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About 40 people met at the University of 
Arizona in December 1990 to discuss the 
influences of Japanese and U.S. cultures on 
technological innovation in advanced ma-
terials. Roughly half the conférence partici­
pants were equally divided between 
Japanese and U.S. scientists/engirieers 
who hâve been and are successful re-
searchers, managers, and innovators play-
ing leadership rôles in materials research 
and development. A quarter of the partici­
pants were active or former successful 
managers of materials development and/ 
or serious scholars of innovation and tech­
nology transfer. The final quarter consisted 
of anthropologists and sociologists, most 
with little or no background in technology 
or technological innovation. The confér­
ence was an experiment in an emerging 
field that I shall call the "anthropology of 
technology." 

The paradigm of materials science and 
technology is that materials synthesis and 
processing lead to structure and properties 
that détermine performance. Only a little 
reflection will show that this model mixes 
apples and oranges. Structure and proper­
ties are material attributes. Processing and 
performance are socio-technical activities 
involving human perceptions, human be-
havior, and social organization. The engi­
neering community is beginning to 
recognize and accept this: the 1990 Na­
tional Academy of Engineering Annual 
Meeting Symposium considered "Engi­
neering as a Social Enterprise." 

Our meeting began with a discussion by 
Stephen Kline of Stanford University 
about how and why we should be con-
cerned with the nature of the socio-
technical Systems within which 
technology is embodied. Such Systems are 
complex, and innovation may involve 
changes not only in products and proc­
esses of manufacture but also in the social 
arrangements of the System, fiscal and lé­
gal matters, the socio-technical Systems of 

distribution and use, and the overall Sys­
tem as a whole. Kline proposed a para­
digm for innovation that involves a 
number of différent feedback loops. 

In discussing technological innovation at 
some depth, we are on the horns of a di-
lemma. We need the participation of the 
scientific and engineering craftsmen who 
are out there doing innovation and hâve 
firsthand knowledge of what's actually 
happening. But their model for such a dis­
cussion tends to be one of technological de-
terminism and an almost inévitable 
séquence of events that we know to be false 
or misleading. We addressed this problem 
by bringing technologists and managers 
together with anthropologists who hâve 
little knowledge of technology, but a sensi-
tivity to the social and cultural context of 
technological activities and change. In a 
further restriction on the scope of our 
meeting, the topic was limited to influ­
ences of cultural différences—between Ja­
pan and the United States. We chose to 
focus on Japan vis-à-vis the United States 
for two reasons: 1. There are distinct cul­
tural différences which many books and 
articles hâve associated with relative suc-
cess in science, technology, and corporate 
management; 2. Japan and the United 
States are world leaders in the field of ad­
vanced materials. 

Discussions focused on the invention of 
new products and processes and the early 
stages of product development as nascent 
and infant industries. At this stage of the 
innovation process, there has been little 
comparison between Japan and the United 
States even though the nucleation and 
growth of new industries may well be a 
critical step in the development of new 
high-value-added manufacturing. In order 
to focus our discussions we selected three 
advanced materials that are widely consid­
ered to be harbingers of the future. The 
discovery and confirmation of high-
terhperature oxide superconductors in 

1986 unleashed extensive international re­
search which has led to thèse materials be-
ing on the threshold of commercial 
innovation. Synthetic diamonds formed at 
low pressures hâve been undergoing tech­
nological development for about 10 years 
and commercial products are now being 
manufactured on a limited scale. Silicon ni-
tride and related structural ceramics hâve 
been actively pursued for almost 40 years 
and are now in regular production in what 
may be described as an infant industry. As 
a group, thèse advanced materials provide 
insights into the progression from inven­
tion to nascent commercialization to infant 
industry. 

Culture refers to the framework of be-
havior, beliefs, and customs common to a 
society; the structure within which events 
and behavior are interpreted; and the val­
ues and expectations within which the 
world is ordered. Japan and the United 
States hâve national cultures, but there are 
also various subcultures associated with 
smaller social organizations such as uni-
versities, national laboratoires, and corpo­
rations within which technological 
innovation occurs. 

Cultures are shaped by a variety of influ­
ences and change over rime. In the United 
States, the changing rôle of women has led 
to revolutionary modifications in the fam-
ily and the workplace. In Japan, wbmen 
are rarely seen in technological and mana-
gerial rôles, but this seems to be changing. 
Some U.S. and Japanese managers are ac­
tively attempting to modify their laborato-
ries or corporate cultures. Traditional 
Japanese researchers and managers hâve 
lifetime employment, and work is often 
considered the most important life activity. 
However, some fraction of the génération 
under âge 30, the "shihjinrui," are not 
afraid to change jobs and are said to care 
more about their pleasures than their 
work. Cultural contexts are deeply imbed-
ded and difficult to alter, but one should 
keep in mind that this conférence was pop-
ulated by successful innovators and man­
agers in the 35-65 âge group. 

