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ABSTRACT

Forty international technology assessments conducted over the last 10 years by the
Japanese Technology Evaluation Center and related centers have uncovered many
benchmark technologies. Four recent FEuropean technology assessments
complement Japanese studies to provide coverage of most of the world's major
players. Some of the world's best R&D was done for the Soviet military; three recent
delegations to the former Soviet Union were shown many interesting results to
encourage commercialization. A new series of transportation technology
assessments demonstrate that techniques from Europe can significantly improve
American roads. The International Technology Research Institute (ITRD) now
manages these studies.

Benchmarking foreign technologies by experts in the discipline can provide goals
for national and corporate strategies for competition. The ITRI technology
assessments by 250 expert panelists demonstrate that U.S. engineers and scientists
must interact with foreign colleagues in their labs or risk being left behind in R&D,
especially by Japan.

Before 1984, Japan perfected and exploited technologies largely imported from
abroad. With heavy investment in R&D during 1984-94, Japanese R&D capabilities
advanced rapidly relative to the U.S. in many fields, and came to equal or surpass
the U.S. in some. The Japanese now lead in R&D for most kinds of electronic
devices, and in important aspects of telecommunications. The U.S. still leads in
computer science and biotechnology R&D, but the Japanese gained significantly
during 1984-94. The Japanese place greater emphasis on materials R&D than the
U.S. in most fields studied, and are gaining on the U.S. In other fields results are
mixed, but there were several where Japanese advances relative to the U.S. were
found: nuclear power, construction and mechatronics. Among many factors,
Japanese government technology policies were identified as contributing significantly
to this advance.

U.S. Government and industry are now alerted to the threat to their high—-technology
leadership and have begun to respond constructively, but much remains to be done.
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PREFACE

When I went to work at the National Science Foundation in 1984, I had spent 20
years as a professor of electrical engineering and computer science. As a beginning
science policy analyst, I soon found that applied science was only one of many
perspectives that had to be considered. Indeed, economists, lawyers, politicians,
diplomats, physicists, and many other professionals were more influential in
Washington than engineers.

My first assignment was to provide day-to—day management of the new Japanese
Technology Evaluation Program originated by George Gamota. As the reports came
in from the expert panelists, I was struck by their findings that the Japanese
Government was making a concerted effort to surpass the U.S. in R&D, and was
making great progress. Since the Japanese had already taken over many markets
using technologies imported from the U.S., this new development was alarming. If
the Japanese could strengthen their manufacturing industries in this fundamental way,
were there going to be jobs left for U.S. manufacturing workers ~ or for engineers?

Later I worked for an interagency committee that was trying to determine how the
Government should respond to the collapse of the U.S. computer memory (DRAM)
industry as a result of Japanese dumping. The committee was polarized between
engineers who predicted dire consequences for the U.S., and Administration
economists who thought that this was just another industry that had come to
Washington for a handout, or for protection from competition. I was lectured on the
economic theory that claimed the loss of the entire semiconductor industry would
have no economic impact for the U.S. over the long run. That is, if the Japanese
were naturally endowed with competitive factors that made them better at making
semiconductor chips than we were, we should merely buy them from the Japanese.
Especially, if they sold them below cost, we should accept this gift, while closing
down our industry. Eventually all the liberated resources (including labor) would
be redeployed to whatever sector of the economy where we still had the competitive
advantage: potato chips, perhaps. While I was no economist, it was clear the
Japanese did not subscribe to this theory, and it was hard to argue with their
successes.

The Reagan Administration eventually also became convinced that this argument
failed the laugh test and took action in funding SEMATECH and getting tough in the
1986 U.S.-Japan Semiconductor Accord. I believe this support helped U.S.
semiconductor and semiconductor manufacturing equipment industries make an
impressive comeback, although their hard work was also important.
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This accelerating competition from the Japanese made me curious as to why they
were so successful in the marketplace, using technologies invented in the U. S., and
now were becoming so effective in developing their own new technologies. Could
the U.S. leam the secrets of this success and save its industries?

There really is no satisfactory methodology to prove the success of policies intended
to assist entire industries. Inevitably, the effort degenerates into a political argument
about the amount of government presence in society that is constructive.

To measure the outcomes of Japanese investment in R&D, the JTEC approach
described in this paper involves simply asking some of the best American scientists
to make subjective judgements of the achievements of the R&D process abroad in
comparison to their own work. Since there was no assumption that the Japanese
were gaining in the technology, there was no assignment to the panel to identify
factors that caused such success. Often, however, the panel did find such strengths,
and as a logical consequence, they concluded that certain factors enabled them —-
frequently factors that were deployed by government technology policies. This is
about as convincing as it gets, and those results are summarized here.

I apologize to those who think it obvious that Japanese investment in R&D has paid
off. While Japanese scientists grumble about government "administrative guidance,"
it i1s hard to find Japanese who deny the success of their industrial policy.
Governments everywhere promote their high technology industries; the Japanese just
seem recently to be most successful. [ thought this paper was needed because
some still deny this effectiveness (Zinsmeister, 1993).

In making this summary, I have had the advantage of being involved in the program
from near the beginning, accompanying eight of the panels on foreign study tours,
and attending the 37 resulting workshops. [ am certainly not competent in all the
areas covered here, and in none of them to the degree of our very distinguished
panelists. The study summaries and ratings could be checked with about half of the
panel chairs, and none wanted to change a rating. I remain responsible for the
conclusions.

To be complete, this paper also briefly summarizes our first European studies, which
usually supplement specific Japanese studies. There have not yet been enough to
allow many cross—cutting conclusions for European technologies themselves.

With the Japanese economy in recession, some feel that Japan is no longer the
mighty competitor it once was. But even in bad times, they enjoy a trade balance
of unprecedented proportions. Their recession was catalyzed by the Bank of Japan
to discourage speculative excesses with all those dollars ~ the "bubble economy."
The Japanese may emerge from this recession stronger than ever. Americans should
take advantage of this respite to learn from our competitors and respond
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R.D. Shelton Vil
EXECUTIVE SUMMARY

This paper provides a concise summary of 10 years of technology assessments done
by the Japanese Technology Evaluation Center QTEC) and related centers. The
scope has recently been extended to Europe and the former Soviet Union, but most
of the author's conclusions about trends and implications are limited to Japan.

Japanese research and development advanced its position relative to that in the
United States during 1984-94 as measured by JTEC assessments by 30 panels of
American experts. While technologies were usually selected for study because the
Japanese had interesting results, it is significant that most assessments show them
improving their position, and there were no overall assessments that the Japanese
were losing their relative position.

Panels often identified the sources of this increasing Japanese strength. While JTEC
experts are distinguished scientists and engineers, many are also senior R&D
managers who can analyze the resources needed for success. Their opinions are
based on a knowledge of this connection well beyond that of the layman. While
many factors were mentioned, a common theme is that the technology policies of the
Japanese Government contributed to enhancing their country's R&D capabilities.
Examples of such policies cited included national goal-setting, planning, and
coordination; organization of national R&D projects; and financial support of R&D in
areas of high market—growth potential, including encouragement of industrial support
of this R&D.

This demonstration that Japanese technology policy, with its heavy investment in
R&D, has resulted in advancing Japanese technologies is not surprising, but should
be useful because: (1) The effectiveness of Japanese industrial policy has been
denied by influential economists, who wished to discourage such government
intervention in the U.S. (2) The Europeans have followed superficially similar
policies in an attempt to compete with the Japanese (and Americans) in high
technology markets, and many believe they have little to show for it.

There are several limitations to the findings. Most panels could only inspect a small
sample of the research projects abroad. The Japanese emphasize applied research
and product development; they have relatively little activity in basic research, since
those results are more easily imported. Because of these factors and the wide
variance in the quality of research projects abroad, panels are sometimes reluctant
to rate the overall position of the foreign R&D relative to the U.S. In monitoring
changes in position, it is difficult to revisit exactly the same technology years later;
it 1s much easier to raise funds for study of a new technology. While tables have
been organized to make comparisons between similar technologies possible, the
studies covered different sets of sub—technologies, so the data points are scattered.
Usually the subjects selected were those where it was expected that there were
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growing sources of strength abroad. Sometimes, however, the purpose has been to
guide international cooperation.

Despite these limitations, it is still possible to reach some useful conclusions, as
summarized in Tables 1-10 in the paper, which were compressed into two tables for
this executive summary. Table E-1 presents the bottom line: A comprehensive series
of technology assessments have found the Japanese to be advancing in R&D relative
to the U.S. and have found that Japanese technology policies have contributed to that
success. It should be noted that the conclusions do not assert that advancement of
R&D alone will result in success in the marketplace ~ there are many other factors
involved in that arena. Also, the findings do not demonstrate that similar technology
policies would be effective in the U.S.

The assessments themselves are summarized in Table E-2. Ratings were done by
the author of this paper based on the panel reports. In the "Rate" column, "A" means
that the R&D effort abroad was more advanced than in the U.S., "B" about even, and
"C" that they were behind. If "t" is appended, the foreign R&D establishment is rated
as improving its position relative to the U. S.; "i" means the opposite. If neither is
appended, the two are viewed as maintaining their relative position. These
assessments are based on the situation at the time of the study, of course. Since one
purpose of this paper is to uncover trends over the last 10 years, the older
assessments are almost as relevant as the most recent ones. In Japan the trend is
clearly upward with time.
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Table E-1
Most Significant Findings

Benchmarking foreign technologies by experts in those disciplines can provide
goals for national and corporate strategies for competition.

Forty ITRI technology assessments by 250 expert panelists demonstrate that U.S.
engineers and scientists must interact with foreign colleagues in their labs
abroad or risk being left behind in R&D, especially by Japan.

After World War II, Japan perfected and exploited technologies largely imported
from abroad. By 1984 it had become clear that Japan intended to develop its
own technologies.

The Japanese still emphasize applied research with relatively little lab work in
basic research. Thus their basic-research component of R&D is an international
technology—transfer process at which they excel.

During 1984-94, while continuing to import technologies, Japanese R&D
advanced rapidly relative to the U.S. in many fields and came to equal or
surpass U.S. capabilities in some.

The Japanese now lead in R&D for many kinds of electronic devices, and in
important aspects of telecommunications.

U.S. still leads in R&D for computer science and biotechnology, but the Japanese
gained during 1984-94.

The Japanese place greater emphasis on materials R&D in most fields studied
and are gaining relative to the U.S.

In other fields results are mixed, but there were several (construction, nuclear
power, and mechatronics) where Japanese advances relative to the U.S. were
found.

In addition to factors like patient low-cost capital, vertical integration, and
protection of their domestic market, Japanese government technology policies,
including encouragement of heavy R&D investment, have contributed to this
advance.

Some of the world's best R&D was done for the Soviet military. At the moment,
the results are freely available, mostly in Russia and Ukraine.

Through this program and others, U.S. Government and industry have been
alerted to the threat to their high-technology leadership and have begun to
respond constructively.
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Table E-2
ITRI Foreign Technology Assessments, 1984-94
(Symbols are defined on p. xiv)

1. Electronic Devices (Japan)

YEAR CHAIR TOPIC RATE FOREIGN STRENGTH
85 Wieder Opto- & Micro-— Ct Basic Research Import.
Spicer Electronics Technology Transfer.
Applied Research.
86 Wooley Electronic Bt Most Areas of Component
Componentss* R&D.
87 Mendez Computer Bt Fast Gates and Memory for
Components* Supercomputers
88 Holton IC CAD Bt CAD Accelerators, For
IC CIM At CIM: Deployment,
Business Functions.
89 Miller Sensors Bt Vertical Integration.
Charge Coupled Devices
(CCD). Photon Sensors,
Materials.
89 Dresselhaus Superconductors B Materials R&D, Personnel.
Facilities, Low T
Application. Low T, Digital
Circuits.
90 Meindl Integrated Circuits* | At RAM, Gate Arrays, GaAs.
Packaging.
90 White Magnetic Storagex* Bt Scale of Magnetic R&D.
Perpendicular Recording.
Magneto Optical Research.
91 Clemens X-Ray Lithography Bt Synchrotron Sources. Basic
Hill and Applied Research.
92 Tannas Displays At Manufacturing. Product
Development. Some Basic
Research.
94 Wise MicroElectroMech B Non-Lithography Based
Sys (MEMS) Processes and Actuators.
94 Kelly Manufacturing & At Manuf. Equipment.

Packaging

Leadership, Workforce.
Continuous Improvement.
Waste Reduction




2. Telecommunications (Japan)

R.D. Shelton

YEAR | CHAIR TOPIC RATE | FOREIGN STRENGTHS IN
FIELD
84 Brandin Computer C Product Engineering of
Communications Hardware, Facsimile.
86 Turin Tele— Bt Components, Research in
communication Propagation, in Digitization,
Lightwaves.
91 Elkus Advanced At Analog TV R&D. HDTV
Television Deployment. Technology
Planning.
93 Pelton Satellite Bt Government Support.

Edelson Telecomm

Antennas, Power Systems.
Optical Links, SS Amps.
Advanced System Concepts.

3. Computer Science (Japan)

YEAR | CHAIR TOPIC RATE | FOREIGN STRENGTHS IN
FIELD
84 Brandin Computer C Few: Product Engineering
Science Only.
87 Denicoff Comp Sci Ct Logic Programming.
ICOT Supercomputers Including
Software. Tracking Foreign
Research.
90 Harrison Advanced ct Supercomputers,
Comp Sci Components. Multimedia.
Software Engineering.
92 Rich Machine B Commercialization.
Carbonell Translation Knowledge Bases. Research
Funding.
92 Wiederhold Database C Multimedia Databases.
Object-Oriented Databases.
93 Feigenbaum Knowledge- Bt Consumer Applications.

Based Systems

Applied Research in
Industry. ICOT Logic
Programming and Parallel
Symbolic Computing.
Electronic Dictionary
Project. Fuzzy Logic
Controls.

X1
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4. Materials Technologies (Japan)

Findings From 40 Assessments, 1984-94

YEAR | CHAIR TOPIC RATE | FOREIGN STRENGTHS IN
FIELD
86 Economy Materials/ Ct Technology Import to Export.
Chem Industry Automation Productivity
Gains.
88 Brinkman ERATO Ct Quality of Basic Research.
Materials Researchs* GaAs with Fewer Defects.
89 Maple Superconductor A Organic Superconductors.
Hulm Materials* High Field Materials.
Quinn
90 Olander Nuclear Materials* Bt Materials for LWRs. Structural
Alloys. Fabrication of
Components.
91 Diefendorf | Composite B Carbon Fiber Composites.
Materials High Performance Fibers.
Functional Gradient Materials.
Low Cost Fabrication.
91 Wright Construction At Scale of Materials R&D.
Watson Materials* Structural Steel.
Fisher
93 King Separations Ct Hydrometallurgy. Ultra Pure
Technology Water. Quality Control.
94 Wilkins Manufacturing of B Persistent Development.

Composites

Aerospace: Carbon Fiber. Co-
curing, Tooling. Civil Engr
Applications. Manufacturing
Personnel.

5. Biotechnology Fields (Japan)

YEAR | CHAIR TOPIC RATE | FOREIGN STRENGTHS IN FIELD
86 Oxender Biotechnology | C Few: Biochemical Processing. Long Term
Plan.

86 Ottenbrite | Biopolymerss Ct Immobilization of Enzymes. Bioreactors.

88 Oxender ERATO Ct Prostaglandin Applications. Oligomer
Biology* Basic Separation. Extreme Environment Micro—
Research organism Application.

92 Wang Bioprocessing | B Ind/Govt/Univ Cooperation. Microbiology

R&D. Biocatalysis. Technology
Management. Applied Research Training.
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6. Other Fields (Japan)

YEAR | CHAIR TOPIC RATE | FOREIGN STRENGTHS IN FIELD

85 Nevins Mechatronics | Bt Products. Advanced Development.

90 Merkle Space Ct Materials. Computational Fluid Dynamics.
Propulsion Components for Diagnostics.

90 Hansen Nuclear Bt Growing Industry for Energy and Fuel
Power Independence. Planning and Regulation.

Applied Reserch. Instrumentation and
Control. Low Cost Construction.

