at home (for
exampie. telephone svstems. motor Cars),
With 115 smaller domestic market. Japa-
nes= 1echnology has been forced to ook
farther afield. The Stanford sconomust.
M1 Daniel Okimoto. makes the paint that
thougt
technologies tied ciosely to commodities
with huge export markets (for example,

" continuous casting in stesl, emission-con--

trol for motor, cars, opiical coatings for
camera lenses). lately they have begun to
do well in technologies for domestic use
too. Some examples include gammia in-
terferon and Interieukin II in pharmaceu-
ticals, digital switching and transmission
in telecommunications, And with their
breakthroughs in galiium arsenide semi-
conductors. optoelectronics, supercera-
mics and composite materials, the Japa-
nese have shown themselves selectively

capable of innovating at the fronuer ot'

knowledge as well as anyone. —- -
On the whole, however. Japanese firms
have been less successful with technol-
ogies that are inherently complex, not
particularly predictable and dependent
upon ideas springing from basic research.
Making jet engines is one such technol-
ogy. Designing air-traffic-control radars
is another. Developing computer-aided
design and manufacturing sysiems is a
third. And despite MITI's “targeting”™ of
lasers as a technology to be conquered,
little progress has been made here to

date—because not enough basic research

has been done in the necessary branch of
physics.
Such incidents point to serious prob-

lemms in Japan's educational - system.
While Japanese youngsters out-perform -

western school children in all meaningful
tests of mathematics and science, their
training stresses rote learning rather than
critical analysis and creative synthesis. At
university, their skills in problem-solving
are enhanced at the expense of their
zbilities to conceptualise.

" As faculty members, Japanese academ-
ics are civil servants unable to fraternise

as paid consultants in industry during the .

summer vacation. So Japan has none of

THE ECONOMIST ALGUST 23 1986

Japanese firms have excelied at.
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the cross-jeriuzanon hetween hasic re-
£drch ang commercia’ davelopmant that
cnzractenses MiT and Routs 12, Sian-
ford and Silicon Vailey 2nd a hundred
othar campuses across Amenca. Also.
because ‘ail ihe ieading unmersiues in

HIGH TECHNOLOGY SURVEY °7

Japan are state-owned and run neidiv My
a conservative <
difficuit to aliocate grants (by peer-re-
View) 1o the mos: deserving researchers
ratner than the most seniog,

in the days when Japan couid szorm the

veniral Dureaucragy, 1t s -

Forget about America’s underground
economy of do-it-vourselfers pushing ~
hamburger cans. pain: brushes and illicit
drugs. Above the conventional econo-
m). a star-spangled wealin launcher lift-
ed off three or four vears ago—to take
advaniage of the soaring power and

bredkup of the geriatric telephone mo-

nopoty. the chimera of President Rea-

gan’s space shieid and. above all. the

technotegcal coilision of computing,

communications and office automation.

\1"6{ America’s ")&CIHDE nev. airborne
- economy.

The first thing to undersiand is that
nobody is quite sure how well even
America’s conventional economy is per-

. forming. let alone its underground or
owerﬂround components. The only items
reported properly seem to be lmpons

- and unempiovment. The trouble is that
the economy is changing so fast—from
old-fangled businesses based on metal
bashing and -carting things around to
new-fangied ones that massage, transmit
and memorise scraps of information.
What is for sure, the leading economic
indicators—those ~ monthly headlines
‘that send shockwaves around the world's
financial markets—seriously underesti-
mate some of the most important growth
sectors within the United States.

Because the statistics have not kept
pace with the way American business is

. becoming internationalised, computer-
ised and more service-oriented, the pic-

economic landscape of a decade or two
ago. Here are some examples of lagging
statistical response: B

® Companies are classified by mdusuml
SECLOrS using definitions last updatcd in
1972,

@ Twenty years after computers swept
manual accounting into the dustbin, the
first price index for computers has just
been introduced--and is. still " incom-

have been assumed to be fixed, hence-
forth they will be deemed 10 fall {as they
have actually been doing) by at: least
14% a year—adding nearly 1% to GNP,

@ An archaic processing system for log-

5% increase in imports over the past
decade, is ignoring America’s growth in
foreign sales. A significant. proportion

now goes unreporied.

® Measures of family income, designed
in an age when welfare was a dirty word,
omit non-cash components such as com-

Lift-off for the airborne economy

{foog STamps. rent subsidies, e1c).

plummeting cost of microchips. the -

" cuts, the American statistical sysiem is .

" mining. say, GNP or growth tend 1o be by-

- as the Internal Revenue Service, the’

_based economy. It is. But you would not

ture the. statisticians paint depicts an

- jobs. Yet:one SIC code in the service
plete. Where America’s computing costs
- cal hospitals, now covers some 2.3m

- ging foreign trade, confronted with a-

(some say 15-20%) of American cxpons '

pany [ringe bencfits for professnonals
{pension rights. deferred incoms plans,
health and lif insurance. etc} and in-
kind governmen: assistance for the poor

@ Poverty is stili defined by consump-
tion patterns of the mid-1950s. when a
family of three spent a third of its income -
on food. The same food basker today .
costs a fifth the- equivaient Idmi]\' 5
income. .

Don't snigger. * Despite bucge.ar‘v :
still one of the besi in the world. Its only
real weakness is that—emplo»mem fig-
‘ures aside~--the statistics used for deter-

products of non-statistical agencies {such

Customs Service, Medicare and the De- -
partment of Agriculture). As such, they’
are far from being as clean. complete or
timely as the expernts wouid like. .
Consider . some’ recent anomalies
caused by the quickening pace of techno-
logical change. With 70% of Americans
being employed in the service sector, -
you might be tempted to categorise the
United States as essentially a service-

think so from the Standard Industrial
Classification (sI1C) used in generating
the input-output tables for measuring
GNP, This has 140 three-digit codes for
manufacturing firms. only 66 for .ser-
vices. Moreover, since the sIC sysiem
was last revised in 1972, whole new
business activities (for example, video
rental, computer retailing, software re-
tailing, discount broking. factory-owned
retail outlets) have sprung up, while :
others have withered away.

_ Nuts and bolts. for instapce. are in an
siC category all of their own, employing a
grand 1otal of just 46.000 people. Enve-
lope makers. again with their own sIC
calegory, provide fewer than 25,000

sector alone, general medical and surgi-

people. Lots of high-tech service busi-
nesses—including computer stores and
software publishers and manufactur-
ers—do not even qualify for their own
SIC codes yet.”

There is no reason why all sic catego-
ries should be the same size. But the .
“imbalance exaggerates the importance of
traditional manufacturing at the expense
of services in the American economy.
Above all, it allows whole sections of -
America's booming high- tcch econumy
togo unreported.

Ll T v - Trpm————

Ftoat a1y v merm———rm— e

et St g e i




o

b

Back to the fuw_re

A Elimpse or two at the futuae will dispel
any dounts about Yankes ingenuny as 1t
prooes tne iimits of tomotrow’s 1echnol-
ogy. First. to Silicon Valley where Mr
Alan Kay, refygee from such technoiogi-
cal hotbeds as DARPA, Stanford. Merox
PaRC and Atari, is nowadays visionary-
ai-large at Apple Compurer. Buiiding on
the learning theories of John Dewey “and
Jean Pldne! Mr I\a\ Is trving o creats a

ad.ﬂ;d.S\ dm]:‘xlIlE' Taenniy COTIpUIeT “Itﬁ
enough poweg to outrace the user's
senses. enough-memory o slore Iivrary
loads of reference material. and enough

desire for exploring fantasies with his
innate ability o learn from experiment.
The concept. called “Dynabook™,
combines the seductive power of both a
" video game and a graffiti arnist’s spray-
can with the cultural resources of a
library. museum, art gallery and concert
hall combined. Difficult to make? You
bet, especially if the whole gizmo has 1o
fit in a package no bigger than a notepad
and be cheap enough for every schooikid
10 OWD. s it
Smallialk is the computer]anzudze Mr

clever software to couple man's natural

-, . L R IR e
Kav i-ai deveioped 1o aliow kids to
comverse with the fantasy ampiifier. The
rest of the ingredients are al! technoiogi-
cally imaginable, just prohibinvely ex-
_ pensive and unwieldy for the time being.
But a decade ago the . first personal -
computer was just being built ar consid-
erabiz expenss, Its functional equivaient
roday costs less than $50. Stiii oniv 1o his
mid-30s. Mr Kay has ample time tc ¢ puta
Dvrabook in the hands of miibons of
voungsiers with open minds and asense
of wonder stili intact. ;
Next, meet Mr Ted Velcon gadfly.
prophet and self-confessed computer
. crackpot, with a lifetime’s obsession
wrapped up in an encrmous program
calied - (after Coleridge’s ‘unfinished
poem) Xanadu. Boon or boondoggle,”

nobody is quite sure. But the giant piece -

of software for steering. one's own
thought processes (including allemnative_
paths, mental backtracks and intellectual
leaps) is hardly lacking in cxmbmon or.
\lb}Ol'l

Conceived originally b\. Mr Nelson’

while a student at Harvard as simply a | -

- noté-keeping program for preserving his.

, organising the thoughts.

' SONNets 1o songs—and pul it into Aana-

eveny. thaughi. Xanadu bas evoived into
a otal hrerary process: ¢resating igeas:
with traces
snowng Dackiracks. alternative versjons
and jumps Ic cross-referspeed Gocus .
mens: manipuiaung the tex;: publishng
the resuits; . ana logging a share ofthe LN
rovalties to every other amthor citad.

Every gocument in Xanadu's database -
has links to its inteflectual aniecedents
and o others covering related rtopics.
The jinkec references work iike foot- -
notes. excep: tha! XNanadu offers an
eiectronmic “window ' through wiich thay
can be accessed there and then. Because
the whoie process works in 2 non-se- -
quentia] way. the inventor calls the out-,
put “hypertext™. "

Mr Nelson locks forv. ard to the day
when anvbody can créate what he or she
wants—from recipes to research papers,.

du's database and guote or cite anyvhody.
else. Royalties and sub-royalties. moni-
tored automaticdlly by the host comput-
er, would be pald according to the
amount of time a user was on-line and
reading a specific document. It sounds
pretty wild at the moment, bur hypertext
could be commonplace before the. cen-.
tury is out. ‘ :

-

. ~
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industrial heights with foreign licences,
_homegrown development and production
excellence, the inadequacies of its educa-
tional system and academic research
hardly martered. But such shortcomings
are becoming increasingly a problem as.

.~ high-tech competition inténsifies: wa=z

Nor can Japan call on its little firms to
provide the invigorating fillip of innova-
tion such eénterprises provide in the Unit-
ed States. And with their lifetime employ-
ment practices, Japan's big technology-
based corporations rarely get & chance to
attract high-flying talent from outside.
Technological diffusion between small
firms and large corporations, and be-
tween companies generally as engineers
swap jobs, is one of the more invigorating
forces for innovation in the United States.

Nor, also. is there an adequate way in

Japan for financing risky innovation out- -

—-"H"""

side the big corporauons Smce 1978,
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American equity’ markéts have raised $8
billien for start-ups in electronics alone
and a further $3.3 billion for new biotech

" companies. Over the same period. Ja-

pan’s venture-capital investments in high-
tech have totalled just $100m.

Lacking all these things. the Japanese
have sought a substitute. This is one of
the main reasons for MiTI's special em-

-phasis ‘on collaborative research pro-

jects—as in VLSI or fifth-generation com-
puters. To Mr Gary Saxonhouse of the

University of Michigan, Japan's lauded-

industrial policies are little more than a

 substitute for-the ingredients that Ameri-
‘can companies enjoy from their \ibrant

capital and labour markets. .. = .~ &
As for MITI's infarous industrial tar-

geting. many Japanese (as well as foreign--

ers) have long doubted its effectiveness

"and believe it is now wholly inappropriate

anyway. All technologies have started

“moving simply too fast to wait upon the

whim of bickering bureaucrats. It is not as
though Japanese civil

ble hand of the marketplace.

Apart from possessing vastly greater
resources of well-trained brains, more
diverse and flexible forms of finance, and
a bigger and more acquisitive domestic
market. America has one final, decisive
factor moving in its favour—the pace of
innos ation itself. -

—-—van .

‘servants have
~shown themselves any better at picking

industrial- winners than officials else- "
where, and none has bettered the invisi-

- o s
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Hth lech products tend to have two
"thmgs .in common: they fali .in price -
rapidly as production builds up (they
possess steep learning curves) and they
get replaced fairly frequently {they have
short life cycles). The trend in high-tech is.
towards things becoming steeper and
shorter. So thé competitive advantage of .
being first to market is going increasingly
to outweigh almost everything else,

This spells an end to the traditional.
low-risk, low-cost approach that Japanese
companijes have used so successfully to
date—coming in second with massive vol-~
ume and forward prices after others have .
primed the market. Henceforth, Japa--
nese firms are going to have to take the -
same technological risks—and pay the .
same ' financial penalties—as evenone
else. And that puts the advantage décid-
edly.on the side of Yankee ingenuity.
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[~ UNCLE SAM, RESEARCH DIRECTOR

The nation’s 400 national labs want to transfer
their know-how to you. For sale: 28,000 patents.

PATRICIA BARRY (EV~

WASHINGTON

magine, for a moment,
llhat there were a re- i

search apparatus aval- £
able to your company with
200,000 engineers and sci-
entists working with the
most sophisticated equip-
ment, with an annual bud-
get of some $20 billion. Too
good to be true? Not really.
For such are the assets of
the federal government’s
400 naticnal Jaboratories—
labs that now have a man-
date to share their know-
how with U.S, business,

National labs work on ev-
erything from particle
heams to cures for cancer.
They can be world-re-
nowned, such as the mega-
medical center National
Institutes of Health, and
Los Alamos National Labo-
ratory, where the first atom
bomb was made, Or they

BY JAY FINEGAN

Harold Hubbard, divector of the Solar Emaréy Research Insiitute
“H nobody can make a buck with government technology, nobody will use Iit."

ing, pot-smoking solar fa-
| natics 10 whom business
was a dirty word. But even
Pa as that image began to fade
&l with the arrival of research-
ers from top universities,
private firms were still
wary about collaboration.

Ask David Benson. Ben-
son, a SERI physicist, has
developed a new vacuum
window—two panes of
glass with a vacuum in the
middle. Whereas normal
" windows have an insulating
value of R-2, his window
has one of R-16~—or rough-
ly the equivalent of a wall,
Research shows that about
5% of the total energy used
in the United States is lost
through windows. ““And
with some 350 million
.square feet of insulating
windows added each year,

can be positively obscure. (Ever heard of
the Neutron Depth Profiling Facility? Or
the Boll Weevil Research Laboratory?)
But no matter their profiles, until recently
nearly all of the federal laboratories, by
tradition and federal regulation, had kept
their distance from private companies.
Their researchers had spent very little
time trying to turn their discoveries into
commercial products. And private compa-
nies had been wary that any association
with such government-owned facilities
would tie them upin endless red tape.