When we question how culture and so­
cial context affect innovation, we may 
ihquire as to the effectiveness of communi­
cation between designers, engineers, and 
users. We may ask if the record shows that 
Americans are better at bold new theory 
and the Japanese better at incrémental im-
provement. Americans generally believe 
that design by committee is catastrophic 
while the Japanese seem much more com-
fortable with that process. Does this sug-
gest that the styles of Japanese and 
American innovation differ rather than 
their contents? Can there be group consen­
sus innovation in Japan which is as effec-
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Hitachi's cold field emissionTEM. 
Takes election microscopy 

into a new era. 
The advantages of a cold field emis- no comparison in electron energy 
sion (FE) electron source over spread. At 0.3 eV, it's a small fraction 
thermionic sources are unques- of that of other sources. Further, the 
tioned—higher brightness and beam HF-2000 has a high probe current-
coherency, small size and reliable 
drift-free operation. 

Now, with the HF-2000, we've 
incorporated this powerful source 
into our proven TEM technology. 
Raised analytical electron micros­
copy to a new level. And achieved it 
without compromising the stable, 
reliable performance that marks all 
our electron microscopes. 

Begin with source brightness. In 
the HF-2000, it's 100 times that of 
LaB6 emitters, 1000 times that of 
tungsten filaments. Similarly, there's 

of the order of 1 nA— contained in 
a probe a mere 1 nm across. And the 
10"10Torr vacuum maintained by the 
system's ion and turbo-molecular 
pumps helps ensure emitter life 
exceeding 1000 hours. 

Higher resolution, higher con­
trast imaging. True nano-area X-ray 
microanalysis. Easily applied elec­
tron holography. Dependable, drift-
free operation. Answering these as 
well as other future needs, our cold 
field emission TEM is a system you'll 
want to learn more about. Call or 

write for details or to arrange 
a demonstration of the HF-2000. 
It's a genuine breakthrough. 
And another promise kept. 

0 HITACHI 
SCIENTIFIC INSTRUMENTS 

Nissei Sangyo America, Ltd. 
460 E. Middlefield Road 
Mountain View, CA 94043 
(415) 969-1100 

25 West Watkins Mill Road 
Gaithersburg, MD 20878 
(301) 840-1650 
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tive as directed team innovation in the 
United States? We may ask what accounts 
for the innovative success of Japanese na­
tional laboratories. We may ask whether 
advanced materials innovations occur in 
the same mode as agricultural innovations 
or as innovations in mature industries. We 
may ask if laboratory, village, corporate, 
and household mobilization of labor follow 
the same patterns. Two major différences 
are the strong "vertical" social structure in 
Japan and Japanese group consensus 
decision-making versus the U.S. directed 
team approach. We may ask how thèse cul-
rural différences affect innovation and in­
vention. We must recognize that the 
interactions of culture and technology con-
stitute a multiple, variable, complex social-
culture-technological process that is not 
subject to facile, reductionist, one-line con­
clusions. 

AU the discussions at our meeting ar-
gued against giving too much credence to 
simplistic statements based on anecdotal 
évidence. That said, the conférence did 
make some progress in initiating a process 
leading to a better understanding of thèse 
issues. There was unanimity among those 
présent that each participant took away a 
sensé of benefit. 

In the space available, it's not possible to 
summarize a vveek's discussion of a com­
plex subject.* But let's take one example: 
The idea that Americans are highly créa­
tive and that the Japanese hâve taken U.S. 
breakthroughs and transformed them into 
commercial success has corne to be ac-
cepted wisdom in many circles. Our dis­
cussion of the discoveries associated with 
high-temperature superconductors and 
with low-pressure diamond synthesis pro-
vided no support for this view. In the field 
of high-temperature superconductivity, 
where Japanese and U.S. researchers left 
the starting gâte together, the rate of new 
discoveries has been remarkably equal. 
Japanese research has been as créative as 
its American counterpart and vice versa. In 
the discovery phase of low-pressure dia­
mond synthesis, the Japanese hâve taken 
the lead. It seems that many analyses of 
U.S. versus Japanese creativity as resulting 
from différent educational Systems, etc., 
may be based on a faulty premise and 
largely without merit. 

