a Zurich laboratory made an important
new discovery. Working with highty
advanced ceramic mat cials, they discov-
ered a new form of electrical superconduc-
COMMERTARY 1or that no lengermrequired ezftremely low
temperatures but could work in real-world
conditions. The commercial implications of
this revolutionary breakthrough quickly
became apparent. The door was now open
for major advances in microchip technol-
ogy, wires, switches, motors, sensors, bear-
U S BRE ings, lasers, computers, high-powered
oo AKTH ROUGH S magnets and motors, and even new forms of
transporiation. The race to commercialize

superconductivity was on.
BESTED BY : In the United States, IBM led the way.

Orther large corporations, including Ameri-

J - can Telephone & Telegraph, DuPont,
APAN FOI.I.OW TH ROUGH General Electric, and Westinghouse,
quickly followed suit, In 1987 a bevy of
entrepreneurial start-ups with names like
American Superconductor Corp., Conduc-
tus, Ceracon, American Magnersics and
Superconductive Components Inc. stepped
forward to capiwlize on this new technol-
ogy.

But in the corporate offices and research
and development (R&D) labs of Tokyo, a
different approach wok shape. Although
they lacked the scientific capabilities of
American corporate R&D labs, universities

v a_nd s;;;?nwoff companies, Japanese corpora-
S s tions aimed to capitalize on unique adva’nw
y U%"?:;‘Eﬁfﬁ ! tages—well-honed capabilities in ceramics
Y \?W‘]v%\w“-- Lk and new materials, existing programs in
iz e low-temperature superconductivity and a
tremendous capacity o turn technological
innovations into products. The Japanese
government helped make this a “collective”
effort; in 1988, 46 Japanese companies
joined a government-sponsored consor-
tvum. By mid-1988 Japanese firms had
homed in on 2 number of product applica-
tions: superconducting films, wires, mag-
niets, computer components and even ad-
vanced applications like “mag-lev” trains,
which use magnetic levitation to ride above
the rails at very high speeds.

As Japan's effort grew, American enthusi-
asm faded. For large U.S. corporations, the
payolfs from superconductor research were
slower than anticipated, actual applications
were a long way off. By late 1988 reports
from the National Science Foundation and
the Office of Technology Assessment made
the new reality painfully clear: in just three
short years, the United States had fallen far
behind Japan in the race to develop super-
. conductor products.

Sy The story of the U.S. superconductor ef-
fort is not unique. In semiconductors,

l N 1986, two 1BM scientists workiog in

By Martin Kenney anp Ricuars Froripa

Our strength in basic
science, high-end RED
ond other uspects of
breakthrough Yechmology
hos not been enough to
hold off foreign,
especiolly Jupanese,
competitors,
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computers and now even biotechnology,
much the same thing has occurred. Our
strength in basic science, high-end R&D
and other aspects of breakthrough technol-
ogy has not been enough to hold off foreign,
especially Japanese, competitors.

What caused this dramatic turnabout in
our technological and indastrial fortunes?

The explanation lies in the emergence of
a model of technological innovation and
development we call the “breakthrough
economy.” The breakthrough economy has
a remarkable capacity to make major new
technological breakthroughs, but it neglecis
the more mundane product and process
innovations that are needed to improve new
technelogy, use it effectively, tarn it into
products, and generate the wealth and
economic growth that come from doing so.

1

he breakthrongh economy is premised
on the comforting myth that innova-

tion is synonymous with technologi-
cal breakthrough-—a myth in which most
Americans continue to believe, Even
though the majority of us are keenly aware
of the U.S. decline tn automobiles, con-
sumer electronics and even some older
high-tech fields like semiconductors, we
take comfort in America’s seemingly limit-
less ability to generate new technological
marvels that will keep us well ahead of our
major comperitors.

In this regard, history seems to be on our
side. The legacy of America’s ability to
develop and, more importantly, commer-
cialize breakthroughs is indeed impressive
in the areas of mass-produced automobiles,
radio and television and more recently in
high technology. A comforting image in-
deed: the United States makes the break-
throughs and forges ahead, leaving older
“hand-me-down” industries 1o other coun-
tries.

But reality is {ar more complex than the
comforting images. Even though many
important breakthrough innovations have
been made here, the high-technology end
products, along with the jobs and wealth
they create, are being produced else-
where—mainly in Japan and Korea, Tai-
wan, Singapore and Hong Kong.

]
any have attempred to explain the
reasons for America’s alarming
decline in high technology. One

popular explanation suggests that we<"gave
it away” by selling off technology, promot-

COMMENTARY

ing free trade even though it hurt key indus-
tries, and failing to respond to foreign,
mainly Japanese, efforts 1o subsidize, pro-
tect and enhance key high-tech industries.
Of course, the sale of technology and short-
sighted technology and trade policies have
contribwted to our problems.