“Institutionally, R&D for the govern-
ment had always been that you do a specif-
ic job and then stop,” explains Edward
Lehmann, who works at the U.S. Com-
merce Department’s Center for the Utili-
zation of Federal Technology. “It had
always been assumed that the transfer of
the knowledge will occur through publica-
tions or presentations at conferences.
That was a very passive approach—a mis-
conception.” The upshot: of the 30,000
patents held by the federal government,
28,000 lie dormant.

Now, things are changing. Washington,
showing rising alarm over the country’s
eroding technological lead, is seeking
more bang for its research buck. In a
series of changes in federal law and

regulation dating to 1980, the President
and Congress have made it clear that they
want the national labs to become more like
a national R&D resource (see box on the
following page, “Tapping into Federal
R&D’"). And although the research priori-
ties wil still be set by the government, the
benefits are now supposed to be shared
more quickly, and more readily, with U.S,
firms. Already, one in nine government
patents is heing licensed within a year of
its being issued.

Perhaps no federal lab has had a more
clear-cut mandate to share its research
and technology with private industry than
the Solar Energy Research Institute
(SERI), in Golden, Colo., just west of Den-
ver. The lab opened in 1977 to develop
new technologies that could blunt the ef-
fects of OPEC's rising oil prices. But it is
only now, after nearly a decade, adrop in
world oil prices, and the changes in federal
law, that SERI is finally channeling some
of its efforts into commercial ventures and
profitable products.

“For the most part, we have not been
that good at judging what is marketable,”
concedes Harold Hubbard, SERI's direc-
tor. In the beginning, the institute suffered
an image problem with businesspeople
who looked on it as a refuge for backpack-

this new window could
make a difference,” he says.

Benson pitched his product to all the
major window companies, but none were
interested. So he tried striking a deat with
the industry as a whole, making a presen-
tation to the Sealed Insulating Glass Man-
ufacturers Association convention held
last summer in Denver, '

“We offered to conduct a collaborative
research program, which they would par-
tially fund and, in return, would receive
proprietary rights to all the technology,”
Benson explained. They said, ‘Thanks, but
no thanks.' Their justification was that
their association represents both large
and small manufacturers, but by far the
largest number are small firms manufac-
turing their windows locally. And you
couldn’t possibly do that with a vacuum
window. It has to be made at a big plant
that would cost arcund $10 million. So
you'd need big companies.”

It was much the same story when Ben-
son tried to stir up some interest in his
electrochromic windows, which operate
similarly to sun-sensitive eyeglasses,
turning darker on hot days to shield out
sunlight and lighter on cold days to let in
the passive solar heat. Only 3M Co. has
shown an interest in the concept, but it
hasn’t provided funds vet. :

- e,
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In the meantime, SERI has found itself
fighting other batties. A budget crisis has
prompted- Congress to slash the lab’s
$112-million budget nearly in half, forcing
a staff reduction from about 1,000 to fewer
than 500. One casualty: the industrial-ap-
plications program charged with technolo-
gy transfer. Then came the end to the
solar tax credit and the collapse of world

wipe out 80% of the solar energy mdustry,
SERI’s core constituency.

In the face of all this adversity and ne-
glect, SERI has hung on grimly, the righ-
teousness of its efforts embedded in its
culture. And with the added flexibility pro-
vided by the new law governing federal
labs, its prospects tay finally be
improving.

Spire Corp., for example, a publicly
traded, $14-million electronics firm in
Bedford, Mass., is working with SERI ona
program to develop cheaper amorphous
silicon cells, devices that convert sunlight
to electricity. Today, a residential solar
system using silicon cells would cost a
homeowner $30,000 to $40,000. Spire
hopes to get the figure down to around
$6,000.

To win a three-year contract from SERI,
Spire had to chip in $900,000 to obtain
what amounts to a $2.1-million- SERI
grant. And should the collaboration yield a
cheaper silicon technology, Spire—not
SERI—will hold the patent and with it the
exclusive right to profit from government-
sponsored and -subsidized research.

Not surprisingly, Roger Little, Spire’s
president, likes these cost-sharing deals
with government laboratories. “What hap-
pens is you get people in the business in-
terested in doing the research
themselves, as opposed to the Washing-
ton Beltway bandits,” he says, referring to
the scores of research firms located on the
highway that rings the nation's capital.
“The government-contract dollar goes to
people who are really serious about the
work. So that's a big step toward commer-
cialization and technology transfer.”

But others ask why the free market
can’t provide for its own R&D, and why
taxpayers should foot the bill to develop a
technology from which they will never

. benefit directly. Among them is Arun Ma-
dan, one of the pioneers in the field of
amorphous silicon who spent 18 months at
SERI before leaving to establish his own
company, Glasstech Solar Inc., just out-
side of Denver.

Madan agrees that “when a technology
is in its infancy, government needs to en-
courage industry to get into it, because it's

| a very high-risk situation. But at a certain

puint,” he continues, '“the technology

to ask whether companies are just using

oil prices, which together have helped to |

goes beyond high risk, and then it's time -

WASHINGTON
A

TAPPING INTO FEDERAL R&D
Here are some approaches for linking
the private sector and public labs.

{7 COOPERATIVE R&D. Federal labs can

now enter into a wide range of agree-
ments with businesses, universities,

1 even municipalities. Lab directors are

free to decide which proposals from
the outside best coincide with their
overall mission. As part of such ar-
rangements, labs supply researchers,
equipment, and even funds.

O ENCLUSIVE LICENSING. [n the past,

the government made it difficult to ob-
tain exclusive rights to its patents. But
without protected positions, companies

too risky. So the new law permits labs
to sell off exclusive rights for “‘whatev-
er we can get,” according to one lab’s
attorney. It is now the individual lab,

ton, that has the authority to strike
such deals.

O CLEARINGNOUSE FOR INFORMATION,
The Federal Laboratory Consortium
for Technology Transfer now acts as a

shunned nonexclusive arrangements as

not government attorneys in Washing- .

clearinghouse for federal R&D informa-
tion. Each federal member will desig-
nate a full-time technology-transfer
officer to keep tabs on all work of po-
tential commercial value and be the lai-
son with the business community. The
consortium will also keep a centralized
computer bank that will be able to tell
companies what research is being done
at what labs.

CJ INGENTIVES FOR GOVERNMENT INVEN-
TORS. Under the old law, lab staffers
who came up with something patent-
able got a plaque and a bonus, Now, if
the lab licenses rights to that patent,
the inventor receives at least 15% of
net royalties due the laboratory. That’s
an attractive incentive-—so attractive,
in fact, that it's controversial. Purists
worry that the lure of big dollars could
divert scientists from the labs’ funda-
mental role; long-range, high-risk re-
search that industry often doesn't do
because the payoff is neither quick nor
certain.

government money for their own ends.”
Madan says that with amorphous silicon
products already on the market, and with
some 35 commercial appiications envi-
sioned, the technology has clearly shot
past the high-risk stage.

SERI officials, reflecting the new enthu-
siasm for technology transfer, dismiss
concerns like Madan’s. "“Some people
think that nobody should make a buck off
the public’s money,” says director Hub-
bard. “The problem with that is that if no-
body can make a buck from the public’s
money, nobody is going to do anythmg
with the public’s technology.”

Larry Flowers, manager of SERI's solar
buildings program, points to the erratic
interest of big oil companies, which
jumped into the solar industry when the
price of oil was high, then bailed out at
breakneck speed when the near-term
prospects turned sour. Without govern-
ment subsidy, he says, ‘“You can’t depend
on industry to sustain an effort.”

'Providing a reliable stream of research
money, however, is only one method by
which government labs can speed up the
pace of technology transfer to commercial
applications. Providing an incubator for
wouid-be entrepreneurs, and sophisticat-
ed equipment for private research, are
others.

Take the case of Industrial Solar
Technology, founded by former SERI

engineers Randy Gee and E. Kenneth
May. Located near Denver, the fledgling
$390,000 company manufactures parabol-
ic-trough collectors—curved devices that
reflect sunlight to heat circulated fluid. In
one application, these collectors produce
warm watet and hot showers for a commu-
nity swimming pool. In another, the device
produces hot water and electricity for a
county jail.

“SERI gave us alot of experience in this
area, It got the pot boiling,” says Gee.
Moreover, when Gee and May were ready
to go out on their own, personal contacts
formed at the lab helped them find finan-
cial partners. “The network system really
makes a difference,’”” Gee claims.

Outsiders, however, are also welcome,
SERI, for example, has provided a wind-
test site, hardware, and consulting techni-
cians, at no charge, to Four Winds Energy
Systems, a wind-turbine manufacturer in
nearby Englewood, Colo. “Without the
help,” admits vice-president John Kunz,
“I doubt that we would stili be in opera-
tion.”

Of all the entrepreneurs who have taken
advantage of the new commercial orienta-
tion of the national labs, perhaps none has
been as resourceful as Gilbert Brassell. A
chemist and materials specialist, Brassell
worked at the Sandia and Oak Ridge labo-
ratories before landing at Rocky Flats, a
Department of Energy nuclear-weapons
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installation near Denver. While at Rocky
Flats, Brassell ran across a problem with
the containers in which nuclear waste was
stored: as hydrogen gas built up inside,
there was a risk that they could explode.
To solve the problem, Brassell developed
a carbon-composite filter that vented the
gas while trapping 99.97% of the radioac-
tive. particles that otherwise would have
escaped with it Rocky Flats managers
were somewhat blasé about this discovery
uatil they found out that Brassell had made
a move to patent hig idea. Quickly, they
moved to assert the [ab's right to the filter,
but then agreed to transfer it to Brassell
for the cost of patent application, about
$4,000,

In keeping with its federal lab origins,
Brassell's Nuclear Filter Technology Inc.
set up shop in a small-business incubator
that SER! helped to found right next door,
in Golden. SERI has also made its lab
space and equipment available to Brassell,
servicés that might cost him tens of thou-
sands of dollars—money that he couid not
otherwise afford. And now, the govern-
ment's help is beginning to pay off. In
1986, its second year, Nuclear Filter
logged sales of $300,000, up from only
$60,000 a year earlier, Among his clients:
E.I. du Pont de Nemours, EG&G, Her
Majesty’s Ministry of Defence, and the
U.S. Navy. And, oh yes, the national labo-
ratory at Rocky Flats. O

LABORATORIES FOR ENTREPRENEURS
The government wanted Gary Seawright
to help cattlemen keep track of their herds.
His “failure” spawned a whole new business.

Although many of the national labs con-
duct secret research for military and in-
telligence agencies, unclassified work
usuzlly goes on right down the
corridor.

" Take the Los Alamos National Labo-
ratory, birthplace of the alom bomb,
There, veterinarian Gary Seawright
spent several years working on an
electronic-identification system for
livestock—a project of the Department
of Agriculture. Seawright's concern
was for animal disease control, and the
system would have allowed tracking of
cattle from sales and feed barns right
through to slaughter pens.

Only thing was that cattlemen
weren't ready for it, which was all
Seawright needed to stir his own en-
trepreneurial urges. He and his team
reworked their idea a bit and came up
with an application in the transporta-
tion field, tracking rail cars and ship-to-
trick cargo containers as they move
through' seaports and rail yards around
the country. The idea looked so prom-
ising that the Los Alamos lab helped
them to secure the patents on the
concept.

Patent in hand, Seawright quit the
lab, rounded up $500,000 in seed capi-
tal from a Dallas investor, and founded
Amtech Corp., which he located down
the street from the Los Alamos lab.
For his staff, he brought in five key
members of the original research crew,
Los Alamos was quite decent about it.
The lab’s legal staff was very helpful in
the reassignment process of the two
patents to Amtech. And a few of Am-
tech’s principals were granted two-

year leaves of absence, with their old

Amtech founder Gary Seawright
Staff and tachnology are from Los Alamos:

jobs guaranteed if the company
flopped.

Instead, the company is growing. In
its second year of operation, Amtech
last year booked $300,000 in sales, The
company now has a $150,000 contract
with American President Lines, a major
shipping company, and another con-
tract with Union Switch & Signal Divi-
sion to package and market the system
to railroads and mass-transit authori-
ties worldwide. And turnpike operators
in the Northeast see in the System a
way to unclog congestion at toll plazas,
where computers could automatically
identify a commuter vehicle and bill at
the end of the month; the car wouldn't
even have to stop. The first installa-
tion: New York's Triborough Bridge.

PATRICK BERRETT
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BUSINESS GOES
TO COLLEGE FOR
A BRAIN GAIN

As never before, universities are luring companies with partnership agreements and research
parks. Some are even promoting high-tech start-ups on campus. ' W by Jeremy Main




OUR high-browed Ph.D.s solemnly

carried out their assignment: Rede-

sign a coffee maker. They belong to

the Center for Industrial’ Innovation
on the wind-swept campus of Rensselaer
Polytechnic Institute (RPI) in Troy, New
York. Wait a minute. A university designing a
coffeepot? What's going on here? Why would
a distinguished institution of higher learning
put aside thoughts of quarks and quasars to
play with something so pedestrian?

The answer is that RPI took on the project
in exchange for a $116,000 fee from Norelco,
one of the hig-name corporate supporters of
the innovation center's manufacturing pro-
ductivity unit. Founders like IBM and Alcoa
contributed up to $500,000 apiece; affiliates,
including Timex, General

Industry added only $600 million last year,
but its support has tripled since 1980. Uni-
versities also benefit from the up-to-date
equipment business can donate, the extra in-
come professors and graduate students can
earn, and the stimulation of doing research
that moves rapidly into the marketplace. One
buzzword of the new alliance-is “technology
transfer,” which means turning research into
products. “Tradition has it that science to be
good has to be so pure as to be useless,” ar-
gues Cornell President Frank H. T. Rhodes.
“It's not s0.” Says Wesley Posvar, president
of the University of Pittshurgh: “Serendipi-
tous academic research typically takes ten to
15 years—or forever. There's no reason
why it should be so protracted.”

of an IBM 3090-400, John Daily, who man-
ages IBM's Academic Information Systems,
says; “‘This puts us in a highly visible envi-
ronment where the performance of IBM’s
best can be tested by the best people from all
over the country.”