It is clear that U.S. scientists hâve gar-
nered an overwhelmingly large fraction of 
Nobel prizes in the basic sciences. Confer-

*A complète conférence proceedings is 
available: japanese!American Technological In­
novation, edited by W.D. Kingery, Elsevier 
Science Publishing Co., 1991. 

ence discussions suggested that this may 
resuit from a profound différence in Japa­
nese and U.S. concepts of "science" and of 
learning. The essence of U.S. science is 
taken as the development of principles and 
laws that can serve as fondamental con­
cepts underlying future experiments and 
provide a basis for technological develop­
ment. Science in Japan is taken rather as 
the process of methodological expérimen­
tation that leads toward learning. Expéri­
mental results are important because an 
expérimental fact is "truth"; explanations 
and interprétations are less important. In 
advanced materials this concept of science 
has led researchers in Japan to focus more 
strongly on synthesis and processing of 
materials, in contrast to U.S. research dom-
inated by characterizations based on con-
densed phase physics. This fundamental 
conceptual différence, deeply embedded 
in U.S. and Japanese cultures, was influen-
tial in many aspects of our discussions. 

Many analyses of 
U.S. vs. Japanese 

creativity.. .may be based 
on a faulty premise. 

The U.S. national consensus is that basic 
science inevitably leads to applied science, 
technology, innovative manufacturing, 
and a better quality of life. Although 
shown to be myth by many historians of 
technology, it is a widely and deeply held 
view by most scientists, policymakers, 
CEOs, legislators, and ordinary people. 

In Japan, by contrast, science and engi­
neering is seen as a single community. In 
Japan, there is an air of technology enthusi-
asm which has already passed into history 
in the United States. In his book American 
Genesis, Thomas P. Hughes quotes Perry 
Miller, who describes the American exhila-
ration with technology at the turn of the 
century: Americans "flung themselves 
into the technological torrent, how they 
shouted with glee in the midst of the cata-
ract, and cried to each other as they went 
headlong down the chute that hère was 
their destiny...." This period exists now in 
Japan and is exemplified by what has been 
described as a "ceramic fever" engaging ail 
segments of the population during the 

1970s. In Japan, the national consensus 
shared by scientists, engineers, corporate 
CEOs, politicians, legislators, and ordi­
nary people is that Japan has a national im-
perative to place itself at the forefront of 
evolving technologies. 

Thèse différent cultural visions of sci­
ence and technology hâve profoundly in-
fluenced the course of technological 
innovation in advanced materials. As one 
example, U.S. national laboratories hâve 
been mainly centers of science; Japanese 
national laboratories focus on technologi­
cal advancement. 

The Japanese cultural mindset of "learn­
ing by doing" as compared with the U.S. 
mindset of "learning from principles" 
seems to hâve strongly influenced ad­
vanced materials innovation. The U.S. em-
phasis on individual achievement versus 
the Japanese emphasis on group achieve­
ment has also influenced advanced materi­
als innovation. In the United States, 
characteristics of individuality hâve led to 
intense specialization, strong disciplinary 
boundaries, and effective networking 
ivithin a scientific field, reinforcing and 
strengthening the effectiveness of the sci­
ence establishment but isolating scientists 
from materials innovation. Japanese cul­
ture promotes a much more generalist set 
of interactions. 

The strong "vertical" social organization 
in Japan exerts influences in many ways. 
One resuit is the deep trusting relation-
ships that develop between suppliers and 
manufacturer and between manufactur­
e r and customers. Many important feed-
back loops for technological innovation 
corne from customers and customer per­
ceptions. 

The conférence discussions ail recog-
nized technological innovation as a long-
term process rather than an event. The 
préférence in Japan for 5-10 year funding of 
development programs, compared with 
the one-year review period common in the 
United States, has influenced the results 
achieved. 

Our discussions made clear that people 
do matter and that there is a strong oppor-
tunity for a new anthropology of technol­
ogy. Technological innovation is a process 
that involves aspects of social organization 
and human behavior that are equally or 
more important than technical considér­
ations. The conférence and this approach 
toward thinking about technological inno­
vation is best seen as an initial uncertain 
beginning. 

David Kingery has joint appointments as 
professor of materials science and engineering 
and professor of anthropology at the University 
of Arizona, Tucson. 
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Fast, Clean Ion Pumps 
Perkin-Elmer noble 
gas diode ion pumps 
cleliver fast, contami-
nation-free pumping 
of ail types of gases 
for a variety of UHV 
applications. The 
complète Une of 