91 Whittaker | Space C Motion Control. Special Purpose Robots.
Robotics Terrestrial Robot Base.
91 Tucker Construction At R&D Funding. Tunneling, Deep Foundations.

Intelligent Buildings. Robots, Long Bridges.
Materials R&D, Steel. Use of CAD/CAM,

Damping.
93 Frazelle Materials B Automation for Productivity.
Ward Handling Several Types of Equipment.
7. Other Fields (Outside Japan)
YEAR | CHAIR TOPIC RATE | FOREIGN STRENGTHS IN FIELD
91 White Nuclear 1&C Deployment of Plants (Both).
Lanning (Europe) At Applied Research. Load Following.
Design Changes.
(USSR) CI Some Basic Research.
93 Uhrig Nuclear 1&C At Digital Instrumentation. Control Room
Carter (Canada) Design. Regulatory Acceptance. Al

Application.

93 Pelton Satellite Bt Government Support. Large Antennas
Edelson Telecomm#* (including Russia). Optical Links.
(Europe)
94 Tucker Construction* Bt Tunneling, Recycling/ Retrofit, Marine
(Europe) Construction. Real Time Monitoring.
Advanced Materials. Energy
Conservation.
94 Doane Flat Displays CI Photo—Aligned Polymers. Advanced
(ex-USSR) Materials. Research Personnel.
94 Seymour | Subsea Vehicles Bl USSR Military R&D Results. Test Facilities,
(ex-USSR) Engineers. Nuclear Power, Fuel Cells.

Manned Vehicles.
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8. Transportation Studies (Europe)

YEAR | EDITOR TOPIC FOREIGN STRENGTHS IN FIELD
94 Zegeer Bike/Ped Safety Traffic Calming Facilities. Pedestrian Road
Crossings. Bicycle Facilities.
94 Pisarski Transportation Funding Level. Continuous Small Surveys.
Surveys Registry—Based Surveys.
94 Muller Intermodal Freight | National and EC Planning. Short Haul
Intermodalism.
94 Bohman Construction Life Cycle Costs. Tech Trans. Preventative
Contracts Maintenance. Road Bed Base. Alternate Bids.
94 Kaufman Highway Automated Materials Testing. Highway
Computer Visualization Display. Pavement Management
Applications Expert System. Automatic Signs.

Symbols in Table E-2: "+" means that the study was a section in a cited report. In the "rate" column,
"A" means that the foreign technology was more advanced than in the U.S., "B" about even, and "C"
that they were behind. If "t" is appended, the foreign R&D establishment is rated as improving its
position relative to the U. S.; "4-" means the opposite.
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R.D. Shelton

BENCHMARK TECHNOLOGIES ABROAD:
FINDINGS FROM 40 ASSESSMENTS, 1984-94

L INTRODUCTION
A. Purpose

In 1984, Roland Schmitt in a Science magazine article attributed Japanese successes
in the high technology marketplace to smart industrial management instead of
government guidance and said, "The Japanese are aggressive in acquiring,
improving and implementing technology that they did not develop..." (Schmitt, 1984).
The same year Jay Keyworth, President Reagan's science advisor, even told a AAAS
conference that the Japanese had run out of U.S. inventions to exploit, and thus we
had nothing more to worry about (Holdridge, 1994). But about the same time, J. C.
Abegglen and A. Etori wrote in Scientific American that the Japanese recently had
increased their R&D investment to second only to the U.S. and clearly expected that
the fruits of this R&D would be new technologies that would redouble Japanese
competitiveness (Abegglen and Etori, 1984, p. J-7).

All too often though, R&D investments fail to produce technological results. If there
1s an overemphasis on basic science or if resources for applied research are
misdirected, there could be little fruit to pick. Like Schmitt, many in the U.S. have
denied that such Japanese government-led national projects are decisive. If the
Japanese were mere copiers of Western technologies, it was far from obvious that
this R&D investment would pay off. Indeed, some believe the Europeans wasted
billions during the last 10 years on govemment—led R&D initiatives in response to
Japanese market thrusts (OTA, 1991, p. 210).

How does one determine whether R&D investments are effective? It is clearly
insufficient to see if the overall industrial enterprise succeeds in the marketplace,
since the Japanese economic miracle was accomplished with mostly imported
technologies. Other factors like readily available capital for purchase of technology,
for manufacturing, and for marketing; good management and workers; and a
supportive government must have overcome a deficiency in domestic technology.

The most direct way to evaluate R&D is to ask researchers in the same field to
compare its results to their own. This paper summarizes 10 years of such
technology assessments conducted by the Japanese Technology Evaluation Center
(JTEC) and related centers. The 27 completed studies represent more than half of
the publicly available assessments of Japanese technology funded by the U.S.
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Government. The results form a unique database documenting the rapid advance
of Japanese technology from 1984 to the present.

In 1990 the scope of this program was expanded through establishment of the World
Technology Evaluation Center (WTEC), which focuses on Western Europe and the
former Soviet Union (FSU). The WTEC studies done so far complement similar JTEC
studies to provide a comparison of most of the world's major players. In 1993 the
Transportation Technology Evaluation Center (TTEC) was created to manage a
series of highway-related studies. The International Technology Research Institute
(ITRD at Loyola College manages all the centers. Individual studies are conducted
by panels staffed with some of the most prominent U.S. engineers and scientists in
the field. External funding comes from the National Science Foundation, the U.S.
Department of Transportation, and 11 other Federal agencies that have contributed
to individual studies.

This paper summarizes the most important findings of all of ITRI's panels. The focus
1s on the position of the foreign technology relative to that in the U.S. and, when
discussed in the reports, on the reasons for growing foreign strength. A series of
tables present an overall rating of the relative position of each foreign technology
and lists the strongest features of the technology abroad. Most of the studies have
been done in Japan, so that the conclusions will largely be limited to that country.

B. History

In the 1960s and 70s, the Japanese imported technologies and used their skills in
applied research and manufacturing to become world leaders in the international
marketplace. They targeted rapidly growing markets like consumer electronics
where investments in high—quality manufacturing plants could result in competitive
advantage. These technology transfer skills have been developed by the Japanese
over centuries. For example, during 1860-1905 this govemment—led process
developed Japan from an isolated feudal state into an industrial and military power
capable of colonizing its neighbors instead of being colonized by European
countries, and even of defeating the Russian Empire with the highest technologies
of the day.

Japan rebuilt rapidly after World War II by focusing on manufacture for export.
During the 1970s, many in the United States became concerned about increasing
trade deficits (Fig. la), but the U.S. lead in high-technology areas like computers
and semiconductors seemed secure. This complacency received a shock in the
early 1980s when the American balance of trade in high technology manufactures
was eclipsed by the Japanese as shown in Fig. Ib (NSB, 1993).

Experts on Japanese science also noticed that the Japanese were beginning to
strengthen their more-basic research capability (Oxender, 1986). Dr. Oxender
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pointed out that in December 1984, the Council for Science and Technology (chaired
by the Prime Minister) had published a 10-year plan, "Tackling Changing
Conditions; Comprehensive and Fundamental Policies for Long-Term Promotion of
Science and Technology," calling for more-basic research to develop Japan's own
technologies. The Council identified key research areas to enable ministries to
implement policies in accord with government's overall strategy. The report planned
an investment in R&D reaching 2.8% of gross national product (GNP) in fiscal year
1984 (Japanese Council for Science and Technology, 1984). (See Fig. lIc). This can
be compared to the 1% of GNP Japan spends on all aspects of national defense
(Japanese Self Defense Agency, 1990).

U.S. Trade Balance: $ Billion (Current)
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Figure la. U.S. Merchandise Trade Balance
(Source: U.S. Foreign Trade Highlights, 1982-92(DoC/ITA);
1993 from the press. China and NIEs for 1981-92 only.)
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Figure 1b. High Tech Trade Balances
(Source: NSF Science and Engineering Indicators, 1993)
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Figure lc." Non-Defense R&D Investment
(Source: NSF Science and Engineering Indicators, 1991)
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In 1984 the OECD calculated the annual growth rate in total R&D investment for
1970-79 for several countries: It was 6.4% in Japan and 1.7% in the U.S. (OECD,
1984). Later figures calculated by the NSF are 7.9% growth rate for Japan (1975-92)
and 1.2% for the U.S. during 1985-91 (NSF, 1993).

This increasing Japanese R&D effort was an ominous sign for U.S. competitiveness,
since it is difficult for U.S. firms to get access to Japanese research results ~
because of language difficulties, the vertical integration of Japanese firms, and the
relative lack of American skills in international technology transfer.

European responses to this Japanese challenge resulted in government—targeted
R&D in high technology products there. The collapse of communism made it
possible to find the fruits of 40 years of the best Soviet research in the military and
space sectors by sending delegations there.

These challenges and opportunities for American leadership of science and
technology deserved careful attention. Assessment of foreign R&D could provide
a leading indicator of market direction, guide funding of research, and alert
Americans to opportunities for technology transfer and research collaboration. Only
the largest corporations could afford private assessment of foreign research. Others
could do little more than scan English language abstracts, which lag the research
by years. Thus there was a need for an organized effort to extract, analyze, and
disseminate assessments for the benefit of American science and industry.

Universities can easily acquire such information because of the tradition of sharing
of research results with colleagues. Many foreign technology assessment programs
are conducted by a non-specialist staff evaluating input resources to the research
process. Since such investments are not always productive, the I'TRI approach has
been to recruit experts from the subject discipline to assess the outputbenefits from
that investment.

The results of each assessment have been presented in a workshop and a report
available from the National Technical Information Service (NTIS) ~ a list is on the
inside back cover. Workshop presentations and drafts have been used here to
extract results from additional studies in progress. The first four JTECH reports were
reproduced in a book by Noyes Data Corporation (Albus, 1986). The JTEC/WTEC
Program Summary (ITRI, 1992) includes executive summaries of many of the studies.
Gaining Ground: Japan's Strides in Science and Technology (Gamota and Frieman,
1988) summarized the first six Japanese studies. Trends from three computer
science studies were presented at the ACM Computer Science Conference (Shelton,
1989). Paul Herer has compared Japan's progress and policies to those of Korea,
Taiwan, and the European Community (Herer, 1989). Cecil Uyehara summarized the
results of early Japanese studies and called for analysis of the results to determine
appropriate U.S. policy responses (Uyehara, 1991). At a National Academy of
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Sciences workshop, George Gamota drew some general conclusions from the
studies and compared their scope to the Department of Defense Critical
Technologies list (Gamota, 1992). Individual studies are usually the subject of
national press accounts, usually based on the workshop. Panelists usually present
their findings at professional conferences, but no attempt has been made to cite
these.

The General Accounting Office recently reviewed Federal efforts to monitor Japanese
technology and their Japanese counterparts. The GAQO report mostly covers
Executive Branch in—house efforts, but two Federally—funded private organizations are
included: JTEC and SEMATECH (GAO, 1993).

C. Outline of Paper

This paper summarizes the most important findings of the I'TRI studies in a series of
tables. To try to uncover trends, the Japanese studies are divided into six groups
of similar technologies. A brief summary of the fewer European studies is presented
next, including the initial transportation studies.

While the ITRI reports contain a wealth of details, this concise summary can only
mention the most important benchmarks found by each panel — the strongest
features of that technology abroad and a rough overall rating of the status and trends
of the technology studied. Even so, it is possible to detect an overall trend ~
Japanese researchers are gaining in the technology race in many fields.

The overall ratings were made by the author based on each expert panel's
workshop and report. Sometimes panels have been willing to make such aggregate
judgements themselves; those are used where available. The symbols used in the
tables need some explanation. In the "rate" column, the symbol "A" means that the
foreign technology was more advanced than in the U.S., "B" about even, and "C" that
they were behind. If an upward arrow symbol (t) is appended, it means that the
foreign R&D establishment is rated as improving its position relative to the U. S.; "I"
means the opposite. Ifneither is appended, the two R&D establishments are viewed
as maintaining their relative position.

Such overall ratings are obviously questionable, but similar ones, sometimes based
on less extensive evidence, have been published by the Commerce Department
(1990), by the Japanese Ministry of International Trade and Industry (MITI, 1988),
and others. For comparison, some of those results are tabulated in the Appendix.
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Table 1
Electronic Devices Qapan)
YEAR | CHAIR TOPIC RATE FOREIGN STRENGTH
85 Wieder Opto—- & Micro-— Ct Basic Research Import. Technology
Spicer Electronics Transfer. Applied Research.
86 Wooley Electronic Bt Most Areas of Component R&D.
Components*
87 Mendez Computer Bt Fast Gates and Memory for
Components* Supercomputers
388 Holton IC CAD Bt CAD Accelerators, For CIM:
IC CIM At Deployment, Business Functions.
89 Miller Sensors Bt Vertical Integration. Charge
Coupled Devices (CCD). Photon
Sensors, Materials.
89 Dresselhaus Superconductors B Materials R&D, Personnel.
Facilities, Low T. Application. Low
T, Digital Circuits.
90 Meindl Integrated Circuits* | At RAM, Gate Arrays, GaAs.
Packaging.
90 White Magnetic Storagex* Bt Scale of Magnetic R&D.
Perpendicular Recording. Magneto
Optical Research.
91 Clemens X-Ray Lithography Bt Synchrotron Sources. Basic and
Hill Applied Research.
92 Tannas Displays At Manufacturing. Product
Development. Some Basic
Research.
94 Wise MicroElectroMech B Non-Lithography Based Processes
Sys (MEMS) and Actuators.
94 Kelly Manufacturing & At Manuf. Equipment. Leadership,
Packaging Workforce. Continuous
Improvement. Waste Reduction

"+" denotes a chapter of a larger report. "A" means that the Japanese technology was more advanced
than in the U.S., "B" about even, and "C" that they were behind. An appended "t" means that the
Japanese R&D establishment is improving its position relative to the U. S. —— there were no ratings of
the opposite "I."
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H. ASSESSMENTS OF JAPANESE R&D

The Japanese studies cover a wide variety of technologies. To permit some analysis
of trends, they have been grouped into Tables 1-6: electronic devices, computer
sclence, telecommunications, materials, biotechnology, and other technologies. In
several cases (marked with an asterisk), individual chapters in reports have been
summarized separately, where they supply additional data points. For example, the
device studies of Meindl and White are cited separately in Table 1; they were
chapters in Harrison's report on advanced computing in Table 2.

The tables show some of the strongest features of the technology identified in the
reports. Most of the reports also contain overall statements of relative position and
the sources of foreign strength, and excerpts from these have been quoted here.
While the findings vary widely by technology, there are some cross—cutting
conclusions presented in Table 7.

A. Electronic Devices

Table 1 presents the most significant findings of the panels that studied electronic
devices. Even the first entry in Table 1, the opto— and micro—electronics study
conducted by Harry Wieder (UCSD), William Spicer (Stanford), and a panel of seven
other experts, revealed the growing strength of Japanese R&D (Wieder and Spicer,
1984). The panel agreed with Schmitt (1984) and many others by concluding that
the Japanese were "aggressive in acquiring, improving, and implementing these
technologies, whose conceptual aspects were developed in the U. S.," but they found
them to developing considerable domestic skills in R&D. They said, "There is a
substantial base of original work underway in Japan which is likely to increase with
time." The panel also pinpointed some reasons for growing Japanese strength:

The Japanese government, which plays an important role in promoting its
industries through such means as protectionist trade policies, does not
dictate selection and development of specific technological options [Schmitt,
1984]. Industrial organizations in Japan have made long term commitments
to these technologies...Of particular significance are the collaborative
interactions between Industrial organizations, and between these
organizations and the Japanese government.