But the real problem lies in the failure of
U.S. firms to overcoms their long legacy of
“functional specialization” by developing
new fanctionally integrated ways of organ-
izing R&D and shop-floor production, and
connecting them together to tap the full
capabilities of all workers. Even the most
advanced manufacturing plants will not
amount to much if shop-floor workers are
not allowed 10 contribute their knowledge
or if such plants are niot connected 1o the
innovations that come from R&D labs.
Cutting-edge R&D and product develop-
ment will mean little if they are not con-
nected o manufacturing facilities that can
wrn innovations into products.

Organizational failures take many forms:
corporate R&D labs that are located far
from factories, and the lack of communica-
tion between high-paid white-collar think-
workers who work in the gleaming office
parks and R&D campuses and low.paid
factory workers in the United States and
increasingly in the Third World. And it is
rooted in a long legacy of American organ-
izational practices that separate “brains”
and “hands”--managers and R&D scien-
tists, on the one hand, and factory workers,
on the other. The lack of integration across
the R&D-manufacturing spectrum is the
main reason the United 5uates is increas-
ingly unable to follow through on the inno-
vations it makes. And it may evenually cost
us much of the ability to invent as well,

{1

ew visions, new passions, are needed

to reawaken us from the current

malaise, transform outmoded insti-
tutions and re-establish a sense of purpose
in our economy and society,

Even the most well-meaning commissions
made up of corporate executives, elected
officials and labor union leaders cannot
galvanize the hroad grass-roots efort that is
required. And such an effort will never be
maobilized by cynical politicians who sup-
port democracy in Eastern Europe while
assisting in the repression of workers in the
United States and by business leaders who
ask for a worker’s involvement in the firm
while preparing for mass layoffs. When
vision is mistaken for turning a profit on the
next quarterly report or a blip in the opin-

ion polls, little can be expected from com-
mon citizens,

The energy of workers and citizens is
needed 1o transform our system and build
new institutional structures. The past pro-
vides certain grounds for optimism. Our
nation has so much diversity, so much
potential that can be released to overturn
the present apathy and cynicism and once
again fashion new development trajectories,

We can move forward or we can stagnate.
To foliow our current path will mean a slow,
steady decline puncruated by more radical
drops associated with the business cycle. As
this occurs, the United States will become a
second-rate economy that cannot deliver
economic opportunities for the vast major-
ity of its people or the social welfare of
Western European countries, But if we can
break with the assumptions of bath the old
follow-through economy and the break-
through economy, we may achieve a new
synithesis that can develop new technologies
and harness them in ways that will improve
the living standards, not only of the privi-
leged, but especially of those who have been
denied the benefits by our system.

Excerpred from The Breukthrough Hlusion: Corporate Ameria's
Fusifurs to Mave from fanovelion to Mass Production, by Richord
Florida and Mactia Keaney, Copyright € 1990 by Sasic Books Inc.
Reprinted by permission of Basic Books, a division of Horper(ofling
Fublishers fnt.

Martin Kenney, an assotiote professor of applied behaviosel
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America’s “Breakthrough Ilusion” Threatens
Its Future Competitiveness in Biotechnology

By Martin Keoney, Ph.D), and
Richard Florida, Ph.D.

Why is the United States, the nation
that once dominated world markets,
no fonger able to follow through with
products based on its own tech-
nological breakthroughs in biotech-
nology. semiconductors and come-
puters?

America’s “breakthrough il-
lusion™ is the belief held by scien-
tists, policymakers, business and
government officials, as well as the
average American, that major scien-

point
of
view

A

tific and technological break-
throughs will continge to advance
the American economy above and
beyond its competitors,

Unfortunately, this concept does
not conform to global reality, Major
competitors, especially the Japanese,
are proving that what matiers today
is the ability to harness and imple-
ment new technology—not just 1o
tnvent it. Technology must be used
effectively to produce new and better
products and to improve manufac-
turing processes. This requires
workers with the necessary
knowledge and skills.

The root of the American problem
lies in the separation of R&D from
preduction. Also at fault is an oul-
moded and increasingly anticom-
petitive form of corporate organiza-
tion that treats workers {sometnes
including engineers) as a necessary
nuisance. Critical product and
process innovations that can make
production more efficient are
neglected.

A New System

The breakthrough economy is
made up of entrepreneurial start-ups
and venture capital that arose m
response to the lirnits of the older
follow-through economy which is
composed of large bureaucratic
firms. The small start-ups provided
highly interactive enviromments, in
which there was intense information
exchange and cross-disciplinary in-
teraction.

Yet, although there are many
benefits that flow from the
breakthrough model of organizing
high-tech industry, this model is
beset by serious problems, par-
ticularly the ability of high-tech
workers (0 move around, change
jobs and form new businesses. We
call this underlying condition the
“hypermobility of high-tech labor.”
Hypermobility is rooted in the or-
ganizational incentives of the
breakthrough economy that aliow
high-tech think-workers to derive
tremendous financial benefit by
changing companies and jobs. The
reality of rapid breakthrough innova-
tion, four- and five-year vesting
schedules, and the lure of more stock
from a new company, make it ration-
al for high-tech think-workers to
move from start-up Lo start-up in a
constant guest to hit it big.