Business-university alliances also improve
both the local economy and the competitive-
ness of U.S. industry. But they have been a
long time coming. For universities, ailiances
raise troublesome questions about academic
freedom, the purity of research, and the
amount of professors’ time and energy that
should go into off-campus activities. Compa-
nies worry that their secrets will leak out on
gabby campuses. At Carnegie Mellon Uni-
versity in Pittsburgh, IBM invested more
than $25 million in a sophis-

Dymamics, and Norelco, pay
$40,000 a year. All have the
right to hang around the
productivity unit, one of
three research groups at
the center. They get an ear-
ly look at what the scien-
tists are doing—and they
can woo the best students
at the same time. They can
also hire the center for pro-
prietary research, as No-
relco did. In that case the
result was a coffee maker
with snap fasteners. instead
of screws to make manufac-
turing easier, and with add-
ed features to entice the
consumer.

Academe and industry,
long disdainful antagonists,
have discovered that they
need each other badly.
Some colleges have always
had ties to business, but the
connection has never been so close as it is
today. Nothing seems likely to slow what a
recent National Academy of Sciences report
described as a “virtual explosion over the
past several years in the number and variety
of university-industry alliances.”

For universities, association with business
means research funds above all. The govern-
ment continues to be the predominant
source, but federal spending has leveled off
at $6.5 billion of the $14.2 billion spent annu-
ally on university research.

Probing glassmaking, one of Coming’s top
scientists, Michael Teter (standing), gets heip at
Cornell’s Theory Center, directed by Nobel
lawreate Kenneth Wilson (second from left).

Four Ph.D.s gt Rensselaer Polytechnic Institute, led by Leo Hanifin (second from
right), helped Novelco build a betfer coffee maker—ifor a $116,000 fee to RPI,

While universities are the more ardent
partners, companies also have good reason
to get cozy, Says Herbert I. Fusfeld, head of
RPI's Center for Science and Technology
Policy: “Many corporations are realizing
they can no longer bhe self-sufficient techni-
cally.,” High-tech companies, for example,
find that the time lag between pure research
and product has shrunk so much that they
need to be where the pure research is per-
formed. “We need a window on innovation,”

- says James P. Baughman, who supervises

management development for General Elec-
tric. “When someone veils ‘Eureka’ at RPI
or Stanford, we'll hear it.” Explaining why
his company has given Corneli’s supercom-
puter center about $30 million, including use

ticated network (called An-
drew, after the university’s -
two founders) that con-
nects every coneeivable
place on campus where a
terminal might be used—
10,000 rooms in all. At first
IBM insisted on security
passes for the Information
Technology Center that

contained the powerful new
RT PCs, which had not thex
been unveiled. Now that
the RT is public, the normai
free access of a university
has been restored.

As the industry-universi-
ty marriage evolves, such.
problems increasingly
seem more theoretical than
real. Considering the ani-
mosity toward business -
that students and faculty
felt in the 1960s, which sur-
vives in the form of South Africa divestment
protests, universities and industry have
come together with remarkably little outcry.
Qualms about academic purity may have
been eased in part by the discovery that a
professor can get rich by turning entrepre-
neur. Some 3,000 science and engineering
professors own stock in companies that are
based on their own research, and a number
have become multimillionaires.

Today’s entrepreneurial university can
provide a framework for thq whole life cycle
of a“business. Suppose an undergraduate
finds a subject that excites him. He becomes
a graduate student and makes a discovery.
The university helps him write a business
plan, acquire a patent, and raise seed money.
conbinued
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He takes his first steps in the university’s in-
cubator building for newly hatched entrepre-
neurs, moves to the university's research
park when sales pick up, and improves his
product in the university labs. Finally he suc-
ceeds, making a fortune. Naturally, he be-
comes a generous benefactor of the school.

LONG WITH RPI, the University

of Pittsburgh and its neighbor, Car-

negie Meilon, have pushed the busi-

ness alliance further than most.
Lalith Kumar, a 28-year-old native of India, is
one of the entrepreneurs nurtured at Carne-
gie Mellon. As a doctoral student in the early
1980s, he studied supercritical fuid extrac-
tion, the science of separating the com-
pounds of a fuid by using precise high
pressures. He wanted to apply the technol-
ogy commercially and found that by using it
to analyze chemicals he might develop a mar-
ket. While continuing to work for the Ph.D,
that he finally got in 1985, he co-founded Su-
prex Corp. and moved rent-free into an old
commercial garage that Carnegie Mellon had
turned into a business incubator.

“We needed inexpensive space to sur-
vive,” says Kurar. ‘‘Sometimes we couldn’t
even pay the engineer.” The university also
invested $20,000. Faculty members helped
with fund raising and scientific advice. On the
strength of $2.3 million in venture capital,
Kumar moved to Pitt's new 85-acre U-Parc
research center a year ago. He hopes to
reach $2 million in sales this year.

In their newfound worldliness, universi-
ties are offering sophisticated inducements
to get more support from industry. Each col-
lege has its own combination of deals, Here
are the choices a company mught have:

» THE RESEARCH PARK. Universities with
acreage to spare look enviously at the pio-
neering Stanford Research Park, established
in 1951 and a key ingredient in the growth of
Silicon Valley. Now fully developed, the park
has yielded Stanford $2.1 million annually on
average for the past 30 years, counting sub-
stantial prepayments on Jeases. Some parks,
like Princeton's Forrestal Center, are treat-

Campus entrepreneuvrs cen get advice,
office space, and even capilal from universities.
Lalith Kumar (top) set up a companyto make
chemical-analysis equipment while earning his
Ph.D. at Camnegie Melion, John Matrone
{center) and Hugo Kruesi (bottom) have started
companies at Rensselaer Polytechnic Institute’s
research park. Matrone makes auiomated
systems for testing civcuit boards, and Kruest
produces new, extra-strong materials.




Visiting Hoechs? scientist Siegfried Stengelin works with Harvard researcher Mary Ellen Rowe
at a molecular biology lab the West German company built at Massachusetts General Hospital,

ed simply as real estate investments avail-
able to any tenant; others, like RPI's, are
cpen only to companies doing research that
complements the university’s.

University research parks are breaking
out all over. In 1983 there were a scant doz-
en. Today there are 80, Pitt got U-Parc
ready-made last year as a result of Chevron’s
acquisition of Gulf Oil. Chevron gave the uni-
versity Gulf's research center 14 miles from
Pittsburgh, complete with 55 buildings and
research equipment. Pitt has already signed
up 36 tenants,

Still, only a handful of new parks will reach
the status of Stanford’s, according to Regi-
nald W. Owens, a park development consul-
tant and president-elect of the new
Agssociation of University Research Parks,
He argues that it takes a great research insti-
tution to create a major park, and even those
that reach for success on a small scale will
need “the ultimate in amenities.” Good
transportation is crucial too. “Without an air-
port, you're dead,” he says. Cornell's mod-

est park, with only a small airport next door,

is unlikely to blossom.

Even under the best of conditions, parks
muture slowly. Few produce much income
for their academic landlords. The University
of Utah's park, with 56 tenants, has never
topped $500,000 in annual rentals. But parks
do wonders for the surrounding community.
REPORTER ASSOCIATE Barbara Loos
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Each professional researcher adds about
$125,000 a year to a local economy, says
RPT's Fusfeld. North Carcling’s Research
Triangle, bounded by three major universi-
ties (Duke at Durham, the University of
North Carolina at Chapel Hill, and North Car-
olina State at Raleigh), employs 9,000 Ph.D.s.
P AFFILIATES. MIT set the pattern in 1948
by establishing a program that gives compa-
nies access to the university for a fee. Today
MIT has 300 affiliates, including one-third of
the FORTUNE 500 companies that do serious
scientific research. MIT's affiliates pay
$10,000 to $100,000 a year, depending on
their size. In return, their executives can at-
tend seminars, get advance word of scientific
papers, and even call professors to discuss
problems. Sometimes professors visit com-
panies. For a fee, corporations can send their
own scientists to work in MIT labs. The pro-
gram, administered by a 50-person industrial
liaison office in Cambridge and a branch in
Tokyo, raised a good chunk of the $38 milfion
that industry contributed in 1986 to MIT's
$256-million research budget.

Today it would be hard to find a university
without an affiliate program. Fees can range
up to the $250,000 a year charged by Carne-
gie Mellon’s Magnetics Technology Center,
At Comell's new Thecry Center, which

houses the IBM 3090-400 supercomputer, -

affiligtes pay $100,000 a year each. The Cor-
ning Glass Works' contribution entitles the

company to send one of its top scientists, Mi-
chaei P. Teter, to do research in the Theory
Center. He spends a couple of days a week at
Cornell working on such fundamentat prob-
lems as three-dimensionai uid flow model-
ing of the glassmaking process. He says the
supercomputer enables him to work out sim-
ulations in three months that would take 20
years in the arcane world of glassmaking,
More important than the supercomputer,
says Teter, are insights he gets from access
to half a dozen of the worid’s top mathemati-
cians and physicsts, including the center's
director, Nobel laureate Kenneth G. Wilson.
» PARTNERSHIPS. Universities and corpora-
tions sometimes go beyond mere affiliation
to merge forces in joint ventures. When
Monsanto wanted to expand from chemicals
into biotechnology in 1982, it signed a joint
research agreement with Washington Umnm-
versity, a neighbor in St. Louis that is strong
in biclogy. Monsanto will pay the university
$62 million over 8% years. Hundreds of
Monsanto and university scientists are
working on some 30 projects that show -
promise of pushing the results of basic re-
search rapidly into the market. The partner-
ship has already started clinical tests on
several products. At least one of them—syn-
thetic atrial peptides, like the protein frag-
ments produced naturally by the heart to .
regulate blood pressure—may be on sale by
the end of the decade. Washington Universi-
ty scientists synthesized the atrial peptides;
Monsanto’s purified them and produced
more for tests. The university will own the
patents, but Monsanto will have exclusive
rights to them.

ERMANY'S Hoechst AG, the

world’'s fourth-largest chemical

company, provides all of the sup-

port for the molecular biclogy de-
partment at Massachusetts General Hospital
in Boston, a teaching hospital for Harvard's
medical school. Hoechst spent $10 million to
build the department’'s labs and offices,
equipped them for another $1.5 million, and
provides the entire $6-million annual operat-
ing budget. The department does no directed
research for Hoechst and would resist any
request to do so, says its chief, Howard M.
Goodman. But it sure can hélp.

Hoechst has 2 new herbicide called Basta .
that-leaves no residue but kills crops and
weeds alike. As often heppens in the busi-
ness-university alliance, Hoechst’s practical
problem spurred the Harvard scientists into
solving a theoretical problem: They did the
basic thinking about genetic engineering that -
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will help make desirable plants immune to
the herbicide. Now Hoechst scientists are
applying those theories to create resistant
strains of corn and beets. Most important to
Hoechst, Harvard gives it a window into mo-
lecular biology, a field in which it feels weak.
Hoechst has the right to assign four scien-
tists to the [ab and to have company scien-
tists and executives get regular briefings. -
P PATENTS. Academics used to think it was
wrong to take out patents to profit from in-
ventions that they felt should be freely avail-
able to the public. This altruism was dented
in the 1970s by the recognition that compa-
nies are unwilling to invest much in unpro-
tected inventions. Besides, why should
universities give up an extra source of in-
come? Most now have patent offices and re-
quire professors to assign rights to their
inventions to the university, unless the gov-
ernment has financed the work. The profes-
sor and the college split any income.
Stanford hopes to beat all records with
some 80 licenses taken out on the universi-
ty’s recombinant DNA patent, one of the
most scientifically exciting and financially

Harvard President Derek
Bok aroused his faculty to
fury when he tried to

get the university a 10%
stake in Genetics Institute

- Inc., abiotechnology
‘company founded by two

Harvard professors.

.|
promising inventions of recent decades.
Stanford almost missed that golden goose.
When Stanley Cohen of Stanford and Her-
bert Boyer of the University of California at
San Francisco discovered the key to genetic
engineering in the 1970s, they delivered a
paper making their work public. In the aca-
demic tradition, they did not file for a patent.
The university’s news director, Robert
Beyers, spotted a newspaper account of
their research and took it to the office of

technology licensing, The university filed for
a patent just before expiration of the one-
year period after which their ideas would
have been in the public domain. In five years,
says Niels Reimers, head of the office of
technology licensing at Stanford, that patent
will be worth more than $10 million a year.
Genentech, the company created by the pat-
ent, is even more valuable. Boyer put $500
into the company ten years ago and today
owns shares worth $105 million. Reimers
says his staff of 13 evaluates about three dis-
coveries a week and licenses about one out
of eight. He expects revenues to reach $6
million this year,

Despite such bonanzas, “most patents are
junk,” says RPI President Danie] Berg. Har-
vard's patent office, opened in 1977, took in a
meager $200,000 last year. Still, many col-
leges figure that if they build up their bank of
patents and more research becomes salable,
income will increase substantially,

» EQUITY PARTICIPATION. If professors’
equity in their companies can be worth mil-
lions, why don't universities take a piece of
the action? A few do, but most feei the risk of
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conflict of interest is too great, Says Cor-
nell's Frank Rhodes: “If a university has eq-
uity in the companies of its faculty members,
that makes the university less than impartial
in promotions, support, and so forth.” Har-
vard President Derek Bok aroused his facul-
ty to fury in 1980 when he tried to get the
university a 10% stake in Genetics Institute
Inc., a biotechnology company founded by
Harvard professors Mark Ptashne and Tom
Maniatis. Bok backed off. Other institutions,
among them Carnegie Mellon, Washington
University, and the University of Utah, are
willing to take positions either directly or
through foundations they control.

By now equity participations and other
questions of academic integrity are pretty
well covered by rules worked out with much
windy discussion but remarkably little con-
traversy. Professors have long been allowed
to work off campus one day a week, usually
as consultants, and the rule now extends to
academic entrepreneurs. They can put in
that day as board members or consultants at
their own companies, but if they want to be
line executives they must quit or go on leave.

QOne big problem for companies that want
to hang on to competitive secrets is universi-
ties’ commitment to publishing research re-
sults, Most universities will not undertake
secret or proprietary research for compa-
nies, and if they do, they insist on the right to
publish—though not immediately. Some will
wait 2 month; Carnegie Mellon permits a

_-three-month delay if a company insists. Since

academic journals are rotoriously slow any-
way, the lag is immaterial. By having an early
look at the research, the companies gef all or
most of the head start they need.

ESERVATIONS about the universi-
ty-business alliance seem strongest
at well-endowed liberal arts colleges
and scarce at technically oriented
schools that have to scramble for money. At
rich old Princeton, the new dean of engineer-
ing, Hisashi Kobayashi, has begun to encour-
age mingling with industry. Even so, he is
cautious. “The atmosphere is different
here,” he says. “Our traditional strength lies
in scholarly work and publishing rather than
running around developing products and

starting companies. If we emphasized indus-
trial collaboration too much, the atmosphere -
of the university would change.”