In summary, while the U.S. scientific and technological efforts concerned
with future generation solid state electronics represent a slim lead, the
Japanese are making a determined effort to maintain their adaptive product-
oriented R&D while at the same time encouraging original creative
fundamental and applied research on all aspects of solid state electronics
and electro—optics (Weider and Spicer, 1985; Bell, 1985).
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A chapter by W. T. Tsang of Bell Labs contains a detailed analysis of publications
in the optical components area to demonstrate the growing strength of Japanese
device research. Fig. 2a shows the total papers in semiconductor lasers published
by the U.S., Japan, and the U.K. —— the leading European country. Dr. Tsang explains
this Japanese success as follows, "The driving—force for the Japanese optoelectonic
R&D is domestic market sales with high hopes for a world market with strong,

coordinated, and systematic support from the government" (Weider and Spicer,
1985).
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The electronic components assessment by Bruce Wooley of Stanford University was
a chapter in the telecommunications report (Turin, 1986), but also covers computer
devices. Wooley made a careful analysis of growing Japanese strength, also
documenting the sharply increasing proportion of Japanese papers in semiconductor
devices at a key conference. He describes why the IEEE International Solid-State
Circuits Conference (ISSCC) is the premier worldwide forum for advances in
integrated circuits, and how its paper selection process ensures presentation of only
the leading edge ofresearch. The results in Fig. 2b demonstrate a startling advance
of Japanese technology in only a decade. In general, his conclusions were,

In virtually all of the component technologies expected to underpin the
infrastructure of the information society, Japan has established R&D
programs that are comparable to, or surpass, corresponding efforts in the
U.S. Moreover, Japanese industry has for some time proved especially
adept at translating research results Into commercially successful
products...it seems likely that this situation will translate into future
commercial dominance. In that case, world economic leadership in the
'information age' will belong to Japan. From a technical viewpoint, it will be
a position that has been wholly earned" (Turin, 1986).

Wooley believed that Japanese success was due to a number of factors, and singled
out one for discussion: the way research is defined, supported, and managed. He
believed that the Japanese were able to pursue long—term engineering research
programs in industry with indirect government subsidies without requiring assurance
of commercial viability.

Raul Mendez (Institute for Supercomputing Research), who organized JTEC's first
tour of Japanese research labs, presented an analysis of Japanese computer
components at the Denicoff panel workshop in February 1987. However, the details
are not in the report. He showed performance specifications for the basic gates and
memory arrays that determine the maximum clock speed permitted. The results
demonstrated that the Japanese supercomputer makers, with their internal
semiconductor manufacturing capability, had an advantage in components over Cray
Research in the U.S.

In 1988 Bill Holton (SRC) and his panel toured Japan to analyze computer—aided
design (CAD) and computer-integrated manufacturing (CIM) in the semiconductor
industry. They were surprised to find that the Japanese were more open to sharing
results than Americans. The group concluded,

While the U.S. still holds a lead in the generation of new CAD concepts and
tools, the Japanese have rapidly applied these concepts in their own internal
developments providing them with equal capability in most areas of
application. On the other hand, the U.S. neglected the development of
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effective CIM systems while the Japanese pragmatically developed and
implemented very effective CIM in their large volume DRAM IC
manufacturing factories, providing them with a definite lead (Holton, 1988).

In 1989 the sensors panel led by Laurie Miller (Bell Labs) prepared for its study by
surveying about 1000 U.S. sensor manufacturers and found that most did not view
the Japanese as a competitive threat. However, the study concluded,

Overall Japanese sensor work is advancing steadily over a broad front
based on the demands of an increasingly sophisticated consumer and
manufacturing market... The range of types and performance of the majority
of commercially available sensors are currently largely comparable in the
U.S. and Japan (Miller, 1989)

The panel thought that some of the reasons for increasing Japanese success in
sensor development were the vertical integration of Japanese companies and the
intense domestic competition (Miller, 1989).

In 1989 Millie Dresselhaus of MIT led a panel that studied high temperature
superconductivity from materials to devices (Pool, 1989). Alan Bromley, President
Bush's science advisor, received a private briefing on the results. Among the panel
conclusions are,

Japan and the U.S. are both strong in superconductivity R&D...Because of the
greater emphasis of the Japanese on sustained, systematic materials
research, they are offering us strong competition in research and are
developing the potential to pull ahead on commercial applications.

One reason for Japanese advances was,

Our JTEC panel was much impressed by the important role that the
Japanese government played in setting the overall policy and priorities and
for guiding and monitoring the implementation the R&D program
(Dresselhaus, 1989).

The device chapters of Jim Meindl and Robert White are in the advanced computing
report (Harrison, 1990). Dr. Meindl, who was provost at Rensselaer and is now at
Georgia Tech, assessed the state of Japanese integrated circuits as,

The U.S. was the undisputed world leader in semiconductor microchip R&D
until 1980. Since that time Japan has surpassed the U.S. in most
subcategories of semiconductor R&D and the gap between U.S. and
Japanese capabilities and expenditures is widening (Harrison, 1990).
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In a November 20, 1990 seminar presentation of these findings, "Competing with the
Japanese Semiconductor Industry," at Loyola College, Dr. Meind] attributed growing
Japanese strength to effective industrial policy.

Dr. White is a former VP for technology at Control Data, and was appointed Under
Secretary for Technology at Commerce while working on this report. He said in his
chapter,

I feel that the U.S. recording industry will find it difficult to compete in the
next one, and certainly two, generations of products. Unless U.S. companies
take a longer term view [investment in R&D], and improve their utilization
of the university research community, I predict that the Japanese will
eventually dominate data storage devices (Harrison, 1990).

White cited the vertical integration of Japanese companies (including the mass
consumer market, which finances substantial R&D efforts) as giving them an edge.
The National Science Foundation has recently established an Engineering Research
Center at Carnegie Mellon University to encourage the kind of university—industry
cooperation that Dr. White recommended.

The study of X-ray lithography for semiconductor manufacturing led by Jim Clemens
of Bell Labs and Bob Hill of IBM found,

With respect to fundamental understanding of the science of X-ray
lithography, the Japanese and the U.S. technical communities are essentially
on a par. However, the trend is for the Japanese to pull ahead of the U.S.
due to a higher level of funding and staffing, particularly at the company
level. This conclusion is consistent with the trend across all parts of the
micro—electronics industry.

They found that most of this funding comes from industry, but the Japanese
government provided seed money for major R&D efforts (Clemens and Hill, 1991)
(Robertson, 1991).

In 1992 Larry Tannas (then president of the Society for Information Displays) led a
delegation to study Japanese flat panel display technologies (Lachica, 1991). They
found that the Japanese are competitive in basic research and gaining ground,
leading in product development and expanding their lead, and dominating in
investment and implementation in manufacturing. Tannas ascribed the multi—billion
dollar investments being made in display manufacturing there to the Japanese belief
that these new display technologies are critical to making their products highly
competitive in the world market (Tannas and Glenn, 1992). The panel agreed early
to the factors that made this leading position possible: "technical achievements and
broad industry base in R&D and manufacturing. This has been achieved almost
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entirely within Japan, where there are industrial participation, government guidance,
end-use markets, and a complete infrastructure."

A panel led by Ken Wise from the University of Michigan recently studied micro-
electro-mechanical systems (MEMS). At their workshop in November 1993, the main
conclusions were that the U.S. and Japan photolithographic-based approaches to
microsensors and other MEMS applications were comparable. The U.S. had a lead
in other lithography-based systems, but Japan was leading in the non-lithography
based approaches to somewhat larger scale micromachines, particularly in the large
MITI-sponsored international program (Santo, 1993).

Mike Kelly (Georgia Tech) and his panel recently reviewed electronic packaging
and manufacturing in the mass consumer markets. The report is not yet available,
but some conclusions were presented at their workshop on January 12 (Kelly, 1994).

One of the panelists, Gene Meieran of Intel, compared Japanese and American
strengths in research. According to his analysis, the Americans are best at university
research programs, information technology research, generic company research, and
the roles of entrepreneurs and risk takers. The Japanese are best at active
involvement in research, manufacturing research, coherent company policies, and
coherent government policies.

Some of the panel's conclusions were: (1) Investment in manufacturing equipment
is key to advanced manufacturing. (2) Automation achieves precision assembly,
manpower reduction, quality, and agility. (3) Investments are dictated byproduct—-pull
(opportunities for its improvement). (4) Achieving customer satisfaction drives
innovative product design including cost, size and weight reduction. (5) Continuous
improvement by pushing existing technology to its limits is actually preferred over
abrupt changes to new technologies. They define product requirements, then use
concurrent engineering to develop technology and manufacturing processes. (6)
Technology transfer is done through people. (7) Their recession causes cost
pressures. (8) The Japanese cut costs with off-shore plants, but worry about
hollowing, since they have a skilled and dedicated domestic workforce. (9)
Management is leading them through difficult times as competently as in good times.

In his presentation Kelly had some quotations from authorities U.S. engineers do not
often consider. "The expediency of encouraging manufacturers in the United States,
which was not long since deemed very questionable, appears at this time to be
pretty generally admitted." (Alexander Hamilton in 1791.) '"Where there is no vision,
the people perish." (Proverbs 19:28). And relevant to the currentJapanese recession,
"Good times are good, but bad times are better." (Konosuke Matsushita, founder of
Matsushita Electric). The overall conclusions were:
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Today Japan is vulnerable and unpredictable, but it continues to be the
world's benchmark for innovative consumer electronics, excellence in
manufacturing, and quality of workforce. Tomorrow Japan will continue as
the leader in high volume, low cost electronic assembly, but there are
opportunities for new product leadership. The issue that separates U.S. from
Japanese manufacturing in the electronic assembly and packaging arena is
the will not the means. If you don't play, you can't win (Kelly, 1994).

B. Computer Science

There have been many studies of electronic systems built from the devices of Table
1. The six studies dealing with some aspect of computer science are summarized
in Table 2. The first study led by David Brandin (SRI) assessed Japanese computer
science topics of software, artificial intelligence and man-machine interface,
computer architecture, and communications. This panel's overall assessment is that
Japan is

far behind and slipping in basic research, behind and holding that position
in advanced development, and comparable with the U.S. in product
engineering and beginning to pull away (Brandin, 1984).

Individual areas show strengths such as product engineering of applications code
and of processor and communications hardware. The communications topics will
be discussed in connection with Table 4.

The report contains a section on differences between the American and Japanese
environments for R&D. For example the relative strength of Japanese product
development was attributed to the focus of Japanese government funding of that
phase of technology development, while the U.S. Government emphasizes basic
research in the non-military sector. (Direct government funding of research in Japan
1s small compared to that supported by industry; but MITI administrative guidance
on research targeting probably has a strong influence on this industrial funding.)
Brandin and Michael Harrison extended this analysis and earlier work on a similar
National Academy of Sciences study in The Technology War (Brandin and Harrison,
1987).

The 1987 advanced computing study focused on advanced symbolic computing
approaches at the Institute for New Generation Computer Technology (ICOT ~ the
"Fifth Generation" Project) and on numerical supercomputing (Denicoff, 1987). On
ICOT the panel was somewhat divided, but agreed that the effort to date had
produced no fundamental advances. But, it had contributed to "establishing Japan
as a full partner in the international community of computer scientists." That is,
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In any case the Fifth Generation effort will have provided the Japanese with
a set of skills and a knowledge that will, along with their traditional prowess
at operating at the advanced development spectrum of the R&D cycle,
exploit product—oriented breakthroughs whichever the country of first
invention.

Showing the improvement of software skills, the panel found, "The Japanese are
performing at the level of, or ahead of, the U.S. in the theory and practice of logic
programming." On numerical advanced computing the panel observed,

The Japanese work in conventional architectures, notably supercomputers,
continues to be world class. Equally impressive was the software
development in support of its supercomputers.

The Japanese were behind the U.S. in the design of parallel machines, but were
following U.S. research, and "This knowledge, added to Japan's long—demonstrated
capacity for supremacy in physical device/component technology, sends a message
that complacency about American leadership in this area is a dangerous attitude."

The reasons for these advances were identified by the panel: the ICOT project was
organized by MITI, and

If there is a Japanese sociological or psychological trait underscoring the
acknowledged commercial success in Japanese computing, it IS an
openness about learning from others, along with a commitment to achieving
an awareness of research literature from the rest of the world, a
determination to blend this borrowed knowledge with natural Japanese
ingenuity, and the will to become the world's best at producing useful
products (Denicoff, 1987).

The advanced computing report (Harrison, 1990) considered the topics of computer
architecture and components, software, scientific computation and supercomputers,
computer/human interface, and multimedia. In addition to the electronic device
advances discussed above in connection with Table 1, the panel also found
particular strengths in software engineering, multimedia, and supercomputers. Their
report concluded,

While our summaries show that Japan is ahead in some areas of advanced
computing, these results do not yet show the effect of additional recent
research and development as well as capital expenditures.

Prof. Harrison argued that progress in Japanese computer science was the result of
a grand strategy based on goals set decades earlier, and
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to implement these goals, Japan has had a variety of national programs over

an extended period of time.

Industrial strategies have been coordinated,

and even as this report was being prepared, MITI has introduced yet
another multi-year plan devoted to achieving excellence in information
technology (Harrison, 1990)

Table 2
Computer Science Qapan)
YEAR CHAIR TOPIC RATE FOREIGN STRENGTHS IN FIELD
84 Brandin Computer Science C Few: Product Engineering Only.
7 Denicoff Comp Sci Ct Logic Programming. Supercomputers
ICOT incl Software. Tracking Foreign
Research.
90 Harrison Advanced Comp Sci ct Supercomputers, Components.
Multimedia. Software Engineering.
92 Rich Machine Translation B Commercialization. Knowledge
Carbonell Bases. Research Funding.
92 Wiederhold Database C Multimedia Databases. Object—
Oriented Databases.
93 Feigenbaum Knowledge-Based Bt Consumer Applications. Applied
Systems Research in Industry. ICOT Logic
Programming and Parallel Symbolic
Computing. Electronic Dictionary
Project. Fuzzy Logic Controls.
Table 3
Telecommunications Qapan)
YEAR | CHAIR TOPIC RATE | FOREIGN STRENGTHS IN FIELD
84 Brandin Computer C Product Engineering of Hardware, Facsimile.
Communication*
86 Turin Tele- Bt Components, Research in Propagation, in
communication Digitization, Lightwaves.
91 Elkus Advanced At Analog TV R&D. HDTV Deployment.
Television Technology Planning.
93 Pelton Satellite Bt Government Support. Antennas, Power
Edelson Telecomm#* Systems. Optical Links, SS Amps. Advanced

System Concepts.
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Usually the technologies selected for a study are those where there are growing
sources of strength abroad. Sometimes, however, the objective has been to seek
data to guide international cooperation. This was the case in the machine translation
study (Rich, 1992) and the database study (Wiederhold, 1992). A bilateral science
agreement was signed by President Reagan and Prime Minister Takeshita in 1988,
and JTEC was asked to identify areas for cooperation. Thus it was not expected that
the Japanese were dominating these fields. The studies did identify Japanese
multimedia databases and commercial deployment of machine translation for
translation of product manuals for export as being particularly strong. The 1993
Feigenbaum report on knowledge—based systems found more areas of strength. The
report said,

The technology of expert systems has now been mastered by the Japanese.
Since the early 1980s, when they first entered this field, they have
completely caught up with the U.S.

The panel's assessment of ICOT (at its completion) was, "ICOT made substantial
contributions to parallel symbolic computing, logic programming research, and
training Japanese computer scientists." Regarding the electronic dictionary project
spun off from ICOT, "The scale of EDR accomplishments is very impressive and
should be taken as a model for similar research programs elsewhere." However, the
panel believed that neither ICOT nor EDR made real fundamental advances. For
research itself the panel found that "the quality of research at a few top-level
universities in Japan 1s in the same range as at top-level U.S. universities and
research institutes...[even though]...the quantity of research (in terms of number of
projects and/or number of publications) is considerably smaller (by nearly an order
of magnitude) compared to the U.S." (Engelmore, 1993; Feigenbaum, 1994).

C. Telecommunications

Table 3 presents the key results of the panels that studied some aspect of
telecommunications. The 1984 report on computer science contained a chapter on
telecommunications. The overall ratings in the chapter were (1) The Japanese were
far behind and losing ground in basic research in both hardware and software for
computer communications. (2) They were stronger in applied research, where they
were holding their relative positions of slightly behind in software and even in
hardware. (3) In product engineering Japanese software was far behind and slipping
further, but Japanese hardware was actually ahead of that in the U.S. and gaining
ground. This last assessment of growing strength was because every organization
studied had extensive research efforts in communications hardware (Brandin, 1984).