But, what's good for individuals
may not be good for American high
technology., The hypermobility of
high-tech labor enhances shont-term
individisal gain, not long-term social
benefit. And, increasingly, actions
that ensure individual financial gain

are different from those necessary 10

build successful high-tech firms and
industries. Hypermobility results in
disrupted research teams, metficient
wse of resources, and bumed-out
employess.

Muost significantly, hypermobility
has made it mereasingly difficult for

established companies ty benefis
from and internalivze the mmovations
they mahe. Ruther than building
stable competiive companies, we
develop one-shot. breakthrough
firms. Hypemmobility is a fundasen-
tal dilermma of the breakthrough
economy-—one for which there is no
gasy sesotution.

Misguided Solufions

For the boner part of a century, the
U8 has chown an uncanny ability 1o
solve many. if not most, of the ech-
nological and economic problems it
has come upagamst, Butnow, forthe
first time. it scerns unable 1o generate
the kinds of solutions needed 1o put
the countny back on track, in field
after field. the 1S, seems 10 get an
important head start only o have
competitors rapidly catch up as new
products are commerciahized.

A highiy touted sobution involves

Many Americans believe that mujor scientific and technological break-
throughs will continue ro advance the American economy above and beyond
its competitors But the U.S.' s main economic rivals, especially the Japanese,
are proving that what really marters is the ability o harness and iiplement
new technolngy—net fust 16 invent it. )
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companies abruptly tmceilmg ihf::r
joint venture agreements with start-

ups afier they have managed o dp— ;
propriate the start-ups’ technology, f
thereby disrupting research and, at!

times. even bankrupting their small
alty. The alliance route is often less a
marriage of true partners than a dis-
trustful relationship to be broken at
the earliest possible convenience,
There is a final fagal flaw in the
logic of those who see linkages be-
tween lurge and sl firms as the
key tou U.S. comeback in highitech-
nology. The flaw is, quite simply,
that foreiga companies can and are
pla;mg the same game. For ex-
ample, Hoffmann- La Roche has ab-
sorbed Genentech., Japanese firms
have purchased a number of smaller
tirms and nearly all the start-ups have
agreements with foreign panners.
Despite all the controversy. it is
ditficult to block foreign access to
U.S.-developed breakthrough tech-
nofogies. The reason for this ix
simple. The US. high-tech system
procluces wave after wave of stan-
ups that need capital to survive. The
problem is especially acute for com-

panies that have exhausted their ven-

ture capital.
Rode of Universities

Universities have also been
drafted in the drive for competitive-
ness, The university has long phayed
arole i seiey s 3 frainer of seivn-
tists, engineers and other ermployees
with advanuced skills, During the Lue
20th century, the university’s role
has increasingly shified o ope of
basic research. In the years following
World War II, the U.S. government
became a primary funder of basic
research.

With the decline in Amencan

compe:itiveness during the late
1970s and 1980s, concemn grew that |

advances in basic university research
were not beingexploited by industry.

The university came to be viewed as
yet another weapon in the battle for
competitiveness. In the 1970, the

National Science Foundation estab- |

lished a landimark program to create
university-industry centers, In 1980
Harvard University president Derek
Bok announced that the university
was going to have to ally itself more
closely with private industry in an
effort to resuscitate the American

SN
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an important role in the devempment
of commercial technologies, critics
contend that the university is selling
out to industry.

The university is the institution
that produces {and reproduces) the
fundamental scientific and tech-
notogical skills that are so critical for
producing new imnovations. The ex-
cessive emphasis on commercializa-
tion and profituble research has al-
ready partially eroded this institu-
tional space. Once the commons is
destroyed, it will be impossible o
replace.

The real tragedy of the sttuation is
that the root problems of the
breakthrough economy have nothing
to do with the university but lie in
LLS. corporations that canno! tum
their innovations into products. A
hundred. a thousand or a miltion new
university innovations will not solve
this, it is dhconsidered 10 push the
university to umdertake the social
functions of the ndusirial corpora-
tion.

Beyond the Breakthrough
Economy
The common prescription for
these problems is 1o make more ven-

ture capital available, lower texes on

capital wauns, weakent antitrust Jaw,
create uoetas and involve the univer-
sities more o mdustrid activities,
These policies we exactly the ones
that were implemented during the
1980w —u peried which will be
remembered as the fastest relative
drop of a premier economic power in
all of human history. To fum the
economy around in the 1990s will
require a far more fundamental re-
thinking of the social, political and
economic arrangements of this
couniry.

First, the U.S. must radically cut

military sperding, and these monies |

must immediately be redirected into
education starting at the kindergarten
level and job training programs, Sec-

ond,employees mustbe recognized as

the most important stakeholders inthe
firm and simubtaneously they must be
encouraged to contribute to the firm’s
success. However, true commitment
to the firm can only occur if they have
very strong tenure guarantees, In ef-
fect, the entire economy must be redi-
rected foward & long-ermn orientation
and that begins by making a long-term

commiment 0 the commmamy’y eme

SCIences gf the LUniversity of Ladjor-
nia-Davis. Dr. Florida is associate
professor of management and piblic
policy m Carnegie Mellon
University's Sehool of Urban and
Public Affairs in Pittsburgh, PA.