These are honeymoon days for the new al-
Hance. “There’s no downside to it that [
could discern,” says David Gardner, presi-
dent of the University of California system
and head of the University of Utah for ten
years as it built exceptionally close relations
with business. But problems will surely sur-
face. Some universities will see their re-
search parks fail; others may find they have
strayed uncomfortably far from teaching and
disinterested research. But the relationship
plainly offers a way to get the fruits of inven-
tion into the economy faster and better,
which cannot help but make the U.S, more
competitive, Carnegie Mellon President
Richard M. Cyert believes that universities
cooperating with industry could act as an in-
formal answer to Japan's vaunted Ministry of
International Trade and Industry (MITI), the
powerful government-business partnership
that has done so much for Japan. By and
large, that American odd couple, collages and
commerce, looks to be a lasting union. £
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gift, theft and license, our technology is leaking abroad
almost as fast as we develop it. So scratch the long-term dream of
a U.S. living off exporits of bigh-technology goods and services.

Does anyone really '
believe in free trade?®

EVER minD if the U.S. loses its
manufacturing skills; we’ll just

By Norman Gall

now a Brazilian.
His company, Microtec, is Brazil’s first

import manufactured goods and pay for them
by exporting high technology and knowledge-
oriented products. Steel in, software out. Autos
in, microchips out.

That's a comforting theory held by a lot of people. Is it
workable? Increasingly it looks as if it is not workable. The
whole concept is being seriously undermined as U.S. inno-
. vations in technology are adopted not only by Japan but
also by such fast-developing countries as South Korea,
Brazil, Taiwan, even India.

While these countries are more than happy to sell us
manufactured goods, they closely control their own im-
ports of technology goods they buy from us. Exports of
computers and other high-technology products from the
U.S. are still huge, but the long-term prospects are in
question. In areas of medium technology, mini- -

computers in particular, developing countries are .y -

adapting or stealing U.S. technology or licens-
ing it cheaply to manufacture on their own.

Many of the resuiting products are flooding
right back into the U.S. ‘

The Japanese developed this policy toa 3
fine art: Protect your home market and
then, as costs decline with volume, man-
ufacture for export at small marginal cost.
A good many developing countries have
adopted the Japanese technique.

Against such deliberate manipulation of
markets, what avails such a puny weapon
as currency devaluation? Whether the
dollar is cheap or dear is almost irrel-
evant. Free trade is something we
all believe in until it clashes with
what we regard as vital national
economic interests.

These are the broad trends.
Now meet Touma Makdassi
Elias, 41, an engineer born in
Aleppo, Syria. Elias has a mas-
ter's degree in computer sci-
ence from San Jose State, in
Silicon Valley, and a doc-
torate from the Cranfield
Institute of Technology
in England. Grounded
in European and U.S.
technology, Elias is 4

FORBES, DECEMBER 15, 1986

and biggest producer of personal computers. Elias came to
Sao Paulo eight years ago to teach night classes in engi-
neering. In 1982 the Brazilian government banned imports
of smail computers. Seizing the opportunity, Elias started
making the machines in the basement of a supermarket in
the industrial suburb of Diadema.

Technology? “We worked from IBM technical man-
uals,” Elias told Forses. “We had a product on the market
by 1983. We started making 20 machines a month. Soon
we’ll be making 2 400, Now my brother may be joining our
firm. He's a graduate of the Sloan School of Management
at MIT. He’s been managing an investment company in
Dubai, in the Persian Gulf, but we need him here. Brazil is
one of the world's fastest-growing computer markets.”

There you have it in a nutshell: foreignets, some of them
U.S.-educated, copying—stealing, to be blunt—U.S.
technology and reproducing it

own governments, An iso-
lated development? No,
this is the rule, not the ex-
ception, in much of the
world, How, under such
circumstances, can the
U.S. expect to reap the
p, fruits of its own science
and technology?

Time was when tech-
nology spread slowly.
Comumunications were
sluggish and nations
went to great lengths to
keep technological in-
novations secret. In
northern Italy 300 years
ago, stealing or disclosing
the secrets of silk-spinning
machinery was a crime pun-
ishable by death. The ma-
chines were reproduced in
England by John Lombe only
after he spent two years at
risky industrial espionage in
Italy. At the height of the
_ Industrial Revolution,

» Britain protected its
" own -supremacy in

115

with protection from their




textile manufacture through laws banning both exports of
machines and emigration of men who knew how to build
and run them.

These embargoes on the export of technology were even-
tually breached. France sent industrial spies to England
and paid huge sums to get British mechanics to emigrate.
By 1825 there were some 2,000 British technicians on the
European continent, building machines and training a new
generation of technicians. A young British apprentice,
Samuel Slater, memorized the design of the spinning
frame and migrated to the U.S. in 1789, later establishing a
textile factory in Pawtucket, R.L So, in the end, the tech-
nology became commonplace, but it took decades, and, in
the meantime, England was profiting handsomely from its
pioneering.

Not so today, when 30% of the students at MIT are
foreigners, many destined to return to their native lands
and apply what they leam of U.S. technology. What once
was forbidden, today is encouraged. Come share our
knowledge.

Consider the case of Lisiong Shu Lee, born in Canton,
China in 1949, raised in Rio de Janeiro, now product
planning manager for SID Informatica, one of Brazil’s big
three computer companies. Like many leading Brazilian
computer technicians, Lee is an engineering graduate of
the Brazilian air force’s prestigious Aerospace Technical
Institute near Sio Paulo. Bom in China, raised in Brazil,
educated in the U.S. “When [ was only 24,” Lee says, 1
was sent to the U.S. to debug and officially approve the
software for the Landsat satellite surveys devised by Ben-
dix Aerospace.” Lee later worked eight years with Digital
Equipment’s Brazilian subsidiary.

Like Microtec’s Elias, Lee had learned most of what he
knew from the Americans. In teaching this pair—and tens
of thousands like themm—U.S. industry and the U.S. acade-
mies created potential competitors who knew most of
what the Americans had painfully and expensively
learned. Theft? No. Technology transfer? Yes.

In Brazil over the past few years, the Syrian-bom, U.S..
educated Elias played cat-and-mouse with lawyers repre-
senting [BM and Microsoft over complaints that Microtec
and other Brazilian personal computer makers have been
plagiarizing IBM’s BIOS microcode and Microsoft’s
MS-DOS operational software used in the IBM PC. The
case was settled out of court. Brazilian manufacturers
claimed their products are different enough from the origi-
nal to withstand accusations of copyright theft.

Where theft and copying are not directly involved in the
process of technology transfer, developing countries find
. ways to get U.S. technology on terms that suit them. They
get it cheaply. Before President José Sarney departed for his
September visit to Washington, the Brazilian govetnment
tried to ease diplomatic tensions by announcing approval
of IBM’s plaas to expand the product line of its assembly/
test plant near Sao Paulo. [BM will invest $70 million to
develop Brazilian capacity. for producing the 5-gigabyte
3380 head disk assembly {HDA).

Ah, but there is a tradeoff involved in the seeming
concession by the Brazilians. The tradeoff is that [BM’s
expansion will greatly improve the technical capabilities
of local parts suppliers to make a wider range of more
sophisticated products. About a third of the key compo-
nents in BM's HDA catalog will be imported, but Brazil-
ian suppliers will get help in providing the rest, some
involving fairly advanced technologies. '

But does what happens in Brazil matter all that much?
Brazil, after all, is a relatively poor country and accounts
for a mere $3 billion in the U.S.’ $160 billion negative
trade balance. Brazil matters very much. For one thing,

ilé
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Microtec’s personal computer factory in Sdo Paulo
Designs cribbed from IBN technical manuals, but different enough to withstand accusations of copyright thet.
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el Ry i~
Mictrotec founder Touma Makdassi Elias
- From Syria to Sao Paulo via Silicon Valley.

. Newsstand in Sao Paulo
Plenty of reading choices for computer hackers, too.

what happens there happens in similar ways in other
developing countries—and some developed ones as well.
Brazil, moreover, is fast adapting to the computer age. The
Brazilian computer industry employs over 100,000 people.
It includes everything from the gray market of Sao Paulo’s
Boca de Lixo district to the highly profitable overseas
subsidiaries of IBM and Unisys. Both subsidiaries have
been operating in Brazil for more than six decades and, for
the time being, have been profiting from Brazil’s closed-
market policies. It includes many manufacturer/as-
semblers of micro- and minicomputers and of peripherals.
Companies also are appearing that supply such parts as
step motors for printers and disk drives, encoders, multi-
layer circuit boards, high-resolution monitors, plotters and
digitizers. The Brazilian market is bristling with new
computer publications: two weekly newspapers, ten maga-
zines and special sections of daily newspapers.

Brazil is only a few vears into the computer age. Its per
capita consumption of microchips works out to only about
$1.40 per capita among its 140 million inhabitants, vs.
$100 in Japan, $43 in the U.S. and about $6 in South Korea.
But given the potential size of the market and Brazil's
rapid industrialization, it could one day absorb more per-
sonal computers than France or West Germany. -

The point is simply this: In their natural zeal to make
Brazil a modém nation rather than a drawer of water and
hewer of wood, its leaders are determined to develop high-
technology industry, whether they must beg, borrow or
steal the means. Failing to develop high-technology indus-
try would be to court disaster in a country where millions
go hungry. But in doing what they must, the leaders of
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Brazil and other developing countries run strongly counter
to the economic interests of the U.S.

Because of these nationalistic policies, foreign-owned
firms are banned from competing in Brazil’s personal com-
puter and minicomputer market. Brazil’s computer indus-
try is not high tech, if that means being near the cutting
edge of worldwide technological advance. But it does show
the ability of Brazilian businessmen and technicians to
shop for and absorb standard technology, without paying
development costs. In computers, where knowledge is the
most expensive component, it becomes cheap to manufac-
ture if you get the knowledge free or almost free. The U.S.
develops, Brazil copies and applies. There are perhaps a
dozen Brazils today.

“We're a late entry and can pick the best technology,”
says Ronald Leal, 36, co-owner of Comicro, a CAD/
CAM equipment and consulting firm. “We don’t waste
money on things that don’t work. In 1983 we saw a market
here for CAD/CAM done with microcomputers. We
shopped around the States and made z deal with T&W
Systems, a $10 million California company that has 18%
of the U.S. micro CAD/CAM market. T&W helped us a
lot. We sent people to train and they came to teach us.”

Comicro learned fast. Says Leal: “We developed new
software applications that we’re now exporting to T&W.”

Brazil exporting computer designs to the U.5.2 Only five
years after IBM began creating a mass market for the
personal computer, the U.S. home market is being invaded
by foreign products—of which Comicro’s are only a tiny
part. Technological secrets scarcely exist today.

Aren’t the Brazilians and the others simply doing what
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Listong Sbu Lee of SID Informatica
Theft 7 No. Technology transfer? Yes,

36

the U.S. did a century and a half ago—protecting its infant
industries?

If that were all, the situation might not be so serious for
the U.S. But pick up any U.S. newspaper these days and
count the advertisements for Asian-made personal com-
puters claiming to be the equivalent of the IBM PC but
selling at maybe two-thirds of IBM’s price.

According to Dataquest, a market research firm, Asian
suppliers will produce nearly 4.5 miilion personal comput-
ers this year. At that rate, they should capture one-third of
the world market by next year. Taiwan now is exporting
60,000 personal computer motherboards and systems
monthly, 90% of which are BM-compatible. Of these,
70% go to the {J.S. and most of the rest to Europe. Korea,
Hong Kong and Singapore together ship another 20,000
each month.

Dataquest says it takes only three weeks after a new
U.S.-made product is introduced before it is copied, manu-
factured and shipped back to the U.S. from Asia.

Thus the U.S. bears the development costs while for-
eigners try to cream off the market before the development
costs can be recouped. That is the big danger. The days
when a person could be executed for industrial espionage
are gone.

President Reagan recently warned that the U.S. is being
victimized by the international theft of American creativ-
ity. Too many countries turn a2 blind eye when their
citizens violate patent and copyright laws. In 1985-86 U.S.
diplomats successfully pressured Korea, Singapore, Malay-
sia, Taiwan, Hong Kong and Thailand to pass or at least to
draft legislation enforcing patents and copyrights more
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strictly. Brazil is a major holdout.

The difficulties between Brazil and the U.S. over com-
puters crystallized in the 1984 Informatica law, which
Brazil’s Congress passed overwhelmingly near the end of
two decades of military rule. The law, in effect, legalizes
stealing—so long as the victims are U.S. technology ex-
porters. Complains the head of a leading multinational
whose business has been curtailed under the new law:
“They want our technology but want to kill our opera-
tions. This whole show is sponsored by a handful of sharp
businessmen with connections in Brasilia who are making
piles of money from their nationalism.”

The new law formally reserved the Brazilian micro- and
minicomputer market for wholly owned Brazilian firms. it
allowed wholly owned subsidiaries of foreign companies—

IBM and Unisys—to continue importing, assembling and .

selling mainframes, but not out of any sense of faimess. It

was simply that Brazilian companies were unable to take’

over that end of the business.

Under the law, joint ventures with foreign firms were
allowed only if Brazilians owned 70% of the stock and had
“technological control” and “decision control.”

The main instruments for implementing this policy
were tax incentives and licensing of imports of foreign

 hardware and knowhow, all to be approved by the secretar-

iat of information science (SEI),

In 1981 Brazil’s then-military government decreed that
SEI would control the computer and semiconductor indus-
tries and imports of any and all equipment containing
chips. The implications are especially ominous for U.S.
interests: Brazil’s SEI is modeled, quite openly, on Japan’s
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notorious Ministry of Internation-
al Trade & Industry {MITI). Bra-
zil’'s computer policy today fol-
lows the line of a mid-Fifties re-
port by MIIT's  Research
Committee on the Computer.

In the 1950s and 1960s MITI
used Japan’s tight foreign ex-
change controls to ward off what
its nationalist superbureaucrat of
the day, Shigeru Sahashi, called
“the invasion of American capi-
tal.” In long and bitter negotia-
tions in the late Fifties, Sahashi
told IBM executives: “We will
take every measure to obstruct the
success of your business unless
you license IBM patents to japa-
nese firms and charge them no
more than 5% royalty.” In the end,
IBM agreed to sell its patents and
accept MITI’s administrative guid-
ance on how many computers it
could market in Japan. How many
Japanese products would be sold in
the U.S. today if this country had
imposed similar demands on the
Japanese?

Some U.S. economists are de-
scribing the result of the Japanese

Where the chips fall

No matter how you slice it, per capita
or by dollar volume, most of the
world’s semiconductors go to the U.S,,
Japan and Europe. Don’t be misled,
though. The smaller markets matter,
especially to the governments that
work s¢ hard to protect them,
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while they talk, the Brazilians do
what they please.