The telecommunications panel chaired by George Turin (UCLA Dean of
Engineering) analyzed Japanese R&D from the component to large scale network
levels (Turin, 1986; IEEE Spectrum Staff, 1986). As discussed in connection with
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Table 1, at the semiconductor and opto—electronic components level, the panel
found,

Japan's R&D efforts, ranging from basic research on materials and
fabrication technology to product development, to be among the best in the
world...Japan is verging on international market dominance at the
components level.

At the next level - the subsystems from which telecommunications networks
are built ~ the quality of Japanese R&D was mixed (Turin, 1986).

The panel found R&D to be best at the product development end of the spectrum
and weaker at the basic research end; but research in such areas as radio
propagation for mobile radio systems, digitization of radio systems, and lightwave
transmission systems was excellent. The general conclusion was,

Our fundamental prediction is grim: the balance of trade with Japan in
telecommunications will likely continue to increase in Japan's favor.

We expect that national R&D efforts — especially the INS experiment and
government—-sponsored software—oriented programs ~ will further enhance
Japanese competitiveness at the systems level...Finally we feel that [despite
privatization] NTT's central role in the industry, including its very close R&D
and procurement relationships with Japanese manufacturers and its ability
to subsidize export-oriented R&D from domestic carriage revenues, will
continue to be an important deterrent to foreign entrants and an important
aid to export manufacturers (Turin, 1986).

Unfortunately, the panel's prediction was fulfilled. Bilateral trade in
telecommunications equipment with Japan crossed from a small surplus in the early
1980s to a deficit of over $3.7 billion by 1991 (Tyson, 1992).

The 1991 JTEC study of HDTV was commissioned by Craig Fields (then Director of
DARPA) as a part of his efforts to resurrect the American consumer electronics
industry. While the study was in progress, he was fired by the Bush Administration
as an industrial policy heretic, going to MCC as president.

The technical findings of the HDTV panel were almost as controversial, since
panelist Bill Schreiber felt that the report underestimated the potential of American
advanced TV systems. At the time of the study, Japan was already deploying an
analog high definition television system called Hi—Vision, which used direct—broadcast
satellites with a so—called MUSE video—compression scheme for delivery of program
material. Even with technically superior TV systems in American and European labs,
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most panelists believed that, with operational technology, the Japanese were years
ahead.

The HDTV panel chair, Dick Elkus, was VCR product manager at Ampex when this
strategic technology was transferred to Japan, and was outspoken about the need
for the U.S. to compete aggressively with the Japanese. His summary chapter
reviews the loss of the VCR, and goes on to present a tutorial on Japanese grand
strategy in the information industries. This was largely based on Elkus' interviews
with senior executives of the Japanese electronic companies, and on his experience
in competing with them as an executive of American electronics companies. He
concludes: (1) The development of high definition systems is essentially evolutionary,
which means that they can be deployed with less risk. (2) Japanese efforts to
develop high definition systems are a part of a fundamental economic strategy
directed toward integration of products and markets in electronics, computers,
media and telecommunications. (3) To support this strategy, the leadership of Japan
believes that coordinated effort among all sectors of society is essential. Thus MITI
ensures that all key sectors communicate, and where required, it coordinates their
efforts. (4) Japanese political and business leaders feel that any loss in the
infrastructure of strategic end-use products (those whose functions complement one
another) and markets threatens their position of economic leadership.

In his HDTV chapter Schreiber went further and forecasted that Japanese
development of this next generation of television could be a replay of the loss of the
American consumer electronics industry, which he attributed to Japanese dumping
as well as Japanese attention to quality (Elkus, 1991).

Since the report was compiled, there have been dramatic changes in the HDTV field.
As Schreiber's findings suggested, U.S. and European companies have proposed all-
digital advanced-television systems that have the potential to leap over the analog
Japanese system in performance. Partly because of this, the size of the Japanese
domestic market for Hi—Vision has been only some 20,000 sets, far smaller than
anticipated. Thus, home receivers remain too expensive to create a mass market ~
and permit an export drive. The Japanese still have the advantage of years of
experience with an operational system, and their representatives stated to the panel
that they could profitably manufacture any system, once the Americans and
Europeans establish standards for their domestic markets. A recent article in the
Asian Wall Street Journal, "HDTV: The test of Japan's new leading role in
telecommunications," predicted this technology will be the test of Japan's
determination to move into the lead in innovation (Shelton, 1992).

As this paper was being completed, the Ministry of Posts and Telecommunications
announced that Japan would switch to the American digital standard, reverting to
their technology—follower strategy, obviously to enhance manufacturing of products
for export. This announcement ran into a "firestorm of protest" from the Japanese
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manufacturers who had invested billions in Hi—Vision. Tadahiro Sekimoto, president
of NEC, said, "This is an original Japanese technology we are proud of," and went
on to explain "that high definition television was one of the few areas in which Japan
pioneered rather than followed another nation's lead" (Pollack, 1994). Faced with
strong opposition of top executives from 11 of the large electronic firms, MPT
backed down the next day, and said it would continue to support Hi—Vision. Stay
tuned.

The 1993 satellite telecommunications study included trips to several countries in
Western Europe, Japan, and a few sites in Russia. The panel was chaired by Joe
Pelton (Colorado) and Burt Edelson, formerly NASA Associate Administrator and
Director of COMSAT labs. The Japanese conclusions are summarized in Table 3,
but the quotes below cover both Europe and Japan. The panel found,

The U.S. is currently behind or even with its international competitors in
most of the key technologies. Furthermore, due to R&D projects now
underway abroad, the U.S. is likely to fall behind Japan, and to a lesser
extent Europe, in most of these technologies in the next five to fifteen
years...Currently, the U.S. industry retains a leading position in the
marketplace ~ a position largely founded on technologies and capabilities
developed in the 1960s and 1970s. However, the U.S. is losing ground with
respect to a wide range of technologies and systems that will be key to
future communications markets.

These developments have come about largely because Europe and Japan
view satellite communications as critical to their future economic growth,
and have acted accordingly. European and Japanese government policies
are designed to nurture their satellite communications industries both
directly and indirectly. The absence of comparable policies in the U.S. in
recent years is one factor contributing to our declining competitive position
(Edelson and Pelton, 1993).

This study has received much attention in the press (Broad, 1993 ~ and many others)
and at conferences including that of the AAAS in San Francisco in February 1994.
Some differ with the findings since the U.S. now dominates the satellite market, and
many in the U.S. believe that they still have the world's best technologies. Also, the
U.S. Government has a policy of support of satellite technologies via huge military
programs outside the scope of the study.
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D. Materials Technologies

Table 4 summarizes the three studies of advanced materials, with additional entries
from the materials chapters in the ERATO, superconductivity, and construction
reports. The study chaired by James Economy of IBM focused on polymer materials
made in the large chemical industries (Economy, 1986). They concluded that before
1970, the major chemical companies of Japan licensed or set up joint ventures to
manufacture practically all of the commercially available polymers. But after 1970,
there was an increasing flow of upgraded technology back to the U.S. Also, MITI
and the Japanese chemical industry developed a national strategy with funding for
10 years that was designed to make Japan the world leader in advanced materials
by the 1990s.

Table 4
Materials Technologies Qapan)

YEAR | CHAIR TOPIC RATE | FOREIGN STRENGTHS IN FIELD
86 Economy Materials/ Ct Technology Import to Export. Automation
Chem Industry Productivity Gains.
88 Brinkman ERATO Ct Quality of Basic Research. GaAs with Fewer
Materials Research* Defects.
89 Maple Superconductor A Organic Superconductors. High Field
Hulm Materials* Materials.
Quinn
90 Olander Nuclear Materials* Bt Materials for LWRs. Structural Alloys.
Fabrication of Components.
91 Diefendorf Composite B Carbon Fiber Composites. High Performance
Materials Fibers. Functional Gradient Materials. Low

Cost Fabrication.

91 Wright Construction At Scale of Materials R&D. Structural Steel.
Watson Materials*
Fisher
93 King Separations Ct Hydrometallurgy. Ultra Pure Water. Quality
Technology Control.
94 Wilkins Manufacturing of B Persistent Development. Aerospace: Carbon
Composites Fiber. Co—curing, Tooling. Civil Engineering

Applications. Manufacturing Personnel.
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The panel also found that Japan's chemical industry had advantages over its U.S.
counterpart in competing in the advanced materials market: (1) Automation in the
Japanese chemical industry had increased the revenue per employee to $500,000,
compared with $125,000 in the typical U.S. company. (2) Over the past five years,
Japanese chemical companies had greatly increased their R&D (with modest
government support), more than matching the 50-percent increase in R&D by U.S.
companies over the past decade.

In 1988 the ERATO basic research initiative focused on biotechnology and materials
for electronics (Brinkman and Oxender, 1988). Bill Brinkman of Bell Labs led the
electronic materials analysis. As quoted in the JTEC/WTEC Program Summary (ITR],
1992), the panel considered,

ERATO to be an innovative program designed to address both scientific and
sociological issues in Japan. It was intended to enhance basic research
aimed at finding new technological advances. Equally important, it
addressed the gap in Japan between basic research in the universities and
applied research in industry.

With about $30 million per year, ERATO was a small program; thus, its
projects could not be compared to the much more visible ones of the
Ministry of International Trade and Industry (MITI). As one example, MITI
funded a VLSI project for nearly $200 million over a 4-year period. This
project had a very specific purpose within industry. The magnitude of the
funding and the urgency of the issue (Japanese competitiveness in VLSI)
gave the project a different kind of focus than would be possible for
ERATO's small projects that were directed toward longer-range payoffs.

The overall scientific quality of the ERATO Program was high, but it varied
considerably from project to project (Brinkman and Oxender, 1988).

The 1989 superconductivity report includes two chapters on materials issues by
Maple and Quinn. Some of their findings from the executive summary were,

The Japanese identified superior materials as the key to success in high-T.
superconductivity research and technology, and they were translating this
philosophy into a sustained, systematic approach to materials synthesis and
processing, including new materials research..Most of the outstanding
achievements of the Japanese in the field of superconductivity were related
to this systematic approach, which was reinforced by a "top—down"
management structure and an appreciation of the people who did materials
synthesis, processing, and scale—up. The Japanese lead us in their ability to
mount sustained, systematic materials R&D programs, and they had a better
trained work force to implement such programs.
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The Japanese have demonstrated a strong industrial base for the large scale
application of low-T. superconductivity, through government leadership, and
collaborative work at national laboratories, electrical industries, and the wire
and cable companies (Dresselhaus, 1989).

The 1990 nuclear power study contained a chapter by Donald Olander on nuclear
materials. It concluded that Japanese materials research was originally based on
U.S. work, but now leads in two of the three areas where materials behavior is
critical to nuclear power. They are: (1) "reliable performance of in—-core and
balance-of-plant components during normal operations of LWRs [light water
reactors], and (2) development of improved materials for extended fuel bum-up."
The third area is prediction of fuel degradation during loss—-of-coolant accidents,
where the U.S. continues to lead. Some reasons cited for this advance were "a
refreshing willingness to fund multi-year research programs at an adequate level,"
and extensive participation in international materials development programs (Hansen,

1990).

The composite materials panel chaired by Judd Diefendorf surveyed the status of
Japanese high—performance ceramic and carbon fibers and their composites in metal,
intermetallic, ceramic, and carbon matrices. They found,

Because of a strong carbon and fiber industry, Japan is the leader in carbon
fiber technology. Japan has initiated an oxidation-resistant carbon/carbon
composite program. With its outstanding technical base in carbon
technology, Japan should be able to match present technology in the U.S.
and introduce lower—-cost manufacturing methods. There was a high level
of monolithic ceramic R&D activity. High-temperature monolithic
intermetallic research was just starting, but notable products in titanium
aluminides had already appeared. Matrixless ceramic composites was one
novel approach noted (Diefendorf, 1991).

According to the panel, the main reasons for these advances were,

A major factor in Japan's ambitious space program is new materials, one of
three areas selected by MITI for national development investment. The
Japanese believe that technological superiority in space structures and
launch systems could help them become dominant in the aerospace market.
The new MITI materials thrust initiated in 1989, High Performance Materials
for Severe Environments, was scheduled to continue for almost ten years,
longer than would be possible in the U.S. The Japanese support parallel
approaches to materials research and technology that often involve
overlapping activities among several groups, sharing information at the
precompetitive stage. By attempting to find an immediate application for
less—than-optimum materials, the Japanese gain the manufacturing
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experience to produce a lower—cost, more reliable product. For this reason,
they tend to place less emphasis on basic science and more on
manufacturing and large-scale pilot plants. Some previous MITI materials
programs have led to new consumer markets and substantial returns on
government investment (Diefendorf, 1991).

In the 1991 Tucker report on the construction industry there was a chapter by R. N.
Wright, G. H. Watson, and J. W. Fisher on construction materials. [t states,

Japan's government, manufacturing industry, and engineering—construction
industry laboratories are giving extensive, sustained, collaborative attention
to the improvement of construction materials...Thus, Japan generally leads
or matches the U.S. in implementation of state-of-the—art construction
materials technology, and has a growing leadership in research. Strong
research and implementation activities by the Japanese steel industry give
clear leadership in weldable and fire-resistant, high-strength structural
steels. A major cooperative government industry and university program for
high—-performance concrete research is likely to give Japan leadership in this
internationally significant area of construction technology (Tucker, 1991).

The 1993 study chaired by Judson King, provost of UC Berkeley, analyzed
separations technology including materials for separations. The panel found
particular strengths in Japan in the areas of ion—exchange membranes, separation
applications to ultrapure water for the nuclear and electronics industries, and
hydrometallurgical separations. The sources of the Japanese strengths were
attributed to quality control, support of industrial R&D, government/industry synergy,
and applied research. A number of cultural features driving Japanese priorities were
listed, including a strong desire for energy and raw material independence (King,
1993). There is also an interesting chapter on membrane separation by William
Koros in the first materials report (Economy, 1986).

The 1994 Wilkins (Delaware) report on manufacturing of polymer composite
structures has not yet been published, so these comments are based on the 1993
workshop and the draft of November 1993. The panel found that Japanese
companies use the same manufacturing technologies as the U.S., but practice them
with greater attention to detail and benefit from an excellent workforce.

Special strengths were found in co—curing and dry—fiber preforming manufacturing
methods. Carbon fiber materials for aerospace applications were deemed excellent,
and civil engineering applications were also identified as a Japanese strength. Some
reasons given for Japanese strengths were the long term strategic planning, the
keiretsu system, R&D consortia, and industry—government links.
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E. Biotechnology

Even the limited number of biotechnology studies are sufficient to show growing
Japanese strength. The 1986 Oxender study attempted to cover the whole field of
biotechnology. The 1986 Economy study on advanced materials contains a chapter
on biopolymers by Raphael Ottenbrite. The 1988 ERATO study was actually an
assessment of that basic research initiative, and Dr. Oxender led evaluation of
ERATO's projects in biotechnology. A 1992 study led by Daniel Wang of MIT
focused on bioprocess engineering — manufacturing processes for making products
using biotechnology approaches.

The first panel assessed Japanese R&D in five areas of biotechnology: biochemical
process technology, biosensors, cell culture technology, protein engineering, and
recombinant DNA technology. The assessments of R&D varied by field. The
Japanese were just getting started in this rapidly growing field. They were thought
to have the greatest advantage in biochemical processes like fermentation and
separation technology. In biosensors, the Japanese developments were considered
to have a high chance of commercial success in sensors that are compatible with
semiconductor fabrication methods (Oxender, 1986).

Table 8
Biotechnology Fields Qapan)

YEAR | CHAIR TOPIC RATE FOREIGN STRENGTHS IN FIELD
86 Oxender Biotechnology C Few: Biochemical Processing. Long
Term Plan.
86 Ottenbrite Biopolymers* Ct Immobilization of Enzymes. Bioreactors.
88 Oxender ERATO Biology* Ct Prostaglandin Applications. Oligomer
Basic Research Separation. Extreme Environment Micro—

organism Application.

92 Wang Bioprocessing B Ind/Govt/Univ Cooperation.
Microbiology R&D. Biocatalysis.
Technology Management. Applied
Research Training.
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Table 6
Other Fields Qapan)

YEAR | CHAIR TOPIC RATE | FOREIGN STRENGTHS IN FIELD
85 Nevins Mechatronics Bt Products. Advanced Development.
90 Merkle Space Propulsion Ct Materials. Computational Fluid Dynamics.

