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William Aspray

: Born in 1952.

Madlson

D1rector of the IEEE-Rutgers Center for the History of Electrical Engmeer—
mg and member of the graduate faculty of history at Rutgers University, |

’ B A. in philosophy & mathematics from Wesleyan University.
M A. in mathematics from Wesleyan University.
M A. & Ph. D. in history of science from the University of Wisconsin at

)

Dr Aspray served formerly as : :
Asso(:late Director of the Charles Babbage Institute for the History of
Informatlcm Processing at the University of Minnesota ; lecturer in Hlstory

of Science at Harvard University ; and Assistant Professor of Mathemat:cal
Scnenees at Willams College.

Books

foim von Newmann and the Origins of Modern Computing (MIT Press,l

11990) ; Computer as Sevvant and Science :

: Impact of the National Sczence

Fozmda!zmz (with Bernard O. Williams and Andrew Goldstein, forthcommg, .
NSF History Series) ; and Noi Only Numbers : A History of the Computer :
(w1th Martin Campbell-Kelly, forthcoming, Sloan Foundation Technology

Serxes Basic Books).
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Technological Competitiveness Historically Observed

a lecture presented by William Aspray,

Director, IEEE-Rutgers Center for the History of Electrical Engineering,

to the Engineering Academy of Japan
17 February 1993

It is a great honor to be invited to lecture
before this august body. The dramatic accom-
plishments of the Japanese people over the past
fifty years are, of course, well known world
over. It is my belief that the hard work, careful
planning, and ingenuity of your engineering
community have been invaluable to these
accomplishments. Thus it is my great pleasure
to have this opportunity to speak to some of
the engineers and managers who have driven
these dramatic changes.

I have been invited tonight to give a his-
torian’s perspective on technological
competitiveness. It is with some trepidation
that I do so because | have only recently begun
to study this important topic. My findings are
highly preliminary, they are based mostly upon
the research of other scholars rather than on
my own work, and they give too much empha-
sis to the American experience with which I am
most familiar. But I hope that yvou will find
something of value in them.

The main part of my lecture will consist of
a brief history of high technology in America
and some lessons from history about contempo-
rary engineering and social issues. But first let
me speak more generally and give five reasons
why I believe that history has value to engi-
neering.

Perhaps most obvious is that history is an
excellent way to help engineers and others

celebrate the monumental technological prog-
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ress that modern societies have made over the
past century.

Secondly, we have a very serious problem
in America of teaching science and engineering
to our young people and getting them to
consider careers in these fields. I believe that
history can be used effectively to enrich their
education and provide role models, so that they
might find engineering as desirable a career as,
say, becoming a lawyer, a baseball player, or a
rock star.

Thirdly, because our citizens have not
usually had strong science and engineering
educations, they do not really know what
engineers do or how they contribute to society.
They are likely to confuse engineering with
science, and often the only time they think of
engineers is when there is a disaster or social
problem, such as pollution or privacy -- for
which they blame engineering. We are trying to
use of historical examples to give the general
public a balanced education in both the contri-
butions and the responsibilities of engineering
in the modern world.

Fourthly, our public officials are faced
with many complicated decisions involving
engineering issues that are crucial to the
welfare of the nation and its people. Many of
these officials are not prepared to make legisla-

tive decisions involving engineering issues, and

~we are trying to improve their ability by

drawing policy lessons for them from historical



examples.

Finally, engineers today are faced with a
bewildering growth in the amount of knowl-
edge produced, so they are forced to specialize
in increasingly narrow technical specialties.
We are using history to broaden their knowl-
edge of the technical aspects of engineering,
and to explain how they are related and how
they came to be the way they are. We are also
using history to educate engineers about the
business, economic, and social dimensions of
engineering to complement their technical
skills.

It is these last two reasons for the histori-
cal study of engineering to educate public
offcials and broaden the education of engi-
neers, that I have undertaken the historical
study of technological competitveness. I took
my first step in 1991, by convening an interna-
tional conference of leading historians and
electrical engineers to investigate historical
and contemporary issues of technological
competitiveness. Many of the examples given
later in this lecture are drawn from that
conference. With my history graduate students
at Rutgers University, | have made a compara-
tive study of the Industrial Revolution and
twentieth-century high technology in the West.
I am here in Japan this week conducting
research for a comparative study in Germany,
Japan, and the United States of how an
engineering background affects the managerial
practice of leaders of technological companies.
I have recently begun to examine the archives
of the AT&T Corporation in order to learn
about the management of America’s most
successful research laboratories, Bell Labs.
And 1 am seeking further opportunities to
study the history of high technology in Japan
as well as in America and Europe.