U.S. Customs has responded to
manufacturers’ complaints by
stopping pirated products at the
border. But the Taiwanese now
have such cost advantages that
they can easily afford to license
technology that they have aiready
copied. The Koreans are more
scrupulous, but pirated technol-
ogy not reexported to the U.S. is
very hard to control.

More than three years ago Edson
de Castro, president of Data Gen-
eral, told 2 Commerce Depart-
ment panel that foreign nations’
computer policies “threaten the
structure and future of the U.S.
computer industry.” De Castfo ex-
plained why: “U.S. computer com-
panies are reliant on international
business and derive a substantial
portion of revenues from exports.
Because of the rapid pace of tech-
nological development, the indus-
try is capital intensive. Growth
and development rely heavily on
an expanding revenue base. This
can only come from full participa-

policy as the “home market ef-
fect.” They mean that protection-
ism in the home market tends to
create an export capability at low

tion in established and developing

global markets. Reliance upon do-

mestic markets is not enough.”
Yet after resisting the Brazilian

marginal cost.

“Home market protection by one country sharply raises
its firms’ market share abroad,” says MIT’s Paul Krugman,
reporting the results of computer simulations of interna-
tional competition in high technology. ‘Perhaps even
more surprising, this export success is not purchased at the
expense of domestic consumers. Home market protection
lowers the price at home while raising it abroad.”

Brazil surely has similar intentions, IBM and other U.S.
computer companies are transferring technology to Brazil
as never before.

The Brazilians may have grasped a reality that the U.S.
has beer unable politically to address: that while there is
no way to check the fast dissemination of technology
today, the real prize in the world economy is a large and
viable national market—a market big enough to support
economies of scale and economies of specialization. In
short, while a country can no longer protect its technology
effectively, it can still put a price on access to its market.
As owner of the world’s largest and most versatile market,
the U.S. has unused power.

Taiwan, Korea, Hong Kong and Singapore, lacking large
internal markets, could develop only because they had
easy and cheap access to the rich U.S. market.

Why doesn'’t the U.S. reciprocate? The Reagan Adminis-
tration has threatened to restrict imports of Brazilian
exports to the U.S, by Dec. 31 if Brazil doesn’t 1} protect
software with new copyright legislation, 2) allow more
joint ventures with foreign firms, and 3} publish explicit
rules curtailing SEI's arbitrary behavior.

But the Brazilians are hardly trembling in their boots.
Brazilian officials hint that if Brazilian exports to the U.S,
are curbed, Brazil won’t be able to earmn enough dollars to
service its crushing external debt. Diplomats of both coun-
tries want to avoid a showdown, so they keep talking. And

&
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government’s demands for a de-
cade, de Castro’s Data General is selling technology for its
Eclipse supermini to Cobra, the ailing government com-
puter company. Other U.S. computer manufacturers are
following suit.

Hewlett-Packard, in Brazil since 1967 with a wholly
owned subsidiary to import and service the company’s
products, has just shifted its business into. partnership
with Iochpe, a Brazilian industrial and finance group. A
new firm, Tesis, 100% Brazilian-owned, will make HP
calculators and minicomputers under its own brand name.

“QOnly afew years ago HP refused to enter joint ventures,
but now we have ones going in Mexico, China, Brazil and
Korea,” says a company executive. “In the past we felt,
since we owned the technology, why share the profits?
Then we found we couldn’t get into those foreign markets
any other way."”

Harvard Professor Emeritus Raymond Vernon, a veteran
analyst of international business, says of world technology
markets: “Except for highly monopolistic situations, the
buyer has a big advantage over the seller. Countries like
Brazil and India can control the flow of technology across
their borders and then systematically gain by buying tech-
nology cheaply.”

Vernon draws an ominous parallel: “A century ago the
multinationals were in plantation agriculture and electric
power. Now they're all gone because their technology and
management skills were absorbed by local peoples. The
same thing is happening in other fields today, including
computers.”’

This is why it makes little difference whether the dollar
is cheap or dear. In this mighty clash between nationalism
and free trade, nationalism seems to be winning. Where
does this leave the U.S. dream of becoming high-technol-
ogy supplier to the world? Rudely shattered. B
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By Leonard Curry :
Washmgton StarStafFWnter B

--Ned Helzer is head of the blggest

‘Buthe isn't happy about it..

is. because - securities ' regulation  is
killing off the rest;”’ says Heizer. And .
1he claims his-own. company, Helzer
.Jisnextonthe list.

:"elzer is in the.. venture: capltal

" “get'cash anywhere else.

V-financing 33 companies that now
.. have over $1 billion in sales, pay-$150 -
million in tdxes and employ 20,000, -
“Common sense would say-that
‘HEIZE[‘ Corp should continue: in- ‘busi-
nesss,’ he says. But Heizer says the
company’s- stockholders. .want. the

-firm to go public'so they. can cash in: .

.. their intérests at some point.’
Fedeéral investment company regu-

-+ lation prohibits the offering and the -

o Securities- and Exchange Commiis-
sion is unlikely to grant an.exemp-
_'tion, says Heizer, who has hired for-

__mer SEC Chalrman Ray Garrett to .
P represent the . company in the ati

'_"tempt .
*. There'is @ genera

company of its type in the: country;--._

“The only.reason we're’ the b:ggest‘-

o ‘busmess _That means his firm bank-.

In nine years, Heizer Corp reportS- :

' stranghng small_ busmesses that afe:

" the backbone of " the natmns ‘com-
‘merce. :

WILSON JOHNSON presndent of

‘the National Federatmn -of Indepénd-
“ent'Businesses, insists it is a fact. ““A.
“form that is'a snap for a major cor:
-poration to complete is often unintel-

- ligible to small busmess It sunply
lacks the éxpertise.”

"Johnson - says. small. busmessmen_’
frequently aren’'t even aware: some :
regulatxons exist . unnl there is a-

- violation. "

Six of every 10 jobs are. m ‘the
small business” sector.. Small busi-
;. nesses generate nearly half the gross |

" national product, and most of the
important innovations - a fact whic

‘often turns them into big businessey,
‘Texas Instruments’ being a reee to

example. f
In the wake of the Cahforma Vi e

to roli.back taxes and reduce goverk-

"ment,; & flood of bills was introduced

»in:Congress to remove some of the
regulatory burden on business, pars’
ticularly on companies with gross.

sales in the low millions of dollars.

_ Although little noticed at first be-'-
. cause they-were set aside to await’

agency comment the‘e bills-are no

‘ pleted their reviews and made cog
~ments.

sharp complalnts ‘from regulatory .'
- officials that the public interest is not

being served,

Even their sponsors don’t be]nejr )

the™bills will advance far. before.the .

cmrrent-Congresy expires, but they do !
expect signiiicani gaing o . &

i
anuar

cleared ihe Senate Judiciary Com-

mittee. Similar legislation is now
. moving through the House. ‘

. REP. CALDWELL BUTLER,
., who introduced one of the im-
pact bills, says he is “a little disap-
pointed”” that
more than it has. :
“I think it's gomg 1o move r1g't_‘_
along next year,’ * Caldwell said, bg-
cause the agencies have finally co:

“There s a lot of mteres i

t L3
Rep Marth R

concern that excessive regmatlon'

will create an economy environment. - - ¥

under which only the biggest and:
strongeat corporations wiil exist.

-+ The " government passes  regula- -
. ‘tions that are burdensome for small"
' ‘tompanies to carry out and are often::
-’in - conflict, the Iilmms Demcmrat' .

says. - :
- Rep. Bob Eckhardt, . D- Texas -

t tommittee on special -
-smali business problems, EXpresses

it hasn’t advanci di‘ j

il general

| are 'more subtle.” These includ

. A bxll requiring regulatory-.
._agen’t‘:les‘to analyze the_ impact of -
regulations on small business has -

~/on the small concerns,”
Small Busmess Administration.

. collapse because of one reguig

=~ gurities
‘would erode the dgéncy's mandat
:protect the investing public.

- ¢y and the Federal Trade Comm

- tating.
\regu atmn take into account the

=“ErRiroughont the-1970s, the ai
-of capital:flowinig-to- small -bus
- ventures has been:declining dra
cally," Eckhardt says. He notes
economic conditions:
investors burned in the go-go m
gf the late }9605 are part,ly resp
“ble.w:
Bt Eckhardt says “other rée ity

curities regulations that foreci
from'thé market companies scekin
to provide capital — like Ned Héi;
er’s company — for new produgt
atmd concepts that are hzghly specu
ive.

SINCE MOST of these ventu
- fail, the SEC has taken a dim vie
" But a few will be.successful, off
spectacularly s0. But Eckhardt’ 58
the SEC is blocking these compan
by foreclosing them to.investors
ious to take plunges.
In other areas. of regulatmn
the Envirenmental Protection Ag

sion, the burden :is welghed agar
sma!l busmess - ERR

ealw blgbusmess
7 the - same regulation
el equally across the boardi
large and small businesses,
mpdrative burdén is much gre:
‘says- Milf
chief counsel - at’ jh5

D. Stewart,,

Stewart says a company wou

but the cumulative impact i ¢eb
“It is time that govephme

f and  impact on the
pames bemg regula
agenmes are
smtmg changes in their rules A&j
orders. SE€ Chairman Harold M
Williams said'mass exemptions to's
laws  for small busines

- And A, Daniel O’Neal, chasrmah

chairman of a House Cemmerce sub—;
committee, complains that excesgive
régulation by the Sécurities and Ex-
change Commission is drying up gew
capital sources thaf are-vital—to—f-
“hance mnovatlons that w:ll mam
; eimn <

i

:the‘I'ntersta.te Commerce Comm
. sion, complains that legislation o
“ quire impact statements on truck
_ with $6,5-million in-annual revenug:
-would include a large number or
natmn s biggest carriers. .

/. Y
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Plugging the U.S.

trading partners over autos, TV sets, oranges,
steel bars and semiconductors. Next comes a
hattle over knowledge. .

The protection of American inventions,
laboratory research and inteflectua! property from
unfair exploitation has moved to the top of the
Reagan administration’s agenda for the next round
of international trade negotiations.

It also has become a prime issue for leaders of
universities and government labs, who argue that
the basic research at their institutions constitutes
America’s best remaining competitive edge in
world trade. ‘

There are now suggestions that some of that
research be put off limits to foreigners or that .
access be [imited, at least temporarily. Call it a
“buy American” approach to government-funded
research and development,

Richard M. Cyert, president of Carnegie-Mellon
University—one of the nation’s centers of research
on r ivanced industrial processes-—says the
competitive importance of the U.S. research
establishment must be recognized.

“The United States, in my view, is in an
analogous position to being on the frontier in

' T he United States has quarreled with its®

BEHR, From El

legislation called the Federal Technology Transfer
Act of 1986,

The bill’s main purpose is to help American
companies, universities and other institutions tap
research in the nation’s 700 federal laboratories,
The labs would be authorized to enter into
‘cooperative joint research arrangements aimed at
speeding their technology into commercial use.

Foreign companies aren't prohibited from joining

in such cooperative ventures, but preference is to be ‘

given to American firms that agree to manufacture
in the United States.

Senate Majority Leader Robert J. Dole (R-Kan.),

and Sen. John D. Rockefeiler IV (D-W.Va.) added a
section that is aimed at assuring that American
companies get reciprocal access to foreign labs. In
reviewing proposals by foreign compantes, federal
lah directors “may examine the wiilingness of the
foreign government to open its own laboratories to
U.S. firms," the legislation says.

Although the bill has strong congressional
backing, there is some question whether Reagan will
sign it.

Access to American research y
facilities—government and university—will become
even more important in a competitive sense as these
laboratories try to push their discoveries into the
marketplace more rapidly.

University of Michigan has set up an “intellectual
properties” office to help inventors obtain patents
and to offer advice and aid in turning the inventions
into products or commercial services, Like
Carnegie-Mellon and most other major universities,
Michigan is expanding its connections with
American manufacturing companies.

| PETER BEHR |

Knowledge Leak

colonial times. We really are fighting for our
economic life. Unless we are able to do some things
in universities to help in this, I think our whole way
of life, our whole standard of living in this country
is going to go down the drain.”

Cyert said he would be willing to consider a
proposal that would boost federal research support
for American universities—with the requirement
that the research work be restricted to U.S.
citizens.

“I'd be interested in it, if we limited the period
.. .. I'd be willing to go along with that for a Jittle
while, I'm sure it would be unpopular, in the sense
that we Jike to think of ourselves as world citizens.

“It's obviously something I'm uncomfortable
with. . . . But we want to have America get some
temporary advantage from the research that we
can do. . . . The notion that somehow you want to
do something for your country should not be
something that a university president is ashamed
of " said Cyert, '

Congress is not considering such a proposal. But -
it has approved and sent to President Reagan

See BEHR, E2, Col. 4

In all of these area, universities must walk the
narrow line between advancing the U.S. national
interest and maintaining a tradition of open access
to all. It is a microcosm of the free-trade, fair-trade
dilemma confronting Congress and the
administration.

Gilbert R. Whitaker, dean of the University of
Michigan's Graduate School of Business
Admunistration, notes that the school still looks
actively for non-American MBA candidates.

“The Japanese send 10 to 15 students a year.
Now we’re getting increasing numbers of Koreans.
‘They're obviously here to iearn something about
Arnerican culture and American business to take
back with them. We’'re trying to learn similar things
about their culture,” he said. _

Whitaker believes that the United States has
more to gain through a continuing exchange of
ideas, technology and expertise. “We'd like to get
technology from elsewhere to put tagether with our
knowledge. . . . We don’t have a monopoty on -
brains.” :

Cyert agrees, with one qualification. “One of the
great accomplishments of the United States has
been the dissemination of its knowiedge and

- technology around the world. . . .

“We want the bucket to leak. We do want the
stuff out there. To the extent we can hold back a
little bit, say by some restrictions on licensing, or on
access to the most up-to-date [research], it would
give us a little bit of a comparative advantage.”