Components for Diagnostics.

90 Hansen Nuclear Power Bt Growing Industry for Energy and Fuel
Independence. Planning and Regulation.
Applied Reserch. Instrumentation and
Control. Low Cost construction.

91 Whittaker Space Robotics C Motion Control. Special Purpose Robots.
Terrestrial Robot Base.

91 Tucker Construction At R&D Funding. Tunneling, Deep
Foundations. Intelligent Buildings. Robots,
Long Bridges. Materials R&D, Steel. Use of
CAD/CAM, Damping.

93 Frazelle Materials Handling B Automation for Productivity.
Ward Several Types of Equipment.

As discussed earlier, Oxender cited the strategic plan of the highest levels of the
Japanese government, "Tackling Changing Conditions; Comprehensive and
Fundamental Policies for Long-Term Promotion of Science and Technology"
Qapanese Council on Science and Technology, 1984), which calls for increased
creativity and for Japan to become one of the top nations in basic research in
general.

In the area of life science, the Qapanese Government] report emphasized
the following areas of basic research: gene regulation, analysis and
synthesis of DNA, design and modification of proteins, chromosome
engineering, cell and organelle modification, and alteration of components
of cells and tissues. These areas include most of the fundamental
technologies that are generally associated with biotechnology (Oxender,
1986).

The panel felt that Japan's long-term technology-driven strategic planning was an
advantage, that Japan will rapidly become more competitive with the U.S. and
Europe because biotechnology commercialization is being done by large companies
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with substantial process experience, and that Japan's well-established coordination
of biotechnology by industry, universities, and government groups would help them
become a player in the world marketplace.

The biopolymers chapter by Ottenbrite (Economy, 1986) reviewed the Japanese
efforts to develop biocompatible materials: (1) for implant in humans, such as
artificial organs, skin, bone and teeth; (2) controlled release drugs for humans,
animals, and plants; (3) targeted delivery systems such as antibody-antigen
responses, and immobilization of enzymes for diagnostics and (4) bioreactors. He
rated about 10-25% of their technologies as equal or better than those in the U.S., but
the Japanese were gaining rapidly, even in basic research categories. Among other
advantages for their efforts, "Government support is playing a major role in their
recent advancement of biopolymer technology" (Economy, 1986).

Dale Oxender was also co-chair of the 1988 ERATO study. In general, the panel
considered ERATO to be an innovative government program designed to enhance
basic research, but one aimed at finding new technological advances. The ERATO
biotechnology projects in "bioholonics" (biological parallel processing),
bioinformation transfer, and "superbugs" (microorganisms that live in harsh
environments) had already made discoveries showing that this basic research was
being done successfully (Brinkman and Oxender, 1988).

The 1992 bioprocessing study was conducted by chairman Danny Wang of MIT and
11 additional panelists. They found,

Japanese industry is focused on molecular biology efforts to use prokaryotic
organisms for producing therapeutic proteins. Japanese industry has
targeted recombinant products that the U.S. has already developed. It is
evident that Japan plans to be a world player in the use of prokaryotes to
compete in the pharmaceutical market.

The Japanese biotechnology industry has targeted animal cell cultures as
vehicles for the production of therapeutic proteins. Due to their acquisition
of U.S. cell culture processes, the Japanese are also in an excellent position
to improve existing manufacturing methods. Japan's bioprocess engineering
efforts will be competitive with and could even surpass those of the U.S. in
the years to come.

Japan has traditionally dominated many areas of bioprocess engineering and
biotechnology; there is no sign that they have decreased their efforts in
these areas...The Japanese biotechnology sector is rapidly entering into
bioprocess manufacturing by using know—how either acquired or licensed
from the U.S. This will reduce process development time and costs
significantly, and speed Japan's market entry.
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Many Japanese government agencies support and perform basic and
applied research in bioprocess engineering and biotechnology. The
agencies help identify directions for Japan's biotechnology R&D.
Government support for R&D is often long-range, with a typical planning
horizon of ten years. The government has fostered development of an
international network in advancing Japan's biotechnology program (Wang,
1992)

F. Other Japanese Assessments

An assortment of other technologies has been studied. There are several single
studies of technologies in Table 6 that can provide a snapshot of R&D status and
trends in one year. The 1985 study chaired by Jim Nevins of the MIT Draper Lab
examined mechatronics, which is the term used by the Japanese for certain systems
using mechanical and electronic components. The panel divided the field into nine
areas: flexible manufacturing systems, vision systems, non-vision systems,
assembly/inspection systems, Intelligent mechanisms, software, standards,
manipulators, and precision mechanisms. The assessment,

showed Japanese basic research to be equal to that of the United States in
all areas except vision and software. Further, the Japanese research is
staying even with that of the United States...In basic research, the Japanese
were behind and falling further behind only in artificial intelligence (Al
software techniques...In advanced development and product implementation,
the Japanese are equal to or ahead of the United States, and the rate of
change is definitely in favor of Japan (Nevins, 1985).

The 1990 space propulsion panel chaired by Charles Merkle from Penn State found,

the Japanese have a carefully thought—-out plan, and a broadly based
program for propulsion activity. Their schedule is ambitious, but achievable.
At present, their overall propulsion program is behind that in the United
States, but they are catching up fast across the board. They were at the
forefront in such key areas as advanced materials; they enjoy a high level
of project continuity and funding. Japan's space program has generally
been evolutionary in nature, while the U.S. program has put greater
emphasis on revolutionary advances... This evolutionary approach, coupled
with an ability to take technology "off the shelf' from other countries, has
resulted in relatively low development costs, rapid progress, and enhanced
reliability...Clearly, Japan is positioned to be a world leader in the area of
space and transatmospheric propulsion technology by the year 2000
(Merkle, 1990).
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The 1993 telecommunications report also has a long section on propulsion by Chris
Mahle, which updates these findings. In the winter of 1993-94 the H-II vehicle was
successfully tested, which finally gives the Japanese a launch vehicle for the
commercial satellite business (or for defense) with totally domestic technologies.

The 1990 panel chaired by Kent Hansen of MIT examined nuclear power-related
R&D in: fuel cycle, materials, instrumentation and control technology, CAD/CAM,
safety research, and plant construction (Wald, 1990). As Dr. Hansen says,

The nuclear power program inJapan is one of the most successful programs
in the world. The Japanese have developed a sophisticated, high—quality
program for the design, construction, and operation of nuclear power plants.
Key elements that underlie this success include a long-term, consistent
national commitment to develop nuclear technology; large, continuous
investments in R&D, creation and support of academic programs to provide
an adequate supply of trained personnel; an aggressive program of
international cooperation and exchange of information and people; and an
environment that permits the electric utilities to function efficiently and
profitably.

The report abstract states,

Overall findings suggest that the nuclear power industry in Japan is at an
advanced state of development; in particular, Japan had become
technologically self-sufficient. Long-term goals of the Japanese program
included closure of the complete fuel cycle and pursuit of the liquid metal
fast breeder reactor as the future base system.

The panel concluded that the Japanese nuclear program has been successful
because it is "blessed" with

a strong, consistent federal commitment to nuclear power; an adequate
supply of R&D funds; a stable set of priorities for R&D; a well-developed
distribution of responsibilities between the public and private sectors; and
a highly capable collection of agencies engaged in the R&D activities
(Hansen, 1990).

All these assets flow from a policy decision by the Japanese Government to develop
nuclear power for energy independence.

The 1991 Whittaker report on space robotics said, "Japan has been one of the most
successful countries in the world in the realm of terrestrial robot applications." The
report states,
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Japan has in place a broad base of robotics R&D, ranging from components
to working systems for manufacturing, construction, and human service
industries. From this base, Japan looks to the use of robotics in space
applications, and has funded work in space robotics since the
mid-1980s...the Japanese are significant participants in space robotics with
everything necessary to succeed: the technology, experience, and
commitment to reach their objective of competent space robots.

The panel observed outstanding Japanese motion control technologies:
position and force control, hybrid control, use of digital signal processors
to successfully increase the response and stability of control systems, and
miniaturized actuators and components.

Funding for Japanese space robotics research and projects has come from
the government, with cost sharing by corporations. Japanese procurement
practices appear to have engendered cooperation among Japanese
corporations, and companies have rotated contracts. Government contracts
tend to be smaller and to make up a smaller proportion of a company's
business in Japan than in the U.S. Less funding is apparently available in
Japan than in the U.S., but major Japanese space robotics programs and a
diversity of smaller projects are supported (Whittaker, 1991).

The report on Japanese construction by Richard Tucker highlighted a $500 billion
industry that invests in R&D in the amount of 0.51% of sales ~ five times the figure
for the U.S., which also has about a $500 billion construction industry in a much
larger economy (Carlton, 1991). This investment made the Japanese leaders in,

soft ground tunneling, design and construction of intelligent buildings, deep
foundation construction, construction robotics, long—-span bridge
construction, and in performing urban construction in a much less disruptive
manner.

The funding for this research comes from a larger share of the profits of construction
companies, but the industry is greatly assisted by the Ministry of Construction, which
has no U.S. counterpart (Tucker, 1991).

Since this strictly technical study was completed, the corrupt relationship between
the Japanese construction industry and leading politicians has aroused their public's
indignation. In 1993 this scandal toppled the Liberal Democratic Party that had ruled
Japan for 38 years. This relationship between Japanese construction and politics had
been exposed earlier by van Wolferen (1989). The R&D implications here are: (1)
Fat profits from this arrangement helped make enormous investments in construction
R&D possible; with new scrutiny these investments are likely to fall. Prof. Kunio
Maeda of Fuji University, a former construction executive, estimates that government
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construction costs in Japan are 30-40% higher than in the U.S. because of bid-rigging
(Stemgold, 1994). (2) Even technology assessments must consider the larger
environment, 1.e., a conclusion that the Japanese best bid award of construction
contracts based on long—-term relationships might lead to "better" results than the
American low bid approach would be naive.

The report on material handling technologies by Frazelle and Ward included some
discussion on production issues generally. Some of the key findings were,

Prior to 1960 Japan trailed the United States in industrial productivity and in
the application of modern production methods, especially in the use of state—
of—the—art material handling technology. All that has changed. Productivity
improvement ~ and the strategic advantages that accompany such
improvement ~ have provided the rationale for Japan's quest for the best
production methods and technologies over the last thirty years. However,
that rationale today is being amplified manyfold by changing demographic,
social, and business conditions in Japan. The result has been an
acceleration in the application of automated material handling systems that
dwarfs what we see occurring in the United States.

The Japanese government has taken an active policy role in stimulating the
application of automated material handling systems. Industrial productivity
in Japan still lags behind the productivity of U.S. industry, but the two have
been converging rapidly (Frazelle and Ward, 1993).

G. Cross—Cutting Findings/Other Assessment Approaches

The Japanese have improved their R&D position during the period 1984-94 relative
to that in the U.S. as measured by the subjective assessments of American experts
in the same field. This is highlighted by the upward arrow symbols in Tables 1-6,
which can be justified from the many panel assessments that Japan was generally
improving its position in that technology. Although technologies were usually
selected for study because there was reason to expect that the Japanese had some
interesting results, it is significant that there are no downward arrows.

There are enough data in Tables 1, 2, and 4 to permit sketches of rough scatter
diagrams of the overall ratings. Figures 3a—c show the results using a code of A=1,
B=0, and C=-1. All three show a similar upward trend over the period. These
diagrams should used with caution, because the data points represent a variety of
different sub—technologies, the assignment of overall relative positions is somewhat
subjective, and the ratings indicated by upward arrows in the tables are not
included.
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There is some confirmation of the ratings, often based on surveys of expert opinion.
Who's Bashing Whom: Trade Conflict in High-Technology Industries (Tyson, 1992)
cites several such surveys, including MITI (1988) and The Council on
Competitiveness (1991). Justin Bloom has prepared a similar summary, including
several surveys by Japanese national newspapers (Bloom, 1990). All provide a
snapshot of relative positions at one point in time. For comparison, some of these
lists have been reproduced in the Appendix. One such rating is concise enough to
quote here:

In comparison with Japan, the U.S. is: (1) Losing badly in advanced
materials, biotechnology, digital imaging technology and supercomputers;
(2) Losing in advanced semiconductor devices, high density data storage,
high performance computing, medical devices and diagnostics, opto
electronics, and sensor technology; and (3) Holding in artificial intelligence,
flexible computer—integrated manufacturing, (4) and gaining in none"
(Commerce Department, 1990).

R&D Rating

84 85 86 87 88 89 90 91 92 93 94

Year

Note: "+1" = Ahead (A), "0" = Same (B), "-1" = Below (C)

Figure 3a. Scatter Diagram of Electronic Device Assessment vs. Time
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Figure 3b. Scatter Diagram of Computer Science Assessment vs. Time
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Figure 3c. Scatter Diagram of Materials Science Assessment vs. Time
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The U.S. Industrial Outlook provides competitive assessments based on international
trade data (Commerce Department, 1993). Other approaches to technology ratings
include counts of patents or citations to patents (NSF, 1991), tallying technical
papers as Tsang and Wooley did, and citations to technical papers. These
approaches tend to confirm the thesis that Japanese high technology products are
not just gaining in the marketplace, but that Japanese engineers and scientists are
also gaining in the laboratory.

Figure 4a shows the total U.S. patents by grant year. Between 1978 and 1988, U.S.
share was being lost to Japan, with the share of the rest of the world (ROW) being
nearly constant. The most recent data show that the American share has made a
small recovery, while Japan continues to gain at the expense of the rest of the world.
As this paper went to press, the Patent and Trademark Office released the 1993 data,
but earlier the February 3, 1994 New York Times had a full page (p. D22)
advertisement with a large title, "BASED ON THE LATEST U.S. PATENT AWARDS,
U.S. LEADERSHIP IN TECHNOLOGY IS NO LONGER PENDING." The ad
celebrates an American firm (IBM) winning in 1993 the most U.S. patents for the first
time since 1985. Fig. 4 (b) shows the nationality of the top ten companies in receipt
of U.S. patents through 1993. While the U.S. has also made a small comeback in this
tally, it was not at the expense of the Japanese.

Percent
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\a\.)\ﬂ\vﬁw,’&t\o,,/‘c—'g
50
40 - U.S.
——Japan
30, ; .
i ‘ ‘ / * ROW
20 o ! :
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Figure 4a. U.S. Patents (Source: U.S. PTO, 1993)
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Figure 4b. Nationalities of Companies with Most U.S. Patents

Science and Engineering Indicators (NSB, 1991) analyzes citations to U.S. patents
in other U.S. patents as a measure of the quality of the cited patents. Since before
1975, there are more citations to U.S. patents from Japan than from the U.S., and the
Japanese lead in this metric is increasing.

During 1972-82 the Japanese sharply increased their share of world science papers
(NSF, 1988), although they remained far behind the U.S. in the mostly basic—science
journals surveyed. They also increased their share of citations in other papers, from
0.77 citations to Japanese papers per paper in 1973 to 0.99 in 1983.

In engineering the citations to Japanese papers increased from 0.76 to 1.25 per
paper. For comparison, the U.S. citation ratio in all fields was nearly constant at
about 1.35 (NSF, 1988).

As has been quoted, the JTEC panels have often made comments on the sources of
the increasing Japanese strength. While JTEC panelists are distinguished scientists
and engineers, most are also senior R&D managers and understand the decisive
resources for success. Their opinions are based on a detailed knowledge of this
connection that goes well beyond that of the layman. While many factors are
mentioned, the common theme is that the technology policies of the Japanese
Government have indeed contributed to boosting Japan's R&D capability.
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This demonstration that Japanese industrial policy, with its encouragement of heavy
investment in R&D, advanced Japanese technologies would be trivial except that: (1)
The effectiveness of Japanese industrial policy has been denied by many influential
political economists, who wished to discourage such government intervention in the
U.S., and (2) The Europeans have followed superficially similar policies in an attempt
to compete with the Japanese (and Americans) in high technology markets with little
to show for it (OTA, 1990).