Let me now turn to a brief history of high

technology in America. The story of high

technology begins with the rise of big business
in the second half of the nineteenth century.
Historian Alfred Chandler and his students
have shown that many of these big businesses
were based upon the manufacture of technolog-
ical products (such as agricultural machinery,
railroads, steel, chemicals, electrical devices,
and later automobiles). In these companies, for
the first time, management was separated from
ownership, and the new professional manage-
rial classes sought to rationalize the business
and manufacturing process and develop new
tools, ranging from filing systems, to improved
communications using telephones and tele-
graphs, to systems of mass production.

At the time, many of these businesses were
based upon the creative talents of lone inven-
tors, often farm hands with practical experi-
ence but little formal education. Companies
would buy the rights to these inventions and
would sometimes retain the inventors on their
payrolls. It was dangerous, however, for com-
panies of such size to base their futures on the
continued availability of private inventions.
They needed a way in which to manage
inventiveness.

Moreover, while some of the early techno-
logical products, such as reapers, sewing
machines, bicycles, and cash registers, could be
invented without formal training, the next
generation of products required developers to
have some scientific training. This was true in
particular of fine chemicals, alternating cur-
rent machines, and even high-precision
mechanical devices such as cash registers.
Thus, around the turn of the century, com-
panies began tentatively to include a research
operation within the company. Government
regulation in the Progressive Era, beginning
with the Sherman Antitrust Act of 1890, limited
the actions a company could take to drive out
monopoly in its

competition and form a
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market. This legislation preserved competition
and created a good reason for companies to
establish research laboratories in order to
make their products better than those of their
competitors.

As historian Leonard Reich has discussed,
among the first were the laboratories at
General Electric and AT&T. These lahora-
tories were initially devoted to testing and
development. Only after the First World War
did most of these laboratories began basic
research activities. In the interwar years, the
growth of research laboratories and advances
in high technology were slowed by the Great
Depression, lasting throughout most of the
1930s. Nevertheless, the value of science-based
research and advanced engineering to bhig
business was showcased by the successful
laboratories at AT&T, DuPont, General Elec-
tric, and General Motors. There was also a
tremendous growth, beginning in the 1920s, of
small research laboratories and small com-
panies, building in particular on the invention
of the radio.

Mainly as a result of the growth of the
radio and telephone businesses, by the end of
the 1930s a great body of knowledge, developed
mainly in industry but also in academia,
existed concerning electronics. This knowledge
was put to extremely effective use by the Allied
forces during the Second World War. After the
war, there was a tremendous growth in high-
tech industries, both small and large. Partly it
involved commercializing the many technol-
ogies developed during the war, partly the
continued growth of military technology for
the Cold War. The scale of development just
after the war was much greater in America
than in other places, for many reasons: the
nation came out of the war with its infras-
tructure and economy intact, quite unlike those

in Europe and Japan; there was a great rise in
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the level of confidence in American ability and
know-how; markets were large; factory capac-
ity was greatly expanded from the war effort;
the government generously supported higher
education through the GI Bill; the higher
educational system was excellent; technologies
and engineers were captured, especially from
Europe; and venture capital was widely avail-
able. Thousands of engineers were trained,
large companies rapidly expanded their engi-
neering staffs, and many small high-tech start-
up companies were formed. Television, com-
puters, atomic energy, large turbines, aircraft,
and many other industries grew rapidly.