The search for that advantage promises to
transform the way universities, company managers
and politicians think about the American research
establishment,



Academic Freedom and the
Classified Information System

Robert A. Rosenbaum, Morton J. Tenzer, Stephen H. Unger

William Van Alstyne, Jonathan Knight

A recent report (I) on the network of
statutes and regulations which have been
invoked by government officials to re-
strain unclassified -research and travel
and publication by academic researchers

concluded that these restrictions abridge

academic - freedom significantly beydnd
the needs of national security. It was
also argued that the nation’s security is

ill-served by the restrictions in that barri-
¢rs to learning from others, as well as the
suppression of innovative work whenev- -

cer in the Air Force who teld him, a
week before the symposium, that his
papers had not been cledred and there-

fore should not be presented. The pro--
fessor, while vigorously protesting, with- -
~drew the papers. - o _
. Certain research conducted in univer-

sittes may have immediate and direct
national security implications. Some of

.that work is undertaken pursuant to De-
. partment of Defense contracts. Universi-

ies generally recognize ‘that such ar»

Summary. Executive Order 12356'?,."‘_é"igned"by President Reagan on 2 Abﬁl-1982,: -
‘prescribes a -system for classifying information-on the basis of national secutity -
concerns. The order gives unprecedented authority to government officials to intrude

at will in controliing academic research that depends on federal support. As such, it

poses a serious threat to academic freedom and hence to scientific advances and the

national security. <7

" erits originality might be useful éven
the industrial or teéchnological ;progress
aging to the .maintenance .of ‘resear

" leadership within the United States.
‘A recent event ‘tends “to ‘Justify -suc

criticism. A university professor submit--

ted two ‘papers for presentation, .and
subsequent publication, to the 26th An-

nual Technical Symiposium of the Socie”
ty for Photo-Optical Instrumentation En-

gineers meeting in San Diego in August
1982, The professor’s research, support-
ed by a grant from the Air Force, was not
classified, in accordance with the univer-
sity's stated policy *‘to undertake only
" those research projects in which the pur-
pose, scope, methods, and results can be
fully and freely -discussed.”” As he had
done routinely in the past, the professor
also sent the papers to the program offi-

n their policies respecting the wis-

niversity ~ Professors = (AAUP) has

“thoight it inappropriate to condemn fac- .
~:ulties and universities for making such
_ arrangements per se, but it has regularly
‘expressed concern that inconsistency
-with respect to academic freedom is a

genuine danger that all academic institu-
tions should weigh carefully in the re-
search and restrictions they accept.

The implication of the earlier report (f)
was to favor a limited classification sys-
tem, to the extent that it might minimize
uncertainty and provide a less random
threat to academic freedom. Ideally, a
clear and circumspect classification sys-

tem should state what research and pub-

dotn-and acceptability of such arrange:
ments:.. The - American “:Association:-of -

This article is adapted from a report issued in October 1982 by the American Association of University
Professors_' Commitiee A on Academic Freedom and Tenure. The report was prepared by Committee A's
Subcommittee on Federal Restrctions on Research. The members of the subcommitiee are R. A.
Rosenbaum, professor of mathematics, Wesleyan University, Middletown, Connecticut 06457, Chair; M. J.
Tenzer, professor of political science, University of Connecticut, Storrs 06268; 5. H. Unger, professor of
cotnputer science, Columbia University, New York 10027; W. Van Alstyne, professor of law, Duke
University, Durham, North Carolina 27706; and J. Knight, associate secretary, American Association of
Univeysity Professors, Washington, D.C. 20036.
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lication must necessarily be treated in

confidence according 1o needs of nation-

a) security that are plain and compelling. |
1t should enable universities and their
faculties to make informed decisions
about their research. Very different, and
strongly objectionable, is a classification
system that sweeps within it virtuaily

.anything that might conceivably be use-

ful industrially, technically, or militarily
to at least someone and that is adminis-
tered by officials who feel compelled to
classify as secret any information about
which they have doubts.

Here we review brieflv the recent
changes introduced into the classifica-
tion system by Executive QOrder 12356,
issued by President Reagan on 2 April
1982. A recent report of the National
Academy of Sciences Panel on Scientific
Communifation and National Security

(2} conciuded that a national policy of

security through openness is much pref-
erable to a policy of security by secrecy.
We agree. We believe the enlargement of
the classification system as stated in
Executive Order 12356 is seriously mis-
taken, It poses an unwarranted threat to

" academic freedom and hence to:scien-

tific progress and the national security.

. 'Summar}; of Rec'e‘l_"llt.' Changes

Executwe Order 12356. is the ‘most
recent. presidential executive order pre-
scribing a-system for classifying and de-

et oo o mi i classifying: information.on the ‘basis of
ngements may compromise their com- :
OB itment to academic freedom, and they .-
of other nations, are necessarily discour- <, -va

national -security ‘concerns, - President
Franklin Roosevelt issued the first such -
order.in 1940. Succeeding executive-or-
ders were signed by‘Presidents Truman,
Eisenhower, Nixon, :and Carter.’Intheir -
details, -these earlier- executive :orders’

differed on such-matters as what:infor- -
mation -was to be classified, for-what

- period of time, and according to what -

standards. Their similarities, however,
are more noteworthy than their differ-
ences. They sought to preserve the pub-
lic’s interest in the free circulation of
knowledge by limiting classification au-
thority, by defining precisely the pur-
poses and limits of classification, and by
providing procedures for declassifica-
tion. ' ' -

By contrast, Executive Order 12356
significantly broadens the authority of
government agencies to classify informa-
tion as secret. It removes a previous
requirement for classification that dam-
age to the national security be identifi-
abie. It resolves doubts about the need to
classify in favor of classification. It per-
mits indefinite classification. It provides
for reclassification of declassified and
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ubliclv released information. It expands
he categories of information subject to
classification to include nonclassified re-
search-developed by scientific investiga-
tors outside the government,

Main Provisions

The preamble to Executive Order

12356 states that the “‘interests of the -

United States and its citizens require
that certain information concerning the
national defense and foreign relations be
protected against unauthorized disclo-
sure.”” To prevent “‘unauthorized disclo-
sure,” the order establishes three levels
of classification: top secret, secret, and

confidential. The standards for top.se-

cret and secret are the same as in- prev
ous executive orders. However, Execu
‘tive-Order 12356 omits the earher quah

.fying word *‘identifiable™ in descnbmgj
the damage to the national security that

can justify classification at the lowest, or
confidential, level. The text reads: ‘con-;
fidential shail be applied to information,

" the unauthorized . disclosure .of - “which.

reasopably could be expected 10-caus

damage to the national-security.” At a

congressional hearing, a Deputy Assis
ant Atiorney General explmned the del

tion of the requn'ement of 1dcnt1ﬁab1hty_

as follows:

Every new'Quahﬁer'or adjective, such as

“'identifiable,” added 'to .the requlrement:of g

showing **damage’’ ~or ~any -other reqn" i
¢lement of proper. cla.551ﬁcat|on raise: 'ne
uncertainties or areas of ambiguity tha
lead to litigation.... . [Tihe requiremen
“identifiable” - damage may be- construed 10
. suggestthat: d:sclosure must cause-some: Spe-
¢ific -or precise damage;: a- requlremen' that
the government might not reasonably be ab
to meet in some cases. . . . Provisions of such
orders should be sxmple, general less:com:

.plex and require no more precision than the -
subject matier .feasonably allows. The -re-

quirement of “‘identifiable™ damage fails on
all these counts

1n the evcnt that a govemment oﬂicial

- is uncertain about the security risk of
some information, the doubt will be re-
solved in favor of classification pending
-*a final determination within 30 days. In
addition, if there is doubt about the level
of classification, the information will be
classified at a higher level, also pending a
final decision within 30 days. Once the
information is classified, it can remain so
at the discretion of government officials
“as long as required by national security
considerations.” There is no provision in
Executive Order 12356 for justifying the
need for classification beyond a stated
period of time. (President Nixon's exec-

utive order calied for automatic declassi- -
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Vtatlons on. classification. .
' “*basic.-scientific research information

_actua]ly safeguards. el

fication after 30 years, unless it was
determined that continued classification
was siill necessary and a time for eventu-
al declassification was set; President
Garter's executive order established a é-
year declassification period.) The latest
order makes no comment on whether
declassifying information is generally de-
sirable.

If information is declassified, it may be
reclassified under Executive Order
12356 following the requirements for
classification. Information that has been

.propery declassified and is in the public’
domain apparently may remain ‘‘under -

the control’ of the government (the or-
der defines information as *‘any informa-
tion or materials . . . that is owned by,

:produced by .or-for, or is ‘under - the
~control. of *the ‘United States Govern--
ment’’) and thus can be reclaimed by the .

gbvemment e
“"The executive order prov;des for 11m1-1

ot clearly related to the national securi-

ty may: not be classﬁied i Early drafts of

sioniiit ﬁrst appeared in the execuuve_ .
rder 1ssued by Pres;dent Carter.. It was -

Sancuons for v1olat10ns of- the execii-

engage in .acadcmlc research and to pub-
lish the results is essential to advance
knowledge and to sustam our democratic
society. - i

The poss:bxhty for fnctlon between
classification and academic fréedom is
always there. The friction can be re-
duced if classification is invoked before
research has -‘begun and is cautiously
applied for a limited period of time and

“only to matters of direct military signifi--

cance. Classification defeats its own pur-

pose, however, if it imperils the freedoms

it is meant to protect. In our judgment,
Executive Order. 12356 does exactly that,
It gives unprecedented authority to gov-
ernment officials to intrude at will in con-
trolling academic research that depends
on federal support. It allows classification

1o be imposed at whatever stage a re-

It states that.

search project has reached and to be
maintained for as long as government offi-
cials deem prudent. Academic research
not born classified may, under this order,
die classified.

The provision in the executive order
that *‘basic scientific research informa-
tion not clearly related to the national
security may not be classified” carries
the suggestion that jt may be classified if
it is determined by the government to be
“‘clearly related to the national securi-

“ty.”” This standard for classification is

looser still than *‘could be expected to
cause damage to the national security.”
We may be reading too much into this.

_ provision; we hope that it will be inter-

preted as an exemption and nothing . '

.more. Unforfunately, even with its most ..

favorable gloss it is a weak safegnard for

_scientific inquiry: The government offi-
"cial who cannot. fix a-clear relationship
- between scientific research and national
‘security but nonetheless has doubts .

could still classify government funded or

_contracted research consistent. with oth-
er provmons in the executive order.

“In the pursuit.of knowledge, academic-

-researchers  should not have .to. look .
backward either i in. hope of favor orin
. fear-of disfavor. In"an era of reduced =
: ”}federal support for resea.rch exceptin the
‘area of national secunty, and w:th in- -
““/vestments in- research programs’ ~and fa-
cilities significantly reliant on previously . .
allocated federal’ funds,  academic . re-

earchers “are. under great ‘pressure 1o

. “'submit to classxﬁcatmn no ‘matter.how.. .
".,_f-_resmctwe or -apparently,arbitrary. 'the =~
"-demand. The adverse effects on academ-

_ . icfreedom and thus on the advancement
T knowledge _andon the natlonal secun— :
atlonal . security. obviously requires . .
“some classification of information as se-.
'-cret. It is-also obvious. that freedom to

The exccutwe order can 1nh1b1t aca-

.demic researchers from  making long—
_term intellectual mvestments in research
- projects that are potentlally classifiable.

It-can serve to foster unnecessary dupli-
cation of research efforts. It is likely to
inhibit the sharing of research methods
and results with professional colleagues,
because something that a government
official can call harmful to the national
security might unwittingly be revealed.

- Classification, or the worry that it might

be imposed, could result in the isolation
of academic researchers, cut off from the
free exchange of ideas and exposure to
constructive criticism. Those concerned
in government with the uses of new
knowledge are not likely to obtain the
benefit of the widest possible evaluation
of their plans and projects. All of these
consequences of the executive order are
likely to be felt outside as well as within
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Linkage between Basic Research Literature and Patents

Mark P. Carpenter, Martin Cooper and Francis Narin

The study reported here uses data on U.S. patent
citations as evidence that technological developments are

dependent upon basic scientific research.

Federal support of basic research is usually justified

‘in terms of the value of increased knowledge to the
nation’s technological progress, economic growth,
and to improved public health and safety. One of the
many problems faced by science policy analysts is to
determine — to document and measure — the
benefits derived from such basie scientific resarch.

Past studies of research output have tended to
use one of two 'approaches:

(1) Literature publication and citation studies (I}
which count the number of scientific publications in
a given area and trace the acknowledged utilization
of these articles by other researchers.

{2} Anecdotal tracer studies which seek to deter-
mine how individual researchers or ideas con-
tributed to significant innovations.

The first technique is subject to the criticism that
literature citations are internal to science, and fail to
demonstrate benefits external to the research com-
munity. The second has been criticized as not wholly
representative. Recent economic studies aimed at
determining the public and private rates of return
from R&D investment have tended to concentrate
on the more applied research or development ac-
tivities, which are easier to delineate than are the
more indirect benefits of basic research.

M.P. Carpenter is a staff analyst and group leader in charge of
advanced computational work at Computer Horizons. Since
1972 he has played a lead role in the development of interna-
tional publication and citation measures. M.J. Cooper is current
manager, research planning at Occidental Research, the cor-
porate research laboratory for Occidental Petroleum Corpora-
tion. At the time this study was performed Dr. Cooper was the
director, Division of Strategic Planning and Analysis at the Na-
tional Science Foundation and the NSF Project Officer on the
study. F. Narin, president and founder of Computer Horizons,
Inc., has been active in the field of research and technology
analysis for more than a decade and has authored more than 50
research publications.

As one means of exploring the utilization of basic
research in technological innovation, we selected
U.S. Patent citations of the scientific and technical
literature. In this study we sought to determine if
U.S. patent applicants and examiners do utilize and
cite available research results. The U.S. Patent files
were selected as an appropriate vehicle since the pa-
tent process meets several minimal criteria. The
files are external to science, demonstrate active
utilization, and can be searched without a-priori
selection of scientific topical areas. The files provide
a documentable source of information with the ap-
plicant and examiner citations providing parallel
and complementary views of the pertinent
literature. _

Thus, the study reported here provides a direct
technique for linking the patent literature, a body of
knowledge of technological and commercial interest
and external to basic science itself, with the stan-
dard measure of scientific research — the scientific
article. We structured the study to investigate four
aspects of the patent to literature linkage.

(1) The extent to which patent applicants and ex-
aminers utilize research finding, as evidenced by
their citation of the technical literature.

{2} The nature of the cited research activity: are
the citations referring to basic research or applied
work, to a narrow or wide swath of scientific in-
vestigation, to old or recent papers?

{3) The acknowledged source of finrancial support
for the research cited by the applicant and the ex-
aminer.

{4) The performers of the cited research.

Funding and manpower limitations required that
we limit this pilot effort to only two areas: gas lasers
and prostaglandins. Gas lasers were selected
because of their growing application in many areas
of technology and because we could handle the

Reprinted from RESEARCH MANAGEMENT, Vol. XX111/No. 2 (March, 1980)




entire data file. Prostaglandins were selected
because of their very significant medical potential.