On the other hand several other Asian countries are following the Japanese lead with
considerable success (Kim, 1993; OTA, 1991). With policy research, these cases
could help identify which policies are most effective and transferable — perhaps even
adaptable to the U.S. Some deny, however, that these successes in the marketplace
come from the industrial policies that these nations adapted from Japan. Table 7
summarizes the cross—cutting conclusions about Japan.
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Table 7
Cross—Cutting Conclusions for Japan

In 1984, Japan had a deserved reputation for importing and improving foreign
technologies, but it was becoming clear by their R&D investments that they
intended to develop their own.

The Japanese emphasize applied research with relatively little lab work in
basic research, since those discoveries are more easily imported. Their basic
research component of R&D then amounts to a technology transfer process
at which they excel.

During 1984-94, Japanese R&D in many fields greatly improved relative to that
in the U.S. and came to equal or surpass U.S. R&D positions in some.

The Japanese now lead in R&D for most kinds of electronic devices and in
many aspects of telecommunications.

Because of its rapid pace of innovation, the U.S. still has a substantial lead in
most areas of R&D in computer science, despite decades of strenuous
Japanese government and industry efforts. But, Japan gained significantly
during 1984-94.

In particular, a series of assessments of ICOT provide a view of its
accomplishments: The impossibly ambitious goals were not achieved, but the
project did elevate some Japanese computer science to world class.
(Ironically, by stimulating U.S. R&D in the most promising areas of parallel
computing, ICOT might have been counterproductive in this competition.)

Likewise the U.S. leads in the biotechnology fields studied, but the Japanese
are gaining and are in a good position to exploit emerging biotechnology
markets.

The Japanese place greater emphasis on materials R&D than the U.S., and are
gaining in the results.

In other fields results are mixed, but the same improvement was found in
several other technologies — nuclear power, mechatronics and construction.

Among many factors, Japanese industrial and technology policies contributed
to these improvements.
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Table 8
WTEC Studies (Outside Japan)
YEAR | CHAIR TOPIC RATE | FOREIGN STRENGTHS IN
FIELD
91 White Nuclear 1&C Deployment of Plants (Both).
Lanning (Europe) At Most Applied Research. Load
Following. Design Changes.
(USSR) CI Some Basic Research.
93 Uhrig Nuclear 1&C At Digital Instrumentation. Control
Carter (Canada) Room Design. Regulatory
Acceptance. Al Application.
93 Pelton Satellite Telecomms* Bt Government Support. Large
Edelson (Europe) Antennas (inc Russia). Optical
Links.
94 Tucker Construction Bt Tunneling, Recycling/ Retrofit,
(Europe)* Marine Construction. Real
Time Monitoring. Advanced
Materials. Energy
Conservation.
94 Doane Flat Displays CIl Photo—Aligned Polymers.
(ex-USSR) Advanced Materials. Research
Personnel.
94 Seymour Subsea Vehicles Bi USSR Military R&D Results.
(ex—-USSR) Test Facilities, Engineers.
Nuclear Power, Fuel Cells.
Manned Vehicles.

* Part of a larger report. "A" means that the foreign technology was more advanced than in the U.S,,
"B" about even, and "C" that they were behind. An appended "t" means that the foreign R&D
establishment is improving its position relative to the U.S.; "4" means the opposite.
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m. ASSESSMENTS BEYOND JAPAN
A. WTEC Assessments

Technology assessments done by the World Technology Evaluation Center extend
the scope beyond Japan. So far, all WTEC studies complement Japanese ones on
similar technologies, so that the results contribute to a "worldwide" assessment of
most of the major players. Table 8 (above) summarizes the WTEC studies
themselves, but in the text some comments will be made on the worldwide aspects
of the findings. Table 9 (p. 44) lists the initial TTEC studies that have investigated
highway-related technologies in Europe. The most significant findings from all the
European studies are in Table 10 (p. 45).

The 1991 nuclear power plant instrumentation and controls (I&C) study was the first
effort by ITRI to study technologies outside Japan. It was chaired by Jim White (Oak
Ridge National Lab) and David Lanning (MIT). They focused on [&C research,
development, and application in France, Germany, the Soviet Union, Czechoslovakia,
and Norway. Mr. White had written the corresponding chapter in the Japanese study
(Hansen, 1990) and more recently, ITRI has also organized a study of Canadian
nuclear plant control rooms (Uhrig, 1993). Thus the comparisons speak of those
countries as well. Generally the panel found that the U.S. is behind in the
application of advanced I&C in nuclear power plants. France, Germany, Russia,
Czechoslovakia, Canada, Japan, and the U.S. are moving toward use of digital
computers, especially microprocessors, in information and control systems.

The U.S. is behind in the development and experience of using digital systems in
nuclear plants, and in the use of fault diagnosis and signal validation systems. The
hardware for digital systems used in most countries comes from U.S. computer
companies, but the slow pace of deployment of digital systems in U.S. nuclear plants
has kept the U.S. behind in developing experience in computer system architecture
for nuclear 1&C systems. The Europeans are also ahead in the use of computer
assisted software engineering (CASE) tools and in the development of standards.

Europe i1s ahead of the U.S. and moving ahead further in implementation of products
in all aspects of 1&C, with the possible exception of instrumentation. In the area of
advanced development, Europe 1s also ahead except for I&C architecture and
instrumentation. In basic research, Europe is ahead in four of the seven categories
evaluated (White and Lanning, 1991).

In 1993 WTEC commissioned a study of instrumentation, control and safety systems
at Canadian nuclear power plants. It was conducted by Robert Uhrig and Richard
Carter of Oak Ridge National Labs. Quoting from their report,
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The authors found that the most advanced I&C systems are in the
Canadian CANDU plants, where the newest plant (Darlington) has
digital systems in almost 100% of its control systems and in over 70%
of its plant protection system. Increased emphasis on human factors
and cognitive science in modern control rooms has resulted in a
reduced work load for the operators and the elimination of many
human errors... The hypothesis that properly introducing digital systems
increases safety is supported by the Canadian experience (Uhrig,
1993).

As discussed above, the 1993 satellite telecommunications study chaired by Joe
Pelton (Colorado) and Burt Edelson (GWU) covered European, Japanese, and some
Russian technologies (Mcilwain, 1993). Existing knowledge of U.S. and Canadian
industry was used as a benchmark for that evaluation. Both the Japanese and
European findings were discussed earlier. Some additional "worldwide" points are,

While growth in fixed satellite services has slowed, broadcast and
mobile communications will experience explosive growth over the next
ten years...Without changes in U.S. R&D policy, the United States will
soon fall behind Japan and be locked in a contest with Europe for
second place.

The European Space Agency, individual European countries, and
Japan all have industrial policies that support satellite communications.
The United States has no recognized plan for the development of
satellite communications.

This panel's year—long review of overseas capabilities in satellite
communications has revealed many potential threats to U.S. industry.
Most of all, there is a dearth of mechanisms for effective long term
R&D directed at advanced technologies in which industry, government
and universities can play an effective ongoing role... The United States
still holds an industrial lead in today's satellite communications market
measured in spacecraft construction and flight hardware sales. This
1s a result of large investments in many areas of space technology over
the last three decades. However, the U.S. space technology base is
being depleted rapidly...In summary, the members of this panel have
identified a number of serious and growing risks to the U.S. satellite
communications industry, but opportunities exist for future initiatives
that could allow the United States to maintain its leadership role.

In 1993 the Civil Engineering Research Foundation (CERF) organized a study tour
of Europe to survey technology transfer mechanisms in the construction industry.
CERF had conducted a similar study in Japan to complement the JTEC study of
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construction technologies. For Europe, the NSF asked ITRI to organize a technical
panel to travel with the CERF team, so that a European technology assessment
could be included. The preliminary results were presented at a workshop in
September 1993 (Samuel, 1993).

Richard Tucker, who had led the JTEC construction team, also led this effort and
was able to compile an overall table of construction technology status and trends
for the U.S., Japan, and Europe. The U.S. was leading in: many computer fields like
databases, CAD, and GPS/GIS; concrete systems; and waste water disposal. Some
of the Europeans were leading in: tunneling, marine construction, fiber optic sensing
and real-time site monitoring, retrofit, energy conservation and recyclability. The
U.S. and European were about equal in leading the Japanese in concrete and asphalt
materials, and in site remediation. Confirming some of the JTEC report findings, the
Japanese were leading in high performance steel and composites, automated
equipment, underground construction, steel systems, vibration damping, pavement
measurement, intelligent buildings, building systems, and housing construction. The
U.S. and Japan were about equal and leading the Europeans in construction site
safety. As usual the Japanese were improving their position in several of these
technologies (Tucker, 1993). Panelist John Fisher would rate the Europeans ahead
in concrete systems.

George Gamota recently made three study trips to Ukraine to assess science and
technology with sponsorship from ITRI and others. He showed that Ukraine had
many institutes that should be included in WTEC studies of the former Soviet Union.
The five—volume report includes details of the leading R&D projects (Gamota, 1992).

The 1994 displays study chaired by Bill Doane of Kent State University is still in
progress. The panel toured labs in Russia, Ukraine, and Belarus working on
electronic displays to complement the 1992 Tannas study of Japan. The preliminary
results were presented at a workshop in February 1994. The panel found several
centers of excellence in materials for flat panel displays, including photo—aligned
polymers, active matrix liquid crystal materials, color filters, thin film
electroluminescent materials, phosphors, light emitting diode materials and devices,
and a projection system based on an e-beam pumped laser. Many of the personnel
were excellent at research with strong theoretical skills. The panel found many
opportunities for collaboration with the U.S. in research or commercialization.

The 1994 sub—sea study chaired by Richard Seymour of Texas A&M was the only
WTEC panel to visit Europe without an earlier Japanese study in the same area, but
a continuation is expected that will cover Japan and Russian R&D in the Vladivostok
area. The final report has not yet been published, but the preliminary findings were
presented at the workshop in July 1993 (Crawford, 1993) and in a draft report under
review. The panel spent most of its time in Russia and Ukraine, but visited a few sites
in France, United Kingdom, and Finland.
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While some submarine shipyards and institutes in the FSU would not receive the
panel, those that did were extremely open. Three of the WTEC delegation had
commanded American submarines: Radm John Mooney, former chief of ONR; Dr.
Don Walsh (International Maritime Inc.); and Dr. Mike DeHaemer, the JTEC/WTEC
director. After spending their early careers opposing Soviet submarines, it was
fascinating for them to see some of the previously secret technologies. The results
of decades of military research were presented, because the same institutes that
designed and built military subs are publicizing their work to encourage its
commercialization. Tom Clancy (a Loyola College alumnus) would have loved the
trip. In the FSU the panel found,

Their fundamental science is impressive and based on sound
theory... They have been very creative in applied research and have
many accomplishments that are equal to or exceed what we have
done in the West. Some examples include manned submersibles,
acoustic tomography, non-acoustic ASW, high speed underwater
projectiles, and materials development for the marine
environment...nuclear and fuel cell power systems...Some engineering
and integration things they have done well include: numerous and very
good research test facilities, short development spans...building strong
to last and to simplify maintenance.

Russia and Ukraine have developed a highly educated and
experienced manpower pool, skilled in almost all phases of subsea
technology, that is substantially underutilized at this time. Russia and
Ukraine possess impressive and in some cases unique, facilities for
physical testing. These facilities are also underutilized and offer
opportunities for western nations (Seymour, 1993).

In the limited time spent in Western Europe, the panel supplemented some of its
existing knowledge of European activities. They found,

The European community is making substantial progress in
cooperative and coordinated research in subsea technology, including
the development of standards. No such cooperative R&D is underway
in the US. and this may have a significant effect on
competitiveness... The economic stimulus for subsea technology
development in Western Europe appears to be largely to support
fisheries management and offshore oil and gas production...All the
countries visited and all the agencies interviewed see shrinking
horizons for R&D and for economic opportunities in this field
(Seymour, 1993).
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Some centers of excellence found in Western Europe included sonar imaging
systems; scientific unmanned subs in the U.K.; and navigation, communication, and
automation in France. Government programs in France and the U.K plus the EC
Marine Science and Technology Program were leading to good progress in AUVs
and ROVs. Their R&D organizations were as well equipped as those in the U.S.
(Seymour, 1993).

B. TTEC Transportation Assessments

In 1991-92 the staff of the International Office of the Federal Highway Administration
(FHWA) organized three scanning trips that logically form the first three reports of
this series. Their reports (AASHTO, 1991; FHWA, 1993; Byrne, 1993) reveal advanced
technologies in Europe that the U.S. highway community should consider. In
particular they found that some European highways are much more durable than the
U.S. standard. This was interesting enough to result in coverage in Time Magazine
(Van Voorst, 1992), Reader's Digest (Dance, 1992), on national television and in
newspapers.

With the demonstrated success of this approach, a new Transportation Technology
Evaluation Center (TTEC) was organized by ITRI to conduct an intensive series of
these highway engineering assessments. In the fall of 1993 TTEC sent five
delegations to Europe. Their structure and purpose were somewhat different from
those of JTEC/WTEC. Most of the delegation are volunteers from Federal, state, and
local government agencies, whose main purpose is simply to identify ideas from
abroad that can help the U.S. highway community. There is no assignment to rate
technologies relative to those in the U.S. None of the reports have been completed,
but preliminary findings are summarized here.

The bicycle and pedestrian safety review team led by Charles Zegeer of the
University of North Carolina (also the report editor) inspected innovative facilities in
the UK, the Netherlands, and Germany. New pedestrian crossing facilities under test
offer immediate opportunities for technology transfer to the U.S. Bicycle and "traffic
calming" facilities are much further advanced in Europe than in the U.S. While they
can clearly improve safety in residential areas, they slow automobile traffic, which
1s less acceptable in the U.S.

The transportation surveys study tour was led by David McElhaney, and Alan
Pisarski is the report editor. They visited survey authorities in the U.K, Denmark, the
Netherlands, Sweden, France and Germany in preparation for two large—scale
surveys to be conducted in the U.S. in 1995. The six nations provided a wealth of
1deas for transportation survey content and methodologies.
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Table 9
TTEC Transportation Studies (Europe)

YEAR | EDITOR | TOPIC FOREIGN STRENGTHS IN FIELD
94 Zegeer Bike/Ped Safety Traffic Calming Facilities. Pedestrian Road
Crossings. Bicycle Facilities.
94 Pisarski Transportation Funding Level. Continuous Small Surveys.
Surveys Registry—-Based Surveys.
94 Muller Intermodal Freight National and EC Planning. Short Haul
Intermodalism.
94 Bohman Construction Life Cycle Costs. Tech Trans. Preventative
Contracts Maintenance. Road Bed Base. Alternate Bids.
94 Kaufman | Highway Computer Automated Materials Testing. Highway
Applications Visualization Display. Pavement Management

Expert System. Automatic Signs.

The surveys report is now being edited. Some findings were: (1) Funding for
surveying seemed to be higher in Europe relative to their overall program. (2) Most
authorities continuously conducted smaller—scale surveys rather raising money for
large periodic surveys. (3) National parliaments often required surveying to evaluate
legislation. (4) Most countries have central registries of all citizens that can form a
basis for sampling. (5) Dissemination was more limited than in the U.S. but the panel
liked the very effective presentation of survey results in Germany, which makes the
results more usable and encourages support for further surveys. (6) European
unification had reduced border formalities so less roadside data were available, but
offered new opportunities for Europe-wide surveys.

The intermodal freight planning study tour was led by George Schoener, and
Gerhard Muller is the report editor. Some of their findings are that European
governments and the EC provide a stronger transportation planning role (including
risk sharing), especially in the intermodal freight area. Their often shorter shipping
distances force innovative intermodal system solutions that could guide U.S. urban
area facilities. Plans include a strong emphasis on economic development,
employment/automation trade—offs, environmental protection.

The construction contracts study tour led by Tony Kane, FHWA Associate
Administrator, visited France, Germany, Austria, and Spain. Bob Bohman is the
report editor. The earlier FHWA scanning tours had uncovered technical reasons
why many European roads are superior to comparable American ones. This
delegation focused on how the American contracting process could be modified to
transfer here some of these performance improvements. Some of the factors found
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include: longer design life, life-cycle cost goals instead of initial cost, better road
beds, more preventative maintenance, and alternate bids with options for improved
technologies.