In the post-war era, at the same time as the
rise of high-technology, there was a tremen-
dous growth in the number of business schools.
This was an indication of the increasing inter-
est in making more efficient the business
operations of technological business. General
Motors presents a good example of how this
affected the high-technology company. In the
interwar years, Alfred Sloan, at the helm of
General Motors, had built up a premiere
research laboratory under the direction of
Charles Kettering. However, also during this
time, he had tightened the financial operations
of the company and had introduced the concept
of model years, so that automobiles were being
sold by marketing gimmicks that had to do
more with style than substance. These finan-
cial and accounting efficiencies were honed to
a high degree of perfection, especially after the
war by General Motor’s brilliant manager,
Robert McNamara. McNamara was so suc-
cessful that General Motors and many other
technological companies began to pay more
attention to sales and finance and progressive-
ly less attention to product enhancement and
innovation. This trend was reinforced by im-
proved information technologies and communi-

cations that enabled investors and market



consultants to track investments more closely

and emphasize short-term return on
investment-- a trend which, of course, went
against extensive investment in research and
development.

Although the Republican Party is the one
generally associated with pro-business posi-
tions in the United States, Republican adminis-
supportive of high-

trations were less

technology in the post-war period than
Democratic administrations. In their drive for
free marketplaces, Republican administrations
attacked actual or perceived monopolistic
as AT&T and IBM,thus

hurting their ability to invest in R&D ; they

companies, such
presented obstacles to other companies, such as
General Electric and Westinghouse, when they
tried to share information with one another or
enter into joint ventures; they refused to
develop a national technology policy; and they
did not effectively share government research
results with industry, develop effective trade
policies, or help coordinate or seed research in
high-tech industries.

It is true that technological competitive-
ness changed from a firm-oriented to a national
issue in the 1980s, during the Republican
presidencies of Ronald Reagan and George
Bush. However, the possible benefits of this
change were undermined by the Republican
free-market ideology, which restricted these
presidents primarily to lowering taxes and re-
pealing regulations that affected business
operation, rather than promoting new kinds of

technological development. There were occa-

sionally efforts to improve national
competitiveness through investment, e.g.in
national supercomputer facilities, but they

were so few and far between that they were not
effective . The greatest government support for
R&D continued to be, as it had been throughout

most of the twentieth century, the large

amounts of money poured into military tech-
nology and occasional Big Science projects
such as the space telescope or the supercon-
ducting supercollider. However, there was
little or no effort to transfer this technology to
commercial uses; while wvaluable industry
actions, such as Sematech and the Microcom-
puter Consortium, or the attempt to build a
“Commercial DARPA"received indifferent or
hostile reaction from the Republican adminis-
trations.

For the sake of brevity, this history of high
technology has left out many important topics,
such as industry-academic relations, regional
technology centers such as Silicon Valley and
Route 128, and venture capital markets. I must
now turn to my final topic, drawing some
lessons from history that have relevance to
contemporary engineering and social issues. [
cull all of my examples from the technological
competitiveness conference I mentioned ear-
lier. Rather than giving the details of the
historical case studies, I will concentrate on the
lessons that can be drawn from them. The
historical cases will be available for reading in
April, when the proceedings of the conference
are published.

There is a saying in England that there is
no need to bring coal to Newcastle, one of the
great coal-producing regions. I feel somewhat
that way in my first set of observations, which
These lessons are drawn

concern Japan.

mainly from three papers : one on molecular
beam epitaxy research by the Swedish scholar
Lennart Stenberg, one on Japanese electronics
components industry by Yuzo Takahashi of
Tokyo University of Agriculture and Technol-
ogy, and a third one by James Gover, an
American engineer who holds a Congressional
Fellowship from the IEEE, comparing the
Japanese and U. S. electronics industries.

What do these studies of Japanese elec-
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tronics show ?

1. Although many Americans believe that
Japanese government agencies, in particular
MITI, have an uncanny omniscience in select-
ing which technologies and companies to
support; the government’s success is largely
attributable to the knowledge trasferred from
industry to government through close working
relationships between business leaders and
government officials. These kinds of relation-
ships are, however frowned upon in America.

2. Japan gains substantially from continu-
ing close working relationships between uni-
versity professors and their students who work
in industry. These kinds of relationships also
exist in the United States, but they are gener-
ally not as strong nor as common as they are in
Japan.

3. Japanese manufacturers have devoted
substantial attention to components, materials,
packaging, and manufacturing, which have
been critical in their ability to provide world
standards in quality and reliability. By con-
trast, manufacturers in the United States have
devoted greater attention to the production of
finished systems and devices.

4. Another

Japanese system over the American one has

great advantage of the
been the orientation towards consumer rather
than military markets. The American practice
of commercial spinoffs from military technol-
ogies is inherently inefficient.