Examination of Patents

Copies of all 319 Gas Laser patents and the most
recent 399 prostaglandin patents were obtained
from the U.S. Patent Office and the following rele-
vant information extracted:

1. Patent Number

2. Date Patent Awarded
. Inventor(s) and country or state of origin
. Inventor(s) institutional affiliation
. Date filed
. Title
. Number of citations to U.S. Patent literature
by the examiner and by the applicant

8. Number of citations to foreign patents by the
examiner and by the applicant

9. Number of other non-journal citations by the
examiner and by the applicant

10. All journal citations by the examiner and by
the applicant i

Each citation to a specific scientific or technical
journal article was individually recorded and a
bibliographic data base constructed containing the
cited author’s name, journal name and article title,
volume, page, date. Note was made as to whether
the reference was made by the patent applicant or
by the examiner,

-1 O O b W

From this initial review of the available data, we
had already acquired a substantial quantity of infor-
mation including number, type, and age of citations
given by examiners and applicants in the two
classes of patents. Table 1 summarizes the organiza-
tional sector assignment of the patents. For pro-
staglandins, domestic private companies account
for 301, or 79%, of the patents. Some 17% of the .
patents went to various foreign groups, with the re-
maining 4% scattered among individuals, univer-

" sities, and various non-profit groups. None were

assigned to the federal government. Of the 301
patents assigned to private firms, 166 were assigned
to one firm — the Upjohn Company of Kalamazoo,
Michigan.

For gas lasers the pattern shown in Table 1 is
quite different. Private firms still dominate with
59% of the 319 patents. However, one-fifth of the
patents are assigned to the federal government.
Foreign groups hold 14%, with the remaining 7%
distributed among individuals, universities, and'
private non-profit orgamzatlons

Figure 1 summarizes the distribution of
references found in the individual prostaglandin
patents, and shows quite clearly that there are
substantial numbers of citations to the scientific
journal literature from these patents. The 399 most
recent prostaglandin patents contained 6593
references, 85% given by the patent applicant. On

REFERENCES BY REFERENCES BY
EXAMINER APPLICANT ALL REFERENCES
OTHER JOURNALS OTHER JOURNALS OTHER JOURNALS

0.1 REF/PATENT

sel
JOURNALS
05

us. Sl

OTHER REF/PATENT JOURNALS
P
SOURCES 1ATENTS 1.6
0.2 REF/ 3 R.EFIPATENT
PATENT REF/PATENT

FOREIGN
PATENTS
0.5 REF/

PATENTS

TOTAL = 2.6 REFERENCES/PATENT
BY EXAMINER

0.6 REF/PATENT

TOTAL = 14.0 REFERENCES/PATENT
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0.7 REF/PATENT

u.s.
PATENTS
1.7 REF{

u.s.
PATENTS
3.0 REF/

PATENT

scl
JOURNALS

8.1
REF/PATENT

1.6 REF/PATENT

2.1 REF/
PATENT

SOURCES
24 REF/

PATENTS SOURCES
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PATENT

TOTAL = 16.5 REFERENCES/PATENT
BY BOTH

Ninety-four percent of patents studied were filed in 1974, 1975 or 1976.

Figure YDistribution of 6593 references contained in 399 prostaglandin patents.
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Figure 2[Distribution of 1969 references contained in 319 gas laser patents*

average there were 16.5 references in each patent, 14
by the applicant, 2.5 by the examiner. Slightly mare
than half of the 2.5 examiner references per patent
were to other U.S. patents. For both the applicant
and the examiner the very great majority of the
references to the scientific literature, 92% and 83%
respectively, are to articles in journals covered by

the Science Citation Index (SCI journals), which are

Table 1/Sector of Patent Assignee

Prostaglandins

(399 Patents)
Sector % of Patents
Upjohn 42
Other Private Companies 37
Foreign Groups 17
Individuals 2
Private Non-Profit Groups - 1
Universities . 1

Gas Lasers

(319 Patents)
Sector ‘ $ of Patents
Private Companies 59
Federal Government 20
Foreign Groups 14
Individuals 5
Universities 1
Private Non-Profit Groups 0.3
Unknown . 0.3
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often considered to be the central core of the world’s
journals {2). This high citation of papers in the SCI
journals is remarkably close to the 80-90% of cita-
tions within the SCT journals which are to SCI jour-
nals. Apparently, patent applicants and examiners
consider the SCI covered journals to contain most of
the citable articles, just as the SCI covered authors
do-

Figure 2 presents analogous data for the 1969
references contained in 319 gas laser patents. These

.patents were filed between 1960 and 1977. The

average gas laser patent contains 6.2 references, on-
ly a third as many as contained in a typical pro-
staglandin patent. Again, the examiner and appli-
cant cite differently; however, the direction of the
difference is opposite that of prostaglandins. The
gas laser patent examiner cites U.S. patents more
frequently than the applicant; he also cites the scien-
tific journal literature more frequently than the ap-
plicant. However, as in the case of prostaglandins,
the majority of examiner references are to other
patents, while only a third of applicant references
are to other patents.

The referencing here is more scattered. Overall, a
third of the references are to journals, half are to
U1.S. patents, and most of the rest are to “other
sources’’. Of the references to scientific journals, as
with prostaglandins, the great majority {85%) are to
journals covered by the Scientific Citation Index.

Another question raised at the outset of the
study was whether the scientific papers cited by
patents would be the older, classic papers that
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Figure 4/Age of cited papers: gas lasers

underlie current scientific work, or whether the

patents could show a strong dependence upon cur-
rent literature. Citations to current literature would
be an indicator of close ties between current
technology and current science. For patents the age
of the cited papers was calculated relative to the
date the patent was filed, since the time between fil-
ing and approval varies widely. The filing year was
counted at year zero. Thus, a reference to a 1960
journal article by a patent filed in 1970 would have
an age of ten years,

The ages of the papers cited by the two classes of
patents are illustrated by Figures 3 and 4. In both
cases the difference between the ages of papers cited
by the patents and the age of the papers cited by the
scientific literature is not large: patents cite recent
scientific articles. Prostaglandin patents are citing
literature that is only two to three years older than

the literature cited by chemistry papers, while gas

lasers patents are apparently citing the scientific
literature with even more rapidity than typical
papers appearing in physies journals. The median
age of a paper cited by gas laser patents is only
three years, whereas the median age of papers cited
by a typical physics article is five years. However,
the fact that gas lasers represent a recent scientific
breakthrough may strongly affect the rapidity of

citation. Journal citations in this gpecific area of
physics may be as rapid as the patent citations.

Highly Cited Papers

Individual inspection of the patent files, together
with library retrieval of each cited paper, permitted
a more detailed analysis of the citation patterns to
the scientific literature. A special interest was
multiple citation (i.e., papers which have been cited
by many different patents). We found multiple
citing to be very significant. This is especially true
for the prostaglandin patents where a large number
of journal items were cited many times. The total of
3600 or so citations went to only 860 articles, for an
average of more than four citations per cited article.
One article ‘“The Sterochemistry of the
Phosphonate Modification of the Wittig Reaction”
by D.H. Wadsworth published in the Journal of
Organic Chemistry was cited by 113 different
patents. The predominance of multiple citation was
less evident among the gas laser articles due, we
suspect, to the very large (18 year) time spread of
the gas laser patents.

Eighteen papers were cited by more than 25 dif-
ferent prostaglandin patents. These papers, con-
stituting 2% of all the cited papers, received a total
of almost 25% of all the citations. These highly cited
papers appear to be of two kinds; half are rather
basic chemistry research papers, while the rest are
papers that seem to be more directly related to pro-
staglandins, The authors of these papers are saf-
filiated with a mixture of universities, private com-
panies, and specialized laboratories, especially the
Karolinska Institute. NIH supported three of the 18
papers,

Since the gas laser patents are distributed over
more than a decade in time, it is much less likely
that different patents would be citing the same
papers. The cited papers seem to be a mix of applied
physiecs papers on lasers and masers, plus a few
papers which appear to have a somewhat more basic
orientation. Bell Labs is very prominent as the
source of a number of these papers; the DOD seems
to support a fair number. In all, the papers highly
cited by both classes of patents are quite scientific.

Subject and Level Classification of Cited Journal

A straightforward classification of cited journals
generalizes the observation made with the highly
cited papers; that is, the patents are heavily citing
relatively basic research in appropriate subject
areas. _ .

As part of previous literature studies, Computer
Horizons, Inc. (CHI) has devised a system for the
subject classification of the 2400 journals covered
by the Science Citation Index. Most of the journals
are classified into one of 106 subfields which, in
turn, are aggregatred into nine fields. A complete
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list of this classification is contained in CHI's
monograph (I} '

A parallel product of the journal classification
system is its assessment of the applied to basic
research orientation of scientific journals. The
research level classification of a journal provides an
indication of the research orientation of the average
paper in the journal. There are four levels ranging
from the most applied (Level 1) to the most basic
(Level 4). Examples of the research levels follow:

Level Description Example

Level 1 Applied Technology J Iron & Steel
{Clinical Observation Inst
in Biomedicine} J Am Med Assn

Level 2 Engineering-Technologi- J Nuc Sci & Tech
cal Science (Clinical Proc IEEE
Mix in Biomedicine} New Eng J Med

Level 3 Applied Research (Clin- J Appl Phys
ical Investigation in  Cancer Res
Biomedicine) J Clin Invest

Level 4 Basic Scientific Research Phys Rev
J Am Ch Soc
J Biol Chem

Each of the 2400 SCI covered journals is as-
signed to one of these four levels.

Table 2 summarizes the subject and level
distributions of the papers in SCT covered journals
which were cited by the patents. The prostaglandin
patents cited very heavily into organic chemistry
and biochemistry research. Sixty percent of the
references were to articles in chemistry journals; the
great majority of these were either to organic
chemistry journals, or to organic chemistry papers
in general chemistry journals. Some 20% of the
references were to biochemistry papers within the
biomedical research literature, and 16% to clinical
medicine.

This pattern of referencing to basic scientific
areas is substantiated by the level classification —
80% oI the citations are to papers in Level 4, basic
research journals while 13% are to Level 3, applied
research journals. Only 7% of the papers cited by
the prostaglandin patents are to the more applied
Level 1 and 2 journals.

For gas lasers the pattern is very similar,
although the cited journals are not quite as basic as
for prostaglandins. Some 82% of the citations are to
papers in physics journals, with more than half of
these to applied physical journals, and the rest to
general and other physics journals. Eleven percent
of the references are to engineering journals with a
few scattered to chemistry and other fields. By
level, a third of the references from the gas laser
patents are to Level 4, basic research journals, while

more than half are to Level 3, applied research jour-
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Table 2/ Patent References to Journals' by Level and Field
of Cited Papers (SCI covered fournals only}

Prostaglandins:

By Subject: 60% to Chemistry
General Chemistry—38% (mostly
Organic) :
Organic Chemistry—19%
Rest of Chemistry—3%

21% to Biomedical Research
(almost all Biochemistry)

16% to Clinical Medicine
3% to all the rest
By Level: 80% to Level 4

13% to Level 3
7% to Levels 1 and 2

Gas Lasers:

By Subject: 82% to Physics
Applied Physics—49%
General Physics—14%
Rest of Physics—19%

11% to Engineering
3% to Chemistry
4% to all the rest

By Level: 33% to Level 4
66% to Level 3
11% to Levels 1 and 2

Table 3/Acknowledged Support in Cited Papers

Prostaglandins (1778 Cited Papers)

NIH
NSF
Other Government
Foreign

” University
Private-for-Profit
Private-non-Profit
None

Gas Lasers (676 Cited Papers)

DOD

AEC

NSF

NASA

Other Government
Foreign
University
Private-for-Profit
Private-non-Profit
Unknown

None
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nals. Only 11% are to the engineering science and
technology journals at Levels 1 and 2.

Support Sources and Organizations

The research support acknowledgements con-
tained in most research papers provide a fruitful
source of information on the financial underpinnings
of scientific research (3). Table 3 summarizes the



support acknowledged in the cited papers. Early
-references were omitted because acknowledgement
customs have changed in the last two decades, with
earlier papers less careful about support
acknowledgement.

It should be noted that almost half the citations
by the prostaglandin patents and almost two-thirds
of the citations by the gas laser patents go to papers
which do not acknowledge any source of outside
support. This is in large part due to the fact that
many papers were authored by scientists situated at
private companies, who did not have a source of sup-
port external to their organization,

The largest source of outside support for papers
cited by prostaglandin patents was NIH, suppor-
ting almost a quarter of the papers. NSF supports
about 3% of the papers cited by the prostaglandin
patents. This ratio of eight to one for support by
NIH/NSF is quite similar to the overall ratio of

- NIH/NSF support in the Level 3 and 4 biomedical
literatures, which is approximately 7.5:1 {3). Thus,
given their relative roles within this literature, NIH
and NSF supported papers are being cited with
roughly the same frequencies by the prostaglandin
patents. -

For gas lasers the agency providing the largest .

sources of outside support is DOD, which supported
18% of the papers, reflecting the very extensive
Defense Department support of this work during
the 1950s and 1960s. Collectively, other government
agencies supported about 6% of the papers.

Conclusions

The data in the study clearly demonstrates exten-
sive utilization of basic scientific literature by pa-
tent applicants and examiners. Close to 90% of all
journal references in both categories are to basic or
applied scientific journals, as opposed to engineer-
ing and technological literature.

The study also showed that many of the cited
references were to scientific articles not directly
related to the immediate research field. Roughly
80% of the references in the prostaglandin patents
were to papers in organic chemistry or biochemistry

“journals, with many of these references to papers

that were not specifically related to prostaglandin
research.

It was also found that the time between publica-
tion of a journal article and the patent application
citing that article was relatively short — generally,
three to five years, which is quite similar to the
amount of time that elapses between the publication

of a scientific article and its citation by other scien-.

tific articles.
In addition, the scientific articles cited by patent

‘applicants and examiners are quite clearly within

the central core of the scientific literature covered
by the Science Citation Index, which is cited in a
similar manner by scientific articles.

Thus, in many ways, the swath of the literature
cited and the nature of the citing by patent ap-
plicants and examiners is quite similar to the swath
and nature of the articles cited by scientists
themselves publishing in the open journal literature.
This clearly indicates that the process of reduction

to practice in the industrial community continues to’

require recent science, and the support of such
science is a necessary prerequisite for the continuing
emergence of new technology.
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Citation Rates to Technologically Important

Patents

Mark P. Carpenter, Francis Narin and Patricia Woolf, CHI Research, Computer
Horizons, Inc., Cherry Hill, New Jersey, U.S.A.

Summary

The purpose of this study was to determine whether the
average number of citations received by issued U.S.
patents from subsequently issued U.S. patentsis higher
for patents associated with important technological
advances than for a group of randomly selected
patents. Analysis of examiners’ citalions to 100 selected
patents showed that these selected patents, which
" underlay technically important products, were more
than twice as frequently cited (significance level of
0.0001} as a randomly selected set of 102 control
patents. This finding provides strong evidence for the
hypothesis that patent citation data can be used in

Aechnological indicators development, and in tech-.

nological policy analysis, since it implies that the
location and analysis of groups of highly cited patents
can provide a valid indicator of patent areas of
technical importance.