The advanced technologies study led by FHWA's Jim Wentworth focused on
computer applications in highway engineering. Bill Kaufman is the report editor.
They visited labs in Denmark, the Netherlands, France, and Germany.

C. Cross—cutting Findings

The first WTEC and TTEC panels found that Europeans including the Russians to
be almost as open to ITRI panels as are the Japanese. This was particularly
dramatic in the former Soviet Union where formerly secret technologies were freely
shown. Many technologies were found that could be transferred to the U.S. Some
of the other general findings are summarized in Table 10.

Table 10
Conclusions for Europe and Worldwide

0 Some of the best R&D of the last 50 years was done in secret for the Soviet
military. The fruits of this labor are now available for the asking, but this may
not be true for long.

0 The Soviet space program also had many centers of excellence in Russia,
Ukraine, and Kazakhstan, which offer opportunities for technology transfer to
the U.S., or to other countries.

0 Russian and Ukrainian scientists and engineers are highly educated and many
have talents that could be applied to solution of important problems, such as
radiation waste clean—up. However, it is likely that most will be diverted to
other occupations or to other countries as FSU institutes fail.

0 WTEC technology assessments in Western Europe have been limited to date,
but sending delegations there is clearly beneficial to the U.S. It is easy to
identify opportunities to learn from the European experience to improve U.S.
R&D.

0 TTEC studies show that European highway technologies have much to offer
the U.S. Some examples: bicycle facilities, traffic calming techniques, better
consideration of the environment, and more durable highways.
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IV. CONCLUSIONS
A. General Conclusions

Ten years of American technology assessments have confirmed what Japanese and
Europeans have known for decades: researchers must keep in touch with their
foreign colleagues or risk being left behind in scientific and engineering advances.
Reading the literature is no substitute for face—to—face exchanges and for lab tours
to see the actual results. Thus, those involved in this program have not only learned
a wealth of technical information from abroad, but have learned better methods for
technology transfer as well.

European assessments have been limited to date, but it is clear that Europe has
much to offer in advanced technologies of benefit to the U.S. The much greater
number of Japanese studies permits some general conclusions about the status and
trends of Japanese technology. A particular interest is to try to identify the driving
forces behind their advances.

B. The Role of Japanese Technology Policy

Japan is very different from the United States. There are hundreds of factors that
could account for their success in the marketplace. Complicating identification of
which factors are most important is that there i1s a striking difference in Japan
between appearances (tatemae) and realities (horme). On the fundamental question
of who runs Japan, van Wolferen believes that while power is diffuse in Japan, the
unelected bureaucrats play the decisive role (van Wolferen, 1989). For exposing this
difference and the influence of other hidden powers, van Wolferen was called a
Japan basher, but even the Japanese can be surprised. As their Prime Minister
recently said, 'When first becoming a Diet member, I assumed that [ could achieve
something. Unfortunately, I found that the legislative branch functioned as an
extension of the central bureaucracy and was controlled by special interests"
(Hosokawa, 1993).

The scope of this paper does not include analysis of which of these factors is most
effective. In many of the JTEC studies summarized here, however, American experts
have examined Japanese R&D, concluded that it is gaining relative to that in the U.S.,
and identified Japanese government policies as contributing to this success.

This demonstration of the effectiveness of Japanese industrial and technology
policies would be unnecessary for many scholars. Governments all over the world
mnvest in R&D with the expectation of commercial benefit ~ the Japanese are just the
most successful. Years ago Chalmers Johnson provided convincing evidence of the
contribution of the leadership of the Japanese Government to the post-war Japanese
economic miracle (Johnson, 1982). Indeed, there are whole libraries available ~ one
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annotated bibliography lists over 500 books and major articles in English during
1970-87 on Japanese industrial policy (Boger, 1988). This interest is because many
would like to emulate Japan's economic success; several Asian countries are doing
so by adapting the best features of Japanese policies. Some other references on the
reasons behind Japanese advances are Prestowitz (1988), Kuttner (1991), Fallows
(1989), and van Wolferen (1989). A concise survey of Japanese technology policies
is available in Cheney and Grimes (1991).

However, this connection is very controversial in the U.S., since it is intertwined with
the main difference between the leading parties ~ the degree of government
presence in society that is constructive. Each party can find economists who
support their position that more or less government intervention in the marketplace
1s optimal for competitiveness. Those who favor the conservative economic view
have the advantage that they claim to favor a "free" market, a term with connotations
that are hard to argue with. Messrs. Prestowitz, Kuttner, Fallows, and van Wolferen
are sometimes dismissed as "protectionists," "revisionists," or the "Gang of Four"
(Fallows et al., 1990).

The conservative viewpoint is that industrial policies are not the reason for Japanese
successes ~ failings in the U.S. or other Japanese macroeconomic policies are
credited, like those encouraging the Japanese public to save. Yet, one can almost
say that in Japan all government policy is industrial policy. Export means survival
to Japan; it is the priority of government, and the public supports their industry with
patriotic fervor. The conservatives do make convincing points; debates always result
in many favoring their side. Policy Reviewrecently published a lively debate on an
article, "MITI Mouse: Japan's Industrial Policy Doesn't Work," by Karl Zinsmeister
(1993), who refers to his opponents as "the Gang of 33" or simply "gangsters."

Even if government industrial policy is credited as leading Japan's economic miracle,
it does not necessarily follow that the U.S. Government could lead one here. In the
1980s, anyone who urged more Government intervention to help American industry
compete was accused of promoting the discredited "industrial policy" of the Carter
Administration — with the synfuels debacle as a prime example. If an official made
this effort too forcefully, he was viewed as insubordinate, as the firing of the DARPA
Director made clear. Thus, however distasteful it may be to scientists, this issue is
really only settled by political means.

The 1992 election decided that there will be more government initiatives in this
arena. Over the protests of the conservative economics establishment, President
Clinton appointed Laura Tyson chair of the Council of Economic Advisors on the
basis of her ideas in Who's Bashing Whom: Trade Conflict in High Technology
Industries. The Administration's initial technology policies were published a month
after taking office (Clinton and Gore, 1993); Bloch and Cheney (1993) have provided
a critique. There is now a need for ideas for U.S. initiatives. Learning from
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successful competitors should be a good approach. This paper has provided
evidence of the effectiveness of some Japanese policies in rapidly advancing their
position in research and development.

In early 1994, a new spirit of American optimism can be detected in this game of
international competition. The U.S. economy is finally coming out of a recession that
persists inJapan and Europe. The news from Japan reports on the difficulties there -
-much is made of the possibility of layoffs, and there are some cutbacks in R&D
investment. A coalition government in Japan is buffeted by bureaucrats and the
political opposition, resulting in press accounts of its weakness relative to the long-
entrenched LDP. Recent articles also make the case that the U.S. is making a
comeback in international competitiveness (Nassar, 1994). Certainly, the patent data
suggest that U.S. companies are now more determined to compete in R&D. The
Clinton Administration is moving aggressively to openJapanese markets to American
products and increasing American investment in R&D for the civilian sector. But, it
remains to be seen what will happen when Japan comes out of the recession. If
history is a guide, Americans would be well advised to be prepared to compete
more than ever.
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APPENDICES
A. ITRI PANELISTS

The panels are listed in chronological order. Panel chairs are denoted by an
asterisk. Organizational affiliations are those at the time of the study.

COMPUTER SCIENCE IN JAPAN

David H. Brandinx SRI International

Jon L. Bentley Carnegie Mellon University
Thomas F. Gannon Digital Equipment Corporation
Michael A. Harrison University of California, Berkeley
John P. Riganati National Bureau of Standards
Frederic N. Ris IBM Research Center

Norman K Sondheimer University of Southern California

OPTO- AND MICROELECTRONICS IN JAPAN

Harry H. Wiederx University of California, San Diego
William E. Spicer* Stanford University

Robert S. Bauer Xerox Corporation

Federico Capasso Bell Laboratories

Douglas M. Collins Hewlett—Packard

Karl Hess University of Illinois

Harry Kroger MCC

Won-Tien Tsang AT&T Bell Laboratories

Jerry M. Woodall IBM Research Center
MECHATRONICS IN JAPAN

James L. Nevins* MIT Draper Laboratory
James S. Albus National Bureau of Standards
Thomas O. Binford Stanford University

J. Michael Brady MIT

Michael Kutcher IBM

P.J. MacVicar-Whelan Boeing

G. Laurie Miller AT&T Bell Laboratories
Lothar Rossol GMF Robotics

Karl B. Schultz Cincinnati—Milacron

BIOTECHNOLOGY IN JAPAN

Dale L. Oxenderx University of Michigan, Ann Arbor
Charles L. Cooney MIT

David A. Jackson Genex Corporation

Gordon H. Sato W. Alton Jones Cell Science Center
Reed B. Wickner National Institutes of Health

John R. Wilson Lord Corporation
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TELECOMMUNICATIONS TECHNOLOGY IN JAPAN

George L. Turinx*
William H. Davidson
Paul E. Green, Jr.
James Mikulski
Albert E. Spencer, Jr.
Bruce A. Wooley

UCLA

University of Southern California
IBM

Motorola, Inc.

AT&T Bell Laboratories

Stanford University

ADVANCED MATERIALS IN JAPAN

James Economy#*
Michael Jaffe

William J. Koros
Raphael M. Ottenbrite
Elsa Reichmanis

John R. Schaefgen

IBM Research

Celanese Research Company
University of Texas at Austin
Virginia Commonwealth University
AT&T Bell Laboratories

DuPont (ret.)

ADVANCED COMPUTING IN JAPAN

Marvin Denicoff*
Joseph A. Goguen
Carl Hewitt

David Mizell
Stanley Rosenschein
Edmond Schonberg
Jay M. Tenenbaum

Thinking Machines Corporation
SRI International

MIT

University of Southern California
SRI International

New York University
Shlumberger

COMPUTER-INTEGRATED MANUFACTURING AND COMPUTER-ASSISTED
DESIGN FOR THE SEMICONDUCTOR INDUSTRY IN JAPAN

William C. Holtonx
Jean Dussault
David A. Hodges
C.L. Liu

James D. Plummer
Donald E. Thomas
Bevan Wu

Semiconductor Research Corporation
Bell Labs

University of California, Berkeley
University of Illinois

Stanford University

Carnegie Mellon University

IBM

THE JAPANESE EXPLORATORY RESEARCH FOR ADVANCED TECHNOLOGY

(ERATO) PROGRAM
William Brinkmans
Dale Oxenderx*

Rita Colwell

Joseph Demuth

John Rowell

Richard Skalak
Edward Wolf

AT&T Bell Laboratories
University of Michigan
University of Maryland

IBM

Bell Communications Research
University of California

Cornell University



ADVANCED SENSORS IN JAPAN

G. Laurie Miller=
Henry Guckel
Eugene Haller
Takeo Kanade
Wen Ko

Veljko Radeka
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AT&T Bell Laboratories

University of Wisconsin at Madison
University of California, Berkeley
Carnegie Mellon University

Case Western Reserve University
Brookhaven National Laboratory

HIGH-TEMPERATURE SUPERCONDUCTIVITY IN JAPAN

Mildred S. Dresselhaus*
Robert C. Dynes
William J. Gallagher
Paul M. Horn

John K. Hulm

M. Brian Maple

Rod K. Quinn

Richard W. Ralston

MIT

AT&T Bell Laboratories

IBM

IBM

Westinghouse (ret.)

University of California, San Diego
Los Alamos National Laboratory
Los Alamos National Laboratory

SPACE AND TRANSATMOSPHERIC PROPULSION TECHNOLOGY

Charles Merklex*
Maynard L. Stangeland
James R. Brown

John P. McCarty

Louis A. Povinelli

G. Burton Northam
Edward E. Zukoski

NUCLEAR POWER IN JAPAN
Kent F. Hansenx*

Wallace B. Behnke

Sheldon B. Cousin

Ersel A. Evans

Donald R. Olander

Victor H. Ransom

James D. White

Penn State University

Rockwell International

Pratt & Whitney

NASA Marshall Space Flight Center
NASA Lewis Research Center
NASA Langley Research Center
California Institute of Technology

MIT

Commonwealth Edison (retired)
Stone & Webster

Battelle Laboratory

University of California, Berkeley
Purdue University

Oak Ridge National Laboratory

ADVANCED COMPUTING IN JAPAN

Michael A. Harrison*
Edward F. Hayes
James D. Meindl
James H. Morris
Daniel P. Siewiorek
Robert M. White

University of California, Berkeley
Rice University

Rensselaer Polytechnic Institute
Carnegie Mellon University
Carnegie Mellon University
Department of Commerce
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SPACE ROBOTICS IN JAPAN

William "Red" Whittaker* Carnegie Mellon University

James W. Lowrie Martin Marietta

Harry McCain NASA Goddard Space Flight Center
Mel Montemerlo NASA HQ

Antal Bejczy Jet Propulsion Laboratory

Tom Sheridan MIT

Takeo Kanade Carnegie Mellon University

Peter Allen Columbia University

HIGH DEFINITION SYSTEMS IN JAPAN

Richard J. Elkus, Jr.x Prometrix Corporation
Robert B. Cohen Consultant

Bimey D. Dayton NVISION

David G. Messerschmitt University of California
William F. Schreiber MIT

Lawrence E. Tannas, Jr. Tannas Electronics

ADVANCED COMPOSITES IN JAPAN

R. Judd Diefendorf* Clemson University

William Hillig GE Research and Development
Salvatore J. Grisaffe NASA Lewis Research Center
R. Byron Pipes University of Delaware

John H. Perepezko University of Wisconsin
James E. Sheehan MSNW Inc.
CONSTRUCTION TECHNOLOGIES IN JAPAN

Richard L. Tuckerx* Construction Industry Institute
John W. Fisher Lehigh University

Daniel W. Halpin Purdue University

Boyd C. Paulson, Jr. Stanford University

George H. Watson Amoco Corporation

Richard N. Wright NIST

Reed W. Nielsen Bechtel Corporation

X-RAY LITHOGRAPHY IN JAPAN

James T. Clemens* AT&T Bell Labs
Robert W. Hillx* IBM

Franco Cerrina University of Wisconsin
Gene E. Fuller Texas Instruments

R. Fabian Pease Stanford University

Henry L Smith MIT



MACHINE TRANSLATION IN
Jaime G. Carbonellx

Elaine Rich*

David Johnson

Masaru Tomita

Muriel Vasconcellos
Yorick Wilks
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Camegie Mellon University

MCC

IBM

Camegie Mellon University

Pan American Health Organization
New Mexico State University

DATABASE USE AND TECHNOLOGY IN JAPAN

Gio Wiederhold*
David Beech
Charles Bourne
Nick Farmer
Sushil Jajodia
David Kahaner
Toshi Minoura
Diane Smith
John Miles Smith

Stanford University

Oracle Corporation

DIALOG Information Services
Chemical Abstracts Service
George Mason University
Office of Naval Research
Oregon State University
Xerox

Digital Equipment Corporation

BIOPROCESS ENGINEERING IN JAPAN

Principal Authors:
Daniel I.C. Wang*
Stephen W. Drew
Randolph T. Hatch
Arthur E. Humphrey

Other Contributors:
Duane F. Bruley
Stuart E. Builder
Marvin Cassman
Alfred L. Goldberg
Nelson Goodman
Frederick Heineken
Michael R. Ladisch
Oskar R. Zaborsky

MIT

Merck

Aaston, Inc.
Lehigh University

University of Maryland, Baltimore
Genentech, Inc.