5. Japanese companies have done a signifi-
cantly better job than American companies at
improving quality, reliability, and cost through
the mechanization of manufacturing.

Let me next turn to some historical lessons
specifically about America:

6. A study by American historian Stuart
Leslie has shown that Silicon Valley was
shaped largely by Cold War defense policy, and

that those many American regional planners
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who try to duplicate Silicon Valley may be
choosing an unwise strategy because commer-
cial markets are on the ascendancy and
military markets on the decline.

7. American legislators are frequently
required to make decisions about Big Science
projects, such as the space telescope or the
superconducting supercollider, but few of these
legislators are knowledgeable adout scientific
and engineering issues. These are important
pieces of legislation because they are the way
in which the federal government provides its
most generous support to advanced science and
engineering. Often the proponents of Big
Science projects argue that scientific advances
will lead directly to technical advances.
British-born historian Robert Smith has
pointed out that historians of technology have
overwhelmingly shown that this is not neces-
sarily the case, and hence that this argument in
favor of Big Science projects is flawed.

Some of the lessons we have learned from
historians apply generally, rather to any spe-
cific country :

8. In order to protect its computer industry,
the British government rationalized the indus-
try through forced mergers and other means so
that the remaining companies could compete
more effectively against foreign competitors.
British historian Martin Campbell-Kelly has
shown that this strategy failed completely for
the British government and suggests that it is
hard to implement in other situations.

9. The Scottish Donald

Mackenzie and the Dutch historian Boelie

sociologist

Elzen have shown that social factors can affect
competitiveness in unforeseen ways. They have
made a study of the relations between the users
and manufacturers of supercomputers in
America, which suggests that strong social ties
between users and manufacturers can create

barriers to entry for new companies and retard



technical improvements in the products offered
for sale.

10. American historian Susan Douglas, in
studies of ham radio operators, hi-fi enthusi-
asts, and computer hackers, has shown that
industry and government are not the only
players in competitive fields; that individuals
and private groups can contend with establish-
ment organizations over the uses of technol-
ogies and directions of technological develop-
ment.

11. In a study of the electric trolley in
competition with steam-powered and horse-
drawn carriages, my colleague Eric Schatzberg
has shown that where cost and technical
performance do not clearly determine a victor
among competing technologies, other factors
such as industry structure or perceptions about
the progressiveness of the technology may
prove decisive.

12. The Ulrich

Wengenroth has shown that versatility is also

German historian
an important factor in the success of a technol-
ogy. He has shown that when electric motors
were first introduced into factory settings, they
were more expensive than steam driven equip-
ment and were less reliable, but they were
adopted because of their versatility, both in the
many kinds of jobs they could perform and in
the flexibility they provided textile and other
mill owners in the way in which they arranged
their production facilities.

13. In a study of the early success of
General Electric, American historian Bernard
Carlson has shown the importance of the
company’s ability to complete successfully for
capital, the value of the company’s organ-
izational structure, and the importance of
strong leadership. These lessons no doubt
apply more widely.

14. In separate studies, French historians

Alain Beltran and Pascal Griset and American

Hecht and

Lipartito have shown that competitiveness can

historians Gabrielle Kenneth

come into play even in monopolistic and
publicly regulated industries, such as power or
telephone service. However, in these cases it is
usually defined in terms of competition over
customers (e.g. between coal and nuclear
energy providers) or the aims of the technology
(e.g. to serve business or individual users).
These studies also show that government
regulation can effectively introduce competi-
tion into monopolistic industries.

15. Competition can cause serious prob-
lems, however, especially for developing
nations. Pascal Griset’s study shows that even
in as developed a nation as France, there can
be a fundamental tension in preparing the
nation to compete hetween having the best
technological infrastructure and supporting the
country’s indigenous suppliers of that infra-
structure.

Time is short, so let me close simply by
restating the observation of one of the first
Western observers of technological
competitiveness, Arnold Toynbee, who wrote

in 1884:

“Competition, we have now learnt, is neither
good nor evil in itself; it is a force which has to
be studied and controlled; it may be compared
to a stream whose strength and direction have
to be observed, that embankments may be
thrown up within which it may do its work
harmlessly and beneficially.” (Lecfures on the

Industrial Revolution)
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