Introduction

The problems of defining progress along the many
stages from basic research to commercial production,
and the difficulty of linking events along this con-
unuum of R & D activity, are well known within the
policy analysis community. The intnnsic difficulty of
understanding this complex process has been com-
pounded by the rapid growth of science and tech-
nology into positions of critical 1mporlance in the
economies of all western countries.

In recent years, at the scientific end of the technical
spectrum, bibliometric (publication and citation ba-
sed) analyses of the professional journal literature have
been useful in formulating and evaluating science
policy alternatives, and in evaluation of the rcscarch
productivity of individuals and institutions.

Although these scientometric methods are relatively
new, they are being used increasingly because scientists
and planners realize how difficult it is to assess the

The opinions expressed herein are those of the authors and not
necessarily those of the National Sclence Foundation.

importance of a scientific program. In the past scien-
tists have relied primarily on the judgement of other
scientists to evaluate the quality of research. These
individual judgements, though professionally infor-
med, are necessarily somewhat subjective and of
decreasing reliability as the area being judged becomes -
larger’. As a result there is a growing acceptance of
studies based on publication rates and on the analysis
of citations as supplements and in some cases as
substitutes for professional opinion. The most widely
accepted and visible aspect of this transformation is the
highly visible, highly cited and- well accepted series of
Science Indicators reports issued by the National
Science Board of the U.S. National Science
Foundation?, '

- Naturally, because science is a conservative as well asa

progressive enterprise, there have been critics of these
new, quantitative methods of evaluation. In response
to some of their objections, other scientists, such as
bibliometricians and sociologists of science, have com-

_pared quantified citation-based appraisals with other,
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independent measures of quality, such as peer ratings,
achievement of professional rank and status and
awards of scientific prizes.

In these studies, it is generally found that peer eval-
uations of publications, universities, departments,
rescarch institutes, and individual scientists correlate
well with bibliometric measures, including correlations
with quantity of publication, citation counts and other
influence measures based on aggregated citation statis-
tics. The recent papers by Jones®, and the monograph
by Narin* provide extensive reviews of this literature.

Although much analysis has been done of the saentific
literature, relatively little has been published on the
patent literature and its policy implications. Yet the
patent literature is an important potential resource for
measuring and comparing technological capabilities at
nalional, regional, institutional and individual levels.
Indicators of technological capacity in various spe-
cialty or patent classification areasis not only valuable
itself, but it can also be assessed and compared with
achievements in basic scientific research or in in-
dustrial R & D.
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In the Science Indicator scries? patents have been
apuregaled by country, product class, owncrship, elc.,
and used as indicators of inventive activily. The Olfice
of Technology Asscssment and Forcecast (OTAF) of
the U.S. Patent Office® has issucd a scrics of nine
reports including much data on patent aclivity in
specific technologies and peneral classes, and for
individual countries. Some of the applications of
patent counts were also discussed at the two recent
CECD Science and Technology Indicators Meetings®
and by Kronz in a recent issue of this journal’.

Despite this start, the patent literature has not been

studied from a policy viewpoint nearly as thoroughly
as the professional journal literature of science. It has
not been examined in the depth or detail which
characterizes modern scientometric analyses. Patent
counting is perhaps the least subjective and -most
- replicable technique; but because of the great
differencesin quality and utility among patents, simple
patent counting may not be an adequate measure of
technological advance or industrial innovation.

The work reported herein is a first step in the eventual
application of bibliometric techniques to the analysis
of technological activity, through the analysis of issued
patents and the patent-to-patent citation network in
which they are embedded. By studying examiners’
citations to important patents, and comparing their
rates of citation to important patents with their
citation rates to a control set of patents, this study
shows that examiners’ citation patterns can be used as
an indicator of patents which represent technical
achievement.

Data Acquisition

A set of 100 important patents and a set of 102 cantrol
patents were selected*. The set of important patents
was obtained by attempting to determine the key
patent underlying a product which received the IR100
award established by the journal Industrial Research
and Development. This award

“honors the 100 most significant new technical
products — and the'innovators responsible for them
— developed during the year. From thousands of
entries, the distinguished Editorial Advisory Board
of Industrial Research selects the 100 products that
are most important, unique, and useful. Extensive
local and national press and television coverage of
the winning entries and awards presentations has
made the IR100 award the most coveted achicve-
ment in the applied research and development
field.”®

Patentsrelated to the 1969 and 1970 awards were used
in order 10 ensure that there was sufficient time for the
patents to be cited to their full potential. The names of
the developers of the prize winning products were

* Although 100 controls were to be selected by project design, a
dala eniry error resulted in 1wo additional contrals being selected,
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located in the Index of Patents of the U.S. Patent Office.
For cach product we chose a sct of scveral candidate
patents which were important for the product and then
sclected a single patent which was most closely as-
sociated with the innovation of the product. This
choice was based on the title of the patent and (in some
cases) on briel descriptions of the patentsin the Official
Gazette of the U.S. Patent Office. Thus we obtained a
set of 100 patents issued in the yecars 1968 to 1974
(hereinafter called product patents) underlying 100
products of certified industrial or commercial
importance.

The set of patents to serve as controls was chosen so
that the number of control patents issued in each year
was the same as the number of product patents. We
equalized the time distributions since subsequent ci-
tation by patent examiners was to be determined, and
common sense would argue that the older a patent is
the more citations it would be likely to recejve, Also, in
the scientific literature we have found that the number
of citations depends on the amount of time available
for the articles {0 be cited. Within each cited year the
control patents were chosen at random.

The subsequent citation by examiners of the patentsin
each set was determined using information obtained
from Search Check, Inc., a private corporation located
in Alexandria, VA. Search Check provided lists of the
patents from which examiners cited each of the patents
in our product set and our control set. Thus, for each _ . -
patent in the study we counted the total number of .
citations it received from examiners subsequent to its
issue.

Analysis

The statistical technique used to compare the product
and control patent sets was two-way analysis of
variance. The two factors of interest were patent set
(product vs. control) and year of issue (1968,...,
1974). Our familiarity with the skewed nature of
citation distributions caused us to use a transformed
variable in the analysis: log [number of citations +
1/2]*. Table 1 shows the result of this analysis.

There s no indication of significant interaction or issue
year effects. The patent set effect is significant, indicat-

Table 1. Results of analysis of variance

Dependent Variable: Log [number of citation + 1/2]

Source DF Sum of Squarest F Prob > F
Issuc Year 6 6.24 115 0.33
Patent Set 1 31.38 3482 0.0001
Issue Year by ) :

Patent Set 6 795 1.47 0.19
Residual j3:4:3 1694

* A chi-square analysis of the residuals from ANOVA showed that
they were not significantly difierent from normal (P > 0.2)

tThe sums of squares are sequential, That is, cach line of the
ANOVA 15 the sum of squares with the preceding effects included in
the model
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Table 2. Statistical summary of ¢citation counts by issue year and

Table 4. Averape citations received per patent, by 1R100 product

patent sel class for patents in the product set
lssue Patent Set Product Class Mean SD. N
Year Product Contral Total
Analytical Instruments i3 32 18
7 7 14 Ceramics and Other Non-metals  ~ 5.7 6.7 3
1968 1.671 0.661 1.166 Chemicals and Plastics 6.1 44 11
6.286 1.714 4.000 Computers and EDP 11.2 5t 6
2 2 42 Electronic Instruments 36 3.1 7
1969 ’ 1.114 0.495 0.805 Elecironic and Mechanical
3905 1.905 2905 Components 39 23 7
) ’ Lasers and Masers 6.3 52 8
. 1 12 23 . Measuring and Testing
. 1970 1.725 0.928 1.309 Equipment 10 3.1 8
6.818 3.500 5.087 Metals and Aloys 5.0 48 5
26 26 52 Oceanographic Equipment 27 29 6
1971 0972 0.631 0.802 Photographic and Optical
1962 2.077 3019 Equipment 7.0 17 4
2% 27 53 Vacoum/Cryogenic Equipment 23 24 7
1972 1.601 0.235 0.905 Other Products . 712 4.6 10
077 . -3, — T T
60 1.444 3117 Total 494 45 100
8 8 16
1973 . 0978 0.474 0.726
. 3375 2.300 2938 - control set patents. The complete citation distributions
1974 i 71)5 04:)5 1 0255 (all years combined) for the two patent sets are given in
5.000 1.000 3.000 Table 3. If seven citations are set as the level for high
100 102 202 citalion, then 28%; of the product set patents reach that
Total 1.305 0.521 0909 level, versus only 5% of the control set patents. In
4940 2.039 - 3475

Values in the table are:
Number of patents
Average log [number of citations + 1/2]
Average number of cilations per patent.

ing that the product and control patents are different
with respect to the number. of citations received. In
order to further investigate the data, we use Table 2
which summarizes the citation counts by issue year and
patent set. For every year in the table and for all years

combined, the preduct set mean number of citations is

significantly higher than the control set mean (Schefie’s
method®, o = 0.05). In fact, the product set patents
receive an average of 2} times more citations than the

Table 3. Citation distribution for product set and contro) set patents

N = Number of Patents Receiving N Citations
Number of Product set Control Set
Citations Patents Patents

0 11 31

1 12 . 23

2 12 17

3 15 12

4 12 6

5 3 5

6 7 3

7 5 S |

8 4

9 2

10 4 3

11 1

12 4

13 4

14 1

15 1

16

17 "1

18 1

19 1
Total Patents 100 102
Total Cites 494 208
Cites/Patent 4.94 2.04

addition, producl patents are less likely to be uncited,
with 11% receiving no citations versus 31% of the
controls, and 72% of the randomly selected controls
receiving two or fewer citations as compared to only’
359, of the product set patents.

Table 4 breaks the citation data down by product class
for the set of product patents. Though the data are
sparse, with small numbers of patents in each class,
there are differences. Although there are only six
patents, the ‘Computers and EDP' product class stands
out with an average of 11.2 citations to each patent,
Some of the other classes with 2--3 citations to each
patent appear to be below the norm for the set as a
whole.

Comments on the Methodology

Because this study was designed to be an inexpensive
pilot project to determine whether an extensive in-
vestigation of examiners’ citations was warranted,
there were several methodological problems which
could not be overcome because of imits on time and
money. However, there are common sense arguments
that many of the difficulties — which will be discussed
later — tended to work against a positive result for the
study. Hence the strong positive results are even more
ouistanding.

One problem is that the IR100 awards concentrate on
industrial or research use rather than consumer pro-
ducts. These product patents then are concenirated in
the Electrical classification with Mechanical and
Chemical categories less well represented than in the
control set of patents. There is evidence from another
study'® that the average number of examiner citations
is lower in Electrical and higher in the Mechanical '
-~ 4 .
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concentrated in what appears to be a low citation class.
Since the control set patents were not matched on the
hasis of classification, their lower citation rates are
even more meaningful.

The second problem is that the choice of an important
underlying patent for each product was problematic. It
is possible that in some cases we were unable to find the
most important one for the innovative product, But
since care was taken to ensure the relevance of the
patent for the product, this is probably not critical : had
a more important patent been chosen the results would
most likely have been more, not less positive,

Finally, the choice of the IR100 award products is
problematic as is any subjective choice of excellence.
Industrial Research and Development does not describe
in detail the processes by which the award products are
chosen. No list of 100 products could be universally
accepted as the 100 most important commercially or

technologically. On the other hand, the IR100 award -

products are certainly among the most important
products. For purposes of this study, all that is crucial
is that the products are relatively important. In that
case the underlying patents would tend to be more
important than a randomly chosen patent.

Conclusions

The results clearly show that relatively high citation by
examiners of subsequent patents is associated with the
patents of innovative and important products. These
results suggest that quantitative methods such as
citation analysis will be useful in identifying important
patents. When refined and brought to the degree of
sophistication which is currently being utilized to
examine the scientific literature, these methods should
extend the capacity for scientometric analysis from
merely quantitative measures to measures of quality
and commercial utility of patent holdings. The appli-
cation of bibliometric techniques to the patent litera-

turc holds great promise for the development of
indicators of scientific and technological capability for
industries, institutions and nations.

Acknowledgements — The authors wish 10 express their gratitude 1o
Ms Jennifer S. Bond and Dr Robert R. Wright of the Science
Indicators Unit, National Science Foundation, for their guidance
and assistance in formulating this work, supported by NSF Contract
SRS-8012254.

References
(1} F. Nann, Objectivity vs. relevance in studies of scientific

advance, Scientomeiries 1, 35-41; 1978,

Science Indicators 1972, 1974, 1976, 1978. Reports of the

National Science Board, National Science Foundation, Wa-

shington, D.C.: Government Printing Office, 1973, 1975, 1977,

1979.

Science Indicators 1980. Report to the National Science Board,

National Science Foundation, Washington, D.C.: Government

Printing Office (forthcoming).

(3) -L. V. Jones, The assessment of scholarship. New Directions for
Program Evaluation 6, 1-2¢; 1980,

(4) F. Narin, Evaluate bibliemetrics: the use of publication and
citation analysisin the evaluation of scientific activity. Contract
NSF C-627, National Science Foundation. March 31, 1976.
Monograph: 456 pp. NTIS Accession No. PB252339/AS.

{5) Series of nine reports issued by the Office of Technology
Assessment and Forecast (OTAF), U.S. Department of Com-
merce, Patenl and Trademark Office: 1. Initinl Publicarion,
May, 1973:2 Early Warning Report, December, 1973 3. Third
Reporr, June, 1974; 4. Fourth Report: A Review of Patent
Ownership, June 1974 5. Fifth Report, August, 1975; 6. Sixth
Report, June, 1976; 7. Seventh Report, March, 1977 ; 8. Eighth

—

Report, December, 1977.9. Ninth Report, March, 1979, Reports

1-6 are available from the National Technical Informatio
Service (NTIS), Springfield, VA 22161. Reports 7-9 are avajl-"%
able from the U.S. Government Printing Office, Washinglon,
D.C. 20402

(6) Papers presented at the Second Workshop on the Measurement
of the Output of R & D Aectivities, OECD, Paris, France.
December 6, 1979,

Papers presented at the Science and Technology Conference,
OECD, Paris, France. September 1519, 1980.

(7) H. Kronz and H. Grevink, Patent statistics as indicators of
1echnological and commercial trends in the member states of
the European Communities (EEC) World Patent Information
2,1, 1980 ‘

(8) Industrial Research and Development 13, p. 3, December, 1980

(9) H. Schefle, The Analysis of Variance, John Wiley, New York,
1959 L

(10) €. V. Clark, Obsolescence of the patent literature, Journal of
Documeniation, 32, 32-52; March, 1976.