National Institutes of Health
Harvard University

U.S. Department of Agriculture
National Science Foundation
Purdue University

National Research Council

DISPLAY TECHNOLOGIES IN JAPAN

Lawrence E. Tannas, Jr=*
William E. Glenn*
Thomas Credelle

J. William Doane

Arthur H. Firester
Malcom Thompson

Tannas Electronics

Florida Atlantic University
Apple Computer

Kent State University

David Samoff Research Center
Xerox Corporation
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MATERIAL HANDLING TECHNOLOGIES IN JAPAN

Edward H. Frazellex
Richard E. Wardsx
James M. Apple, Jr.
Thomas C. Day
Glenn J. Petrina
Alvin R. Voss
Howard A. Zollinger

Georgia Institute of Technology
Material Handling Industry
Coopers & Lybrand

Hanover Direct

Defense Logistics Agency

IBM

Zollinger Associates

SEPARATION TECHNOLOGY IN JAPAN

C. Judson King*
Edward L. Cussler
William Eykamp
George E. Keller 1I
H.S. Muralidhara
Milton E. Wadsworth

University of California, Berkeley
University of Minnesota
Consultant

Union Carbide

Cargill

University of Utah

KNOWLEDGE-BASED SYSTEMS IN JAPAN

Edward Feigenbaum
Peter E. Friedland
Bruce B. Johnson

H. Penny Nii

Herbert Schorr
Howard Shrobe
Robert Engelmore

Stanford University

NASA Ames Research Center
Andersen Consulting

Stanford University

University of Southern California
MIT

Stanford University

SATELLITE COMMUNICATIONS SYSTEMS AND TECHNOLOGY

Burton 1. Edelsonx*
Joseph N. Pelton*
Charles W. Bostian
William T. Brandon
Vincent W. S. Chan
E. Paul Hager

Neil Helm
Raymond D. Jennings
Robert K Kwan
Cristoph E. Mahle
Edward F. Miller
Lance Riley

George Washington University
University of Colorado
Virginia Tech

MITRE

MIT Lincoln Lab

George Mason University
George Washington University
Department of Commerce, NTIA
Jet Propulsion Labs

COMSAT Labs

NASA Lewis Research Center
Jet Propulsion Labs
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EUROPEAN NUCLEAR INSTRUMENTATION AND CONTROLS

James D. Whitex Oak Ridge National Laboratory
David D. Lanning* MIT

Leo Beltracchi Nuclear Regulatory Commission
Fred R. Best Texas A&M University

James R. Easter Westinghouse

Lester C. Oakes EPRI (Consultant)

A.L. Sudduth Duke Power Company

ADVANCED MANUFACTURING TECHNOLOGY FOR POLYMER COMPOSITE
STRUCTURES

Dick J. Wilkins* University of Delaware
Moto Ashizawa Consultant

Jon B. DeVault ARPA

Dee R. Gill McDonnell Douglas
Vistasp M. Karbhari University of Delaware
Joseph S. McDermott Composites Services Corp.

RESEARCH SUBMERSIBLES AND SUBSEA TECHNOLOGIES

Richard J. Seymour Texas A&M

D. Richard Blidberg Northeastern University
Claude P. Brancart MIT Draper Lab

Larry L. Gentry Lockheed

Algis N. Kalvaitis NOAA

Michael J. Lee Aquarium Research Institute
John B. Mooney USN (ret.)

Don Walsh International Maritime Inc.

EUROPEAN CONSTRUCTION (Joint with CERF)

Richard Tuckers Construction Industry Institute

Victor Li University of Michigan

Jim Harrison Fluor Daniel

Tom Pasko, Jr. FHWA

John Fisher Lehigh University, ATLSS Research Center
Michael Gaus SUNY Buffalo

MICRO-ELECTRO-MECHANICAL SYSTEMS IN JAPAN

Kensall D. Wise* University of Michigan

Richard S. Muller University of California, Berkeley
Henry Guckel University of Wisconsin

Joseph M. Giachino Ford Motor Company

G. Benjamin Hocker Honeywell

Stephen C. Jacobsen University of Utah
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ELECTRONIC PACKAGING IN JAPAN

Michael Kelly* Georgia Institute of Technology
William Boulton Auburn University

John Kukowski Universal Instruments

Gene Meieran Intel

Michael Pecht University of Maryland

John Peebles AT&T Global Info Systems

Rao Tummala Georgia Institute of Technology

PEDESTRIAN AND BICYCLE SAFETY IN EUROPE

Charles Zegeerx University of North Carolina
Michael Cynecki City of Phoenix
John Fegan FHWA

Brian Gilleran FHWA

Peter Lagerway City of Seattle
Carol Tan FHWA

Bob Works Minnesota DOT
TRAVEL SURVEYS

David McElhaney* FHWA

Frank Jarema FHWA

Philip Fulton BTS

Ronald Tweedie
Charles Purvis
Alan Pisarski

New York DOT

Bay Area Planning Commission

Consultant

CONTRACTING FOR IMPROVED PERFORMANCE

Tony Kanex FHWA
Dave Geiger FHWA
Hank Honeywell FHWA
Larry Smith FHWA

Dan Flowers
Hal Kassoff
Dwight Bower

Arkansas DOT
Maryland DOT
Colorado DOT

Dean Testa Kansas DOT
Robert Bohman Consultant
Pete Wert Haskell Lemon

Erik Jensen
Robert Ulland
David Kramer
Richard Wilcox
Richard Sparlin

Irving F. Jensen Company
Ulland Brothers, Inc.
Edward Kramer and Sons
Wilcox Associates
Centennial Engineering



ADVANCED TECHNOLOGIES
James Wentworth

Huai Wang

Charles Dougan

Eamie Kent

William Kaufman

David Green
Thomas O'Keefe

INTERMODAL PLANNING
George Schoener*

Otto Sonefeld

Richard Roberts

Gerhard Muller
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FHWA

FHWA
Connecticut DOT
NIST

Camegie Mellon
New York DOT
Minnesota DOT

FHWA

AASHTO

Port Authority of NY & NJ
Port Authority of NY & NJ

ELECTRONIC DISPLAY RESEARCH IN THE FORMER USSR

J. William Doanex
Marko Slusarczuk
Zvi Yaniv

Jan Talbot
Patricia Cladis
Chris J. Curtin
James Larimer

Kent State University

USP Holdings

Advanced Technology Incubator
University of California, San Diego
AT&T Bell Labs

Silicon Video

NASA Ames Research Center
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B. Other Technology Assessments

Tables A-1, A-2, and A-3 are taken from an appendix of Tyson's (1992) book. The
original sources are under the tables. Table A—4 is one of many survey assessments

that are regularly done in Japan; Bloom (1990) discusses several.

This one was

compiled by a group of 12 academic and business leaders convened by the
Economic Planning Agency, and was reported in the NTIS Foreign Technology

Newsletter (September 17, 1991).

Table A-1

Assessments of US and Japanese comparative standings in selected technologies,

Japanese Ministry of International Trade and Industry, 1983 and 1988

1983 1988
Technical Technical

Level of development Level of development
Technology technology capability technology capability
Database systems us Us [ON] us
Semiconductor memory devices Equal Equal Japan Ja™an
Computers us Equal Japan
Videocassctte recorders Japan Japan Japan Japan
D-PBXS us us Equal Equal
Microprocessors Equal Equal Equal Japan
Laser printers us Equal Equal Japan
Copying machines Equal Equal Equal Japan
Assembly robots Equal Japan Equal Japan
CAD/CAM us Equal Equal Japan
Communications satellites us Equal Equal Equal
Photovoltaics Japan Equal Japan Japan
Aircraft engines Us Us Us Equal
Skyscrapers Us Us Equal Equal
Advanced composite materials us us Equal Equal
Fine ceramics Equal Japan Jagan Japan

CAD/CAM = computer-assisted design, computer-assisted manufacturing; D-PBX = digital private branch exchanges.
Source: Ministry of International Trade and Industry, Trends and Future Tasks in Industrial Technology. 1988 White Paper.

Table A-2

Position of the US computer industry in selected critical computer technologies, 1990

and projected 1995

Technology 1990 1995

Database systems Ahead Ahead
Processor architecture Ahead Diminished lead
Network and communications Slightly ahead Parity

Human interface

Ahead

Diminished lead

Visualization Ahead Diminished lead
Operating systems Ahead Diminished lead
Software engineering Ahead Diminished lead
Application technology Ahead Diminished lead
Displays Behind Further behind

Hard-copy technology Parity Behind

Storage Slightly ahead Slightly behind

Manufacturing technology

Integrated circuit fabrication system

Slightly behind
Behind

Further behind
Behind

Microelectronics Parity Behind
Optoelectronics Slightly ahead Pan?y
Electronics packaging Parity Behind

Source: Computer Systems Policy Project
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Table A-3

Relative US position in critical defense technologies

Technology

Biotcchnolggy

Gallium arsenide (for use in advanced semiconductors)
High-power microwaves for weaponry

Integrated optics (for chip memories and signal processing)

Machine intelligence and robotics
Microchips

Pulsed-power lasers and microwave devices
Superconductors

Advanced composite materials
Air-breathing propulsion (jet engines)

Fiber optics

Hypervclocity projectiles

Automatic target recognition

Computational fluid dynamics

Data fusion (for processing large amounts of raw data)
Highly sensitive radars

Parallel processing

Passive sensors

Phased-array radars

Signature controls

Simulation modeling

Software development

a. Dual-use technologies are those with political civilian as well as military applications

Dual-use

LIS lagging
in some

areas

US holding
its own

67

US leading

Yes
Yes
No
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
No
No
Yes
Yes
No
Yes
No
No
No
Yes
Yes

D D b K e

Ll

P Sl

Source: U. S.

Department of Defense
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Japan's Position Relative to the U.S. and Europe

TECHNOLOGIES IN WHICH JAPAN IS
A CLEAR LEADER

Information/electronics
Terabit memory
Superconducting devices
Terabyte optical file
Terabit optical communication

devices

Bio-sensors
Neurocomputers

New Materials
Superconducting materials
New glass (nonlinear optical glass)
Hydrogen occlusion alloys
Magnetic materials

Information—Electronics
Super intelligent chips
Self-expansive chips
Optical computing element/equipment
Bio-computers
Super-parallel processing computers
Automatic translation systems
New Materials
Optical IC's
Molecular Devices
Information/clcctronics
Virtual reality systems
Self expansion data base systems
New Materials
Semiconducting superlattice elements
Amorphous alloys
Nonlinear photoelectronic materials
Thermoplastic molecular composites
Life sciences
Cancer medicines
Virus disease medicines
Marrow banks
Artificial enzyme/membranes
New Material
New gas turbine engines
Photochemical hole—burning
memories
High performance carbon fiber
reinforced plastics
High performance metallic composite
materials
High performance ceramic
composite materials
High performance C/C composites
Energy
Fuel cells
Solar cell technology
High-efficiency heat pump
technology
Automation

Table A4

Intelligent robots
AI/CNC
Composite processing centers
Telecommunication
HDTV
Transportation
Superconducting linear motor cars
Next-generation superconductive
linear motor cars

TECHNOLOGIES IN WHICH JAPAN IS IN
FIRST PLACE TIE

Life Sciences
Medicine for senile dementia
Medicine for immune/allergic disease
Bio-energy
Artificial organs
Telecommunication
TV-meeting systems
Video phones
Broad ISDN exchange devices
Optical subscriber systems
Optical LAN

TECHNOLOGIES IN WHICH JAPAN IS IN
SECOND PLACE

Energy
Module type light water reactors
Fast breeder reactors
Superconductor  electric power
storage facilities
Automation
Micro machines
Self dispersion control
Telecommunication
VSAT/satellite data networks
BS/CS-CATV
Transportation
HSST linear motor cars
Advanced train control systems

TECHNOLOGIES IN WHICH JAPAN IS IN
THIRD PLACE

Energy

Nuclear fusion
Automation

Ultra precision machine tools

Intelligent CAD

Product models

Concurrent engineering
Telecommunication

Personnel telecommunication devices
Transportation

Aqua-robots

Rimodal system
Techno super liner
Intelligent ships
Space Use:
Underground  test facility for
microgravity linear motor
catapult
Underground network for material
handling
Deep subterranean development
Underground heat accumulation
system
Marine ranching
Environment
Fluorocarbon recovery technology
Transportation
Next-generation car
Innovative automobile production
process
Space Use
Super skyscraper
Marine Leisure land
Environment
CO0. fixation by catalysis
CO0. fixation by plants
Disposal and storage facility for
underground water
Automobiles using communication
satellites
Automobiles using substitute fuels
Surface effect vehicles
Space Use
Research stations on the moon
Super large scale pneumatic
structures
Destruction technology for
skyscrapers
Environment
CO02 disposal technology
Substitute gases for fluorocarbons
Underground disposal general waste
systems
Passenger planes for mass
transportation
Hypersonic transportation (HST)
Vertical take—off  and landing
propeller
airplanes
Vertical take-off and landing jet
airplanes
Space Use
Off-shore artificial islands
Floating stations
Environment
Natural degradable plastics



C. Glossary

ACRONYM

AAAS
ARPA

AEM
AGV
Al
AS/RS
ASEE
ASIC
AT&T

CAD
CAM
CANDU
CASE
CCD
CERF
CIM
COMSAT

DARPA
DOC
DOE
DOT
DRAM

EC
EDR
ERATO

FHWA
FSU

GaAs
GAO

GE
GPS/GIS
GWU
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DEFINITION

American Association for the Advancement of Science

Advanced Research Projects Agency of the U.S. Department of
Defense (formerly DARPA)

Automated Electrified Monorail

Automatic Guided Vehicle

Artificial Intelligence

Automated Storage/Retrieval System

American Society for Engineering Education

Application Specific Integrated Circuit

American Telephone and Telegraph

Computer Aided (or assisted) Design

Computer Aided Manufacturing (See CIM)
Canadian Deuterium—Uranium Nuclear Power Plant
Computer Aided Software Engineering
Charge-Coupled Devices

Civil Engineering Research Foundation

Computer Integrated Manufacturing
Communications Satellite Corporation

Defense Advanced Research Projects Agency (now ARPA)
U.S. Department of Commerce

U.S. Department of Energy

U.S. Department of Transportation

Dynamic Random Access Memory

European Community (now European Union)
Electronic Dictionary Corporation, an ICOT spin—off
Japanese Exploratory Research for Advanced Technology Program

U.S. Federal Highway Administration
Former Soviet Union

Gallium Arsenide

U.S. General Accounting Office

General Electric Corp.

Global Positioning System/Global Information System
George Washington University



70

HDTV
HIGH-T¢

[&C
IBM
IC
ICOT
[EEE
INS
ISSCC
ITRI

JRDC
JTEC
JTECH

LDP
LOW-T,
LWR

MCC
MEMS
MIT
MTI
MITI
MITRE
MPT
MUSE

NASA
NBS
NCR
NIST
NJ
NOAA
NSF
NTIS
NTT
NY
NYT

ONR
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High—Definition Television
High Temperature Superconductivity

Instrumentation and Control

International Business Machines

Integrated Circuit

Fifth—-Generation Computer Project of MITI
Institute of Electrical and Electronics Engineers
Information Network System

International Solid—State Circuits Conference
International Technology Research Institute

Japanese Research Development Corporation
Japanese Technology Evaluation Center
Japanese Technology Evaluation Program (at SAIC before 1989)

Japanese Liberal Democratic Party
Low Temperature Superconductivity
Light Water Reactor

Microelectronics and Computer Corporation
Micro-Electro—Mechanical Systems

Massachusetts Institute of Technology

Korean Ministry of Trade and Industry

Japanese Ministry of International Trade and Industry
MITRE Corporation, Bedford MA

Japanese Ministry of Posts and Telecommunications
Multiple Sub—Nyquist Sampling Encoding

National Aeronautics and Space Administration
National Bureau of Standards (now NIST)

National Cash Register (now AT&T Global Information Solutions)
U.S. National Institute of Standards and Technology
New Jersey

National Oceanic and Atmospheric Administration
National Science Foundation

U.S. National Technical Information Service

Nippon Telegraph and Telephone Company

New York

The New York Times newspaper

U.S. Office of Naval Research



R&D
RAM
ROV'S

SAIC
SEMATECH
SRC

SRI

SUNY

TTEC
vV

ucC
UCLA
UCSD
UK
USAF
USN

VCR
VLSI

WTEC
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Research & Development
Random Access Memory
Remotely—Operated Vehicles

Science Applications International Corporation
Semiconductor Manufacturing Corporation
Semiconductor Research Corporation
Stanford Research Institute

State University of New York

Transportation Technology Evaluation Center
Television

University of California

University of California at Los Angeles
University of California at San Diego
United Kingdom

United States Air Force

United States Navy

Video Cassette Recorder
Very Large Scale Integrated Circuit

World Technology Evaluation Center
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