differential, hydrogen and conventional ion 
pumps are highlighted in the new Ion Pump 
Quick Référence Guide. This free guide 
includes features and spécifications on 
the complète Une of pumps, ranging from 
0.2 to 500 1/s. 
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Learn The Secrets To 
Complète Surface Characterization 
Surface analysis can 
help you develop 
and enhance the 
lifetime of your 
materials. And 
we'll show you how. 
Fundamentah and 
Applications of 
Surface Analysis is a workshop presented 
by Perkin-Elmer Physical Electronics that will 
introduce you to the benefits of surface 
analysis. The workshop provides a complète 
overview of each surface analysis technique, 
plus a démonstration of surface analysis 
instrumentation. 
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Research Systems At Comportent Priées 
With PHl's Surface Analysis Research Systems, 
you çan get the instrument you necd at a cost 
comparable to "do-it-yourself" component 
Systems. You sclect the techniques (XPS, ISS, 
UPS, Auger and LEED) and options which 
meet your analytical needs and budget. We'll 
build it, install it, test it and guarantee it for 
one year. Plus, you get a System based on the 
proven performance of Perkin-Elmer, Physical 
Electronics. 
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One System, Multiple Solutions 
One System can provide ail the answers you 
need. The PHI 5500 MultiTechnique gives 
you the ability to employ a combination of 
analytical techniques for complète surface 
analysis solutions. XPS, 
Auger, Static SIMS, 
ISS and UPS provide 
slightly différent, 
yet synergistic 
elemental and 
chemical infor­
mation, perfect for 
the demands of corro­
sion, adhésion and 
polymer applications. 
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NEW! Static SIMS Référence 
Handbooh 
The new STATIC 
SIMS HANDBOOK 
OF POLYMER 
ANALYSIS from 
Perkin-Elmer, 
Physical Electronics I 
is a unique référence source for the 
identification and interprétation of posi­
tive static SIMS surface analysis data. 
Included in the handbook is spectra 
obtained from more than 80 commer-
cially significant polymers, plus a compre-
hensive discussion of static SIMS analysis. 
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NEW! 1992/93 Surface Analysis 
Components Catalog 

Now available, die new 
PHI Surface Analysis 
Components Catalog 
is a complète source of 
components, sub-
systems and ultrahigh 
vacuum equipment for 
a variety of surface analysis applications. With 
over 270 pages of features, spécifications and 
ordering infonnation, the catalog will help you 
choose the components you need to cconomi-
cally build your ovvn customized, high perfor­
mance surface analysis System. 
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TURNING THE CORNER 
ON PERFORMANCE 

Quantum Design's MPMS7. It's the latest addition to our 

Mognetic Property Measurement System family. The MPMS7 

extends your research to a field strength of 7 Tesla - while the 

recently introduced MPMS2 permits investigations, including 

AC Susceptibility, down to milligauss levels. Also, existing 

5.5 Tesla MPMS models can be upgraded to 7 Tesla. Ail three 

models (MPMS7, MPMS5 & MPMS2) meosure magnetic 

moment over a wide température ronge (1.9 to 800 Kelvin 

with optional oven). 

.001C .010 0.1G 1G 10G 100G I I 2! 31 41 51 61 

MPMS2 avers the low range km 0.002 gauss to 1 Tesla. 

.001G .01G 0.1G 1G 10G 100G 11 21 31 41 5T 61 71 

MPMSS meets midtonge requiiements hom 1 gauss to 5.5 Testa. 

.0016 .01G 0.1G 1G 10G 100G 11 21 31 41 51 61 71 

MPMS7 extends your resemé to 7 Testa. 

And we're building ond shipping ail three right now - not just 

kinq about it. 

SEE WHAT AN MPMS 
CAN DO FOR YOU 

Contact us or your neorest Quantum Design Représentative 

todoy for complète détails on the advanced Systems ovoilable 

todoy. 

i t r u s t a i ÂTIVIS 

A U S T R A U A 

Domo-Technico Ply. Ltd. 

PHOHE: (02) 874-7761 

FM: (02) 858-4212 

E U R O P E 

S.H.E. GmbH - Germany 

PHOHE: (0241) 1S-50-37 
FAX: (0241) 15-69-12 

I N D I A 

V.S. Scientific Instrument Agency 

PHOHE: (11) 644-7577 
FAX: (11) 642-5540 

J A P A N 

Niki Gloss Co. Ltd. 

PHOHE: (03) 3456-4700 
FAX: (03) 3456-3423 

K 0 R E A 

Hanmac Corp. 

PHOHE: (02) 553-7441 
FAX: (02) 556-6816 

T A I W A N 

Scienthem Corp. 

PHOHE: (02) 641-3924 
FAX: (02) 641-0790 

Please visit Booth No. 709-710 at the 
MRS Equipment Exhibit in Boston, 
December 3-5,1991. 

Fgï QUANTUM 
~= DESIGN 

DeSvaâg Athmœd lakndngy Taday. 

Q U A N T U M D E S I G N 

11578 Sorrento Valley Road 

Suite 30, San Diego, Califomio 

USA 92121-1311 

C A U T O L l - F R E E 

800-289-6996 
PHOHE: 619-481-4400 

FAX: 619-481-7410 